BIOLOGICAL ENVIRONMENT

5.12 Terrestrial Land Use and Ecology 

5.12.1 Historical Terresrial Ecology 

Based on abiotic factors (climate, topography and soils), Beard (1946) broadly classified the natural vegetation associations of Trinidad into: Seasonal, Dry Evergreen, Montane, Intermediate, Swamp and Marsh Formations. Note that these classifications represent conditions >50 yr ago, and as a result of subsequent activities and impacts, several of the species assemblages described by Marshall (1939) and Beard (1946) are no longer recognizable, having undergone significant changes (Joseph, 1999; Cooper & Bacon, 1981). However, these descriptions coincide with (or slightly predate) the initiation of large-scale expansion in land-based hydrocarbon production in Trinidad during World War II (Higgins, 1996). 

The original vegetation of coastal southeast Trinidad was in all probability semi-deciduous seasonal forest (Beard 1946). Although there is a long history of disturbance, this assumption seems reasonable based on abiotic factors (climate, topography and soils). Areas inland of Guayaguayare Bay were comprised of the Mora association and the Crappo-Guatecare-Carat association (Marshall 1939). According to Marshall, the dominants of this association would have been Carapa guianensis (Crappo), Eschweilera subglandulosa,(Guatecare), Spondias mombin (Hogplum), Sterculia caribea (Mahoe), Pachira insignis , Mimusops balata (Balata), Trichilia oblanceolata (Acurel) and Terminalia obovata (Locust).  These species would have dominated the canopy together with individuals of many other canopy trees. The forest would have a well-developed understory with trees such as Brownia latifolia (Cooperhoop) and Swartzia pinnata (Bois Pois) accompanied by palms such as Maximiliana caribea and Sabal glaucescens.  In contrast a vegetation map of Trinidad produced by the Cartographic Division F.R.I.M in 1980, revealed that most of the Guayaguayare Bay area consisted of forest segments too small to be surveyed, suggesting the forest ecology of Guayaguayare Bay area was significantly disturbed. F.R.I.M also identified that there was some agricultural encroachment and non-forested areas at Galeota Point. This indicated that most of the climax vegetation for the Guayaguayare Bay previously described by Beard and Marshall has been modified. 

Coastal areas of Trinidad, particularly the north and east coast, are described by Beard (1946) as having littoral woodland. The littoral woodland climax vegetation type is influenced by coastal winds that deposit a fine spray of salt on plants. The plants (including trees) in the vegetation associations possess both physiological and physical adaptations to these xerophytic conditions. As a result littoral woodland does not extend far from the coast. While, the areas of southeast Trinidad (which includes Guayaguayare) are not described as having extensive areas of littoral woodland, enough components of this vegetation type are present to suggest that it is a significant part of coastal vegetation in Guayaguayare Bay and Galeota Point.

5.12.2 Agricultural Land Use

The creation of coconut estates along the south-eastern coastline has been at the expense of littoral vegetation.  The persistence of littoral vegetation on the coast is as a result of isolation of bays by physical barriers, steepness of the beach (thus preventing colonisation) and adaptability of individual species. In Guayaguayare, much of the original littoral woodland on the coastline was cleared for the development of coconut (Cocos nucifera) plantations. Even where some of the former Coconut Estates are no longer actively managed, the Coconut trees still form the predominant vegetation type. Active coconut estates still exist, such as at the St. Mary’s Estate where coconut is harvested for copra at a less intensive level. 

Where the coastline has been altered through the construction of houses and guesthouses, the vegetation is more indicative of agriculture or disturbed areas. Among the houses at Guayaguayare tree crops are planted and other crops may be planted in open areas or abandoned house lots. Citrus, Mangifera indica (mango), Cajanus cajan (pigeon peas), Manihot esculenta (cassava), Carica papaya (pawpaw) and Musa sp. (banana) were some of the crops observed. 

5.12.3 Terresrial Seasonal Deciduous Forests 

5.2.1.1 Current Survey Methodology

The study area for the purposes of the terrestrial biological survey was restricted to ~2km landwards from the coastline. A baseline review of the ecology in the area was conducted.  Historical data on the area was obtained, using information stored at the libraries of various agencies. These included:

· The National Herbarium of Trinidad and Tobago

· Wildlife Section Forestry Division

· Environmental Management Authority

· BpTT-Technical Reports and EIA’s for the Guayaguayare Area.

· The Institute of Marine Affairs

· The University of the West Indies

To assess the present state of the forest community within the restricted ~2km study area, landwards from the coastline ecological investigations were conducted during the month of December 2003 and assessed the early part of January when rainy season conditions still had a strong influence. Thus, this scientific study can be viewed as a seasonal (i.e. rainy season conditions) snapshot of Guayaguayare Bay. Random sampling techniques were used to collect data the following ecological factors:

Biotic environment - habitat diversity, vegetation cover, vegetation structure stratification, plant distribution and associations, habitat stratifications and zonation.

Biological Indicators - species diversity, density, dominant tree species, sensitive and rare species.

Economic and Social Factors - value of timber seen, faunal species used for subsistence purposes, game species

Aesthetics - Unique species, scenic environments, unique habitats, degraded habitats.
Forested communties North-west of Galeota Point along Guayaguayare Bay were surveyed at sites labelled K and J using 50m x 20m sampling plots. These plots were sited using gridlines on a 1:25000 base map to ensure they fell within the study area. They were alos geo-referenced using a Magellan 315 Global Positioning Unit.  Within each sample plot the trees present were identified, tagged and measurements for Diameter at Breast Height (DBH) noted. The data obtained was then used to calculate Species Richness, Density (D) the number of individuals in a unit area, (Brower et al. 1990).

The location of all floral survey sampling point are provided in Figure 5.17 below
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Figure 5.17:  Showing Floral Survey Locations

5.2.1.2 Results

 The sampling point J was dominated by forest that appeared to be advanced secondary growth. There were several large trees in the plot, but no Class I trees, suggesting that the area may have been affected by the increased access that exist in the area. This may have resulted in the illegal logging of these valuable timber species. However, this would have been more than 20 years ago as there is no evidence of cutting or gaps in the canopy. The designation of timber class does not necessarily devalue the site in terms of ecological importance. Forest trees such as Hog Plum, while not being a Class I tree, provides valuable food resources to wildlife including birds and mammals (such as Collared Peccaries, Agouti and Lappe). Functionally this site provides the physical conditions of closed-canopy forest. 
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Plate 2 Photograph 5.2.1 (a):
Sample Point J

Table 5.26: Point J

	Scientific Name
	Authority
	Common Name
	Family

	Bactris major
	Jacq.
	Roseau
	Palmae

	Brownea latifolia
	Jacq.
	Mountain Rose
	Leguminosae

	Carapa guianensis
	Aubl.
	Crappo
	Meliaceae

	Cecropia peltata
	L.
	Bois Canot
	Moraceae

	Ceiba pentandra
	(L.) Gaertn.
	Silk Cotton
	Bombacaceae

	Clathrotropis brachypetala
	(Tul.) Kleinh.
	Blackheart
	Leguminosae

	Euterpe oleracea
	Mart.
	
	Palmae

	Guarea glabra
	Vahl
	Redwood
	Meliaceae

	Guarea guidonia
	(L.) Sleumer
	Redwood
	Meliaceae

	Hernandia sonora
	L.
	Toporite
	Hernandiaceae

	Hirtella triandra
	Sw.
	
	Chrysobalanaceae

	Inga ingoides
	(Rich.) Willd.
	Pois Doux
	Leguminosae

	Pentaclethra macroloba
	(Willd.) Kuntze
	Fine Leaf
	Leguminosae

	Pterocarpus officinalis
	Jacq.
	Swamp Bloodwood
	Leguminosae

	Roystonia oleracea
	(Jacq.) O.F.  Cook
	Palmiste
	Palmae

	Sapium glandulosum
	(L.) Marong
	Milkwood
	Euphorbaceae

	Spondias mombin
	L.
	Hog Plum
	Anacardiaceae

	Sterculia pruriens
	
	Mahoe
	Sterculiaceae

	Swartzia pinnata
	(Vahl) Willd.
	Bois Pois
	Leguminosae

	Trema micrantha
	(L.) Blume
	
	Ulmaceae

	Trichilia pallida
	Sw.
	Obi
	Meliaceae

	Virola surinamensis
	(Rol.) Warb.
	Cajuca
	Myristicaeae

	Zanthoxyllum sp.
	
	L'Epinet
	Rutaceae


Table 5.17:  Tree Species (above) by Timber Class

	CLASS II
	CLASS III
	CLASS IV

	Crappo
	Cajuca
	Blackheart

	Toporite
	 L’Epinet
	Bois Canon

	
	Mahoe
	Fineleaf

	
	Milkwood
	Hogplum

	
	Mountain Rose
	Pois doux

	
	Redwood
	Palms

	
	Silk Cotton
	

	
	
	


Sample point K is located just east of the Vespry Road (on the eastern arm of the road). This road penetrates an area within the forest and the past land use of the area can be seen represented in the plant communities. The area was recently under agricultural activity particularly cocoa and coconut cultivation. However, with the abandoning of these agricultural areas secondary growth has partially reclaimed the area to the point where the circular road is blocked in parts. Areas of forest previously degraded within this area of Guayaguayare Bay have undergone improvements in diversity through natural colonization. The species that occur at this site are mostly resilient trees which occur in primary and secondary forest. However, there may be colonization of this area by timber trees such as Roble. At the time of the sampling there were large numbers of hunters accompanied by packs of dogs using the area. This was likely due to the large number of yam vines and yam roots within the area, which serve as an attractant to mammals for food.
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Plate 3 Photograph 5.2.1 (b) : Sample Point K

Table 5.18: Point K

	Scientific Name
	Authority
	Common Name
	Family

	Apeiba schomburgkii
	Szyszyl
	Tobago Sandbox
	Tiliaceae

	Bactris major
	Jacq.
	Roseau
	Palmae

	Casearia guianensis
	(Aubl.) Urb.
	Pipewood
	Flacourtaceae

	Casearia sylvestris
	Sw.
	Wild Coffee
	Flacourtaceae

	Cecropia peltata
	L.
	Bois Canot
	Moraceaea

	Coccoloba venosa
	L.
	Small leaf grape
	Polygonaceae

	Cocos nucifera
	L.
	Coconut
	Palmae

	Faramea occidentalis
	(L.) A.Rich.
	
	Rubiaceae

	Guazuma ulmifolia
	Lam.
	Bois D'Orme
	Sterculiaceae

	Hura crepitans
	L.
	Sandbox
	Euphorbiaceae

	Inga ingoides
	(Rich) Willd.
	Pois Doux
	Leguminosae

	Margaritaria nobilis
	L.f.
	
	Euphorbiaceae

	Platymiscum trinitatis
	Benth.
	Roble
	Leguminosae

	Roystonea oleracea
	(Jacq.) O.F.Cook
	Palmiste
	Palmae

	Sapindus saponaria
	L.
	Soapseed
	Sapindaceae

	Sapium glandulosum
	(L.) Morong
	Milkwood
	Euphorbiaceae

	Spondias mombin
	L.
	Hog Plum
	Anacardiaceae

	Trema micrantha 
	(L.) Blume
	
	Ulmaceae

	Vitex divaricata
	Sw.
	Black Fiddlewood
	Verbenaceae

	Zanthoxyllum sp.
	
	L'Epinet
	Rutaceae


Table 5.19: Tree Species (above by Timber Class)

	CLASS I
	CLASS III
	CLASS IV

	Roble*
	L’Epinet*
	Bois Canon*

	
	Milkwood*
	Bois D’Orme*

	
	Sandbox*
	Hogplum*

	
	
	Pois doux*

	
	
	Wild Coffee*


Industrial activity occurring at Galeota Point does not appear to have any effect on the integrity of the forest ecosystem at points J and K which are located North-west of the peninsula. 

5.12.4 Littoral Woodland Ecology

Coastal surveys showed that the littoral woodland along Guayaguayare Bay includes two plant associations: Seagrape-Manchineel (Coccoloba uvifera-Hippomane mancinella), which starts at the high water mark, and the Palmiste-Balata (Roystonea oleracea-Manilkara bidentata) formation, which can be found further inland. Along the eastern shoreline of the Galeota Peninsula the vegetation is dominated by Coccoloba uvifera (Sea Grape) in parts, Hibiscus pernambucensis along the edge of the mangrove, and thickets dominated by Myrsine guianensis, Randia aculeata Desmoncus sp., Cordia curassavica, Pisonia fragrans, Diospyros inconstans, Senna baillaris, Senna bicapsularis and Coccoloba coronata (Ramjohn et al 2002).  This coastal vegetation structure is that of a short wind-swept thicket, especially along the ridges, within small pockets among the grass. Other areas along this coastline contain shorter scrubby vegetation dominated by Rhabdadenia biflora (usually a vine, but can grow as a low shrub), Solanum stramonifolium and Smilax cumanensis. These littoral woodlands though well developed have become significantly fragmented by coconut (Cocos nucifera) plantations..  

Within Guayaguayare Bay there are several areas of interspersed vegetation types where Coccoloba thickets exists with coconuts. The presence of coconut (Cocos nucifera) on the beaches of Trinidad has come about by the creation of estates where coconut is grown for the extraction of oil from the copra.  Trees have also spread to isolated bays by natural dispersal of the seeds of this plant via the sea. In the area south of St. Hilaire River a semi-abandoned Coconut Estate in southwest Guayaguayare, the Sea Grape community exists as an understory thicket in the coastal margin of the more dominant Coconut, interspersed with secondary forest vegetation. The Coccoloba dominates the understory at the shoreline but the vegetation becomes dominated by secondary growth, scrub and grasses further inland. This structure was clearly exhibited at Gran Cayo Point where the littoral forest consisted of coconut trees (Cocos nucifera) 20-15 m in height with an under story of coconut seedlings and individuals of Sea grape (Coccoloba uvifera) and grasses.  Further south of this area, the vegetation consists of coconut palms at the shoreline and Roystonea palms growing on the higher slopes. 

5.12.5 Terrestrial Avifaunal Survey

As a result of the development within Guayaguayare Bay in the last decade, EIAs were conducted for projects within the area, many of which include assessments of avian communities. These avian surveys (where data collection involved field surveys) have been conducted along the coastal environment, landward of mangroves and in the forest interior. An EIA submitted in 1996 to Town and Country Planning Division (TCPD) (ECO Report No. 15/1995), contained as part of the baseline assessment, field surveys of avian communities.  The avian survey (conducted between August 1995 and January 1996) involved areas of the coastline at Rustville, the edge of the Guayaguayare Forest (north of Rustville), and two pipeline ROWs (from Beachfield to Abysinia and Beachfield to Picton). The survey covered several vegetation types including grassland, built environment, lastro, marsh-type, secondary forest and primary forest. The areas of primary forest would just fall outside of the present study area.

During the course of the study a total of 141 avifaunal species were encountered, of which 124 were encountered in the areas mentioned.  Closer examination of the avifauna community showed that the more impacted an area, the more common aggressive species, adapted to human-influenced landscapes were encountered. These species would account for the majority of individual birds encountered. This group would include species such as the Great Kiskidee, Blue-gray Tanager, Palm Tanager, Housewren and Carib Grackle. Areas of mixed land use with some tree cover, such as tree crop agriculture and fragmented secondary forest, had more diverse avian communities where species such as Silver-beaked Tanager and Barred Antshrike would be found among these aggressive species. Areas of forest, be it secondary or primary forest, would have had the greatest diversity.  Interestingly, and perhaps predictably, the more uncommon species were located in the area just north of the study area where at the time there was primary forest.  Within the edge of the secondary forest and within the primary forest, a group of forest-associated birds were located at different points and included species such as the Black-faced Antthrush, Red-legged Honeycreeper and White-winged Becard. These species are dependent on a fairly closed canopy associated with forest.  The Black-faced Antthrush in particular, follows swarms of ‘army ants’ and feeds on insects disturbed by the ants and is thus strongly dependent on forest conditions (and so are the army ants).

Comparably an EIA submitted in 2002 to the EMA for the granting of a CEC for an Oil Storage Terminal site and a pipeline Right of Way (Ramjohn et al 2002) contained as part of the baseline assessment, field surveys of avian communities. The areas surveyed were the Galeota Peninsula, coastal areas of Guayaguayare Bay to Rustville, the Rustville forest areas and an Amoco 6’’ Gasline ROW at Galeota to Beachfield.  These surveys were conducted between March and September 2002. A total of 105 avian species were encountered. The trends noted in this survey were habitat specific. Within coastal areas, both wetland-associated species on coastal strips and aggressive species associated with housing areas were encountered, demonstrating the habitat heterogeneity along the coastline and areas adjacent to the coastline. The greatest diversity of birds was along the pipeline ROW where there were areas of secondary forest and fragmented primary forest. Along this ROW 85 bird species were encountered with a mix of aggressive opportunistic birds adapted to ‘edges’ and birds more associated with true forest. It is interesting to note that species encountered in the forested areas included ‘true forest’ species.  These included the Euler’s Flycatcher, Red-legged Honeycreeper and White-winged Becard that are only encountered in closed canopy forest. This suggests that between 1995 and 2002, species composition has not changed drastically and the ecosystems still harbors species that are considered forest species and can provide resources to this guild of birds.

Within many habitat types such as abandoned cocoa areas and along the Galeota to Beachfield area of the ROW, diversity was higher than would be expected.  This was probably due to the habitat heterogeneity in these areas. A comparison of these two studies shows a similarity in the number of species recorded in the wider Guayaguayare area. This suggests that species composition of the habitat types may be highly resilient to change once there is enough of the habitat type to support populations of individual species.

5.2.1.3 Current Survey 

Avifaunal Surveys were conducted between November – December 2003, corresponding to the rainy season.  A total of 34 Point Counts (Appendix A) were carried out within the Guayaguayare Bay area. A map of the 34-point is provided in Figure 5.18.

[image: image4.png]



Figure 5.18:  MapShowing location of Point Survey Stations
From this survey, it was seen that a total of 69 species of birds were encountered during the course of the study. A comparison of the present avifaunal survey with the 1995 and 2002 survey conducted for the area, showed that the trends seen in the previous surveys are repeated in the present survey. The presence of the more aggressive species such as the Great Kiskadee, Blue-gray Tanager, Housewren and Carib Grackle in the areas with a built environment is well documented in all three surveys. These species in this particular habitat constitute the majority of individuals in this environment.

Areas of secondary forest and closed canopy forest had species that were more indicative of forest conditions. Within these areas species such as the Chestnut Woodpecker, Plain-brown Woodcreeper, Channel-billed Toucan, Purple Honeycreeper and Scaled Pigeon were encountered within Point Counts. Of this group of species it is the Chestnut Woodpecker and the Scaled Pigeon that are both uncommon and require forest conditions for their success.

Within the coastal areas, which were intensively surveyed, coastal and wetlands-associated birds were recorded. These species included Brown Pelican, Semi-palmated Plover, Snowy Egret, Cattle Egret, Little Blue Heron, Great Blue Heron, Yellow-crowned Night-Heron, Scarlet Ibis and Osprey (a raptor that feeds on fish).  Comparatively, this can be considered a ‘high’ representation of wetlands-associated birds and may demonstrate the lack of study of coastal areas in Guayaguayare Bay. Of these species, the Great Blue Heron, Semi-palmated Plover, Yellow-crowned Night-Heron and Scarlet Ibis have not been recorded in the previous surveys. The Great Blue Heron was observed on the mudflats just west of the Galeota Peninsula, the Semi-palmated Plover was seen at the mudflats at the St Hilaire River and the juvenile Yellow-crowned Night-Heron at the mouth of the Mouville River. The juvenile Scarlet Ibis was observed on the banks of the Pilote River at low tide, feeding in the company of a Little Blue Heron. The areas of mudflats exposed at low tide just west of the Galeota Peninsula showed Little Blue Herons, Snowy Egrets and the solitary Great Blue Heron.  Other species, which were not recorded in previous studies, were the Gray-fronted Dove and the Yellow-hooded Caracara. The Gray-fronted Dove is a forest species while the Yellow-hooded Caracara, a raptor, is a fairly recent introduction whose range has expanded with cattle rearing (it feeds on ticks from cattle). For a full listing of the species of Birds found during surveys conducted. Reffer to table 5.20.
Table 5.20:  Avifauna Recorded in Guayaguayare Bay
	SPECIES
	ABUNDANCE
	AVIAN CENSUS

	
	
	1995A
	2002B
	2003C

	American Kestrel, Falco sparverius
	Occasional, formerly rare resident in North Trinidad
	
	X
	

	Bananaquit, Coereba flaveola
	Abundant resident
	X
	X
	X

	Bare-eyed Thrush, Turdus nudigenis
	Common resident
	X
	X
	X

	Barn Swallow, Hirundo rustica
	Common visitor
	X
	
	

	Barred Antshrike, Thamnophilus doliatus
	Common resident
	X
	X
	

	Bay-headed Tanager, Tanagara gyrola
	Common resident
	X
	X
	

	Black Vulture, Coragyps atratus
	Common resident
	X
	X
	X

	3.1.1.1 Black-crested Antshrike, Sakesphorus canadensis
	Common resident
	X
	X
	X

	Black Hawk-Eagle, Spizaetus tyrannus
	Rare visitor
	X
	
	

	Black-faced Antthrush, Formicarius analis
	Common resident
	X
	
	

	Black-throated Mango, Anthracothorax nigricollis
	Common, but localised resident
	X
	X
	X

	3.1.1.2 Blue Dacnis, Dacnis cayana
	Fairly common resident
	X
	X
	

	3.1.1.3 Blue-black Grassquit, Volatinia jacarina
	Very common resident
	X
	X
	X

	Blue-chinned Sapphire, Chlorestes notatus
	Common and widespread resident
	X
	
	

	Blue-gray Tanager, Thraupis episcopus
	Common resident
	X
	X
	X

	Blue-headed Parrot, Pionus menstruus
	Common and widely distributed resident
	X
	
	

	Blue-tailed Emerald, Chlorostilbon mellisugus
	Rather uncommon and local resident
	
	X
	

	Boat-billed Flycatcher, Megarhynchus pitangua
	Common and widespread resident
	X
	
	

	Brown-crested Flycatcher, Myiarchus tyrannulus
	Fairly common but localized resident
	X
	
	

	Brown Pelican, Pelecanus occidentalis
	Common
	X
	
	X

	Buff-throated Woodcreeper, Xiphorhynchus guttatus
	Common resident
	X
	X
	X

	Carib Grackle, Quiscalis lubrigis
	Common resident
	X
	X
	X

	Cattle Egret, Bubulcus ibis
	Very common resident
	X
	X
	X

	Channel-billed Toucan, Ramphastos vitellinus
	Common resident
	X
	X
	

	Chestnut Woodpecker, Celeus elegans
	Fairly common resident
	
	X
	X

	Chivi Vireo, Vireo chivi
	Common
	X
	
	

	Common Black Hawk, Buteogallus anthracinus
	Fairly common resident
	
	X
	X

	Common Ground Dove, Columbina passerina
	Fairly common but localized resident
	X
	
	

	Copper-rumped Hummingbird, Amazilia tobaci
	Widespread resident
	X
	X
	X

	Crested Oropendola, Psarocolius decumanus
	Common resident
	X
	X
	X

	Crimson-crested Woodpecker, Phloeoceastes melanoleucos
	Rather uncommon resident
	X
	X
	

	Dusky-capped Flycatcher, Myiarchus tuberculifer
	Fairly common resident
	X
	
	

	Eared Dove, Zenaida auriculata
	Common, localised resident.
	
	X
	X

	Euler's Flycatcher, Lathrotriccus euleri
	Common resident
	X
	X
	

	Ferruginous Pygmy Owl, Glaucidium brasilianum
	Common resident
	X
	X
	X

	Forest Elaenia, Myiopagis gaimardii
	Fairly common resident
	X
	
	

	Fork-tailed Flycatcher, Muscivora tyrannus
	Common visitor
	X
	X
	

	Giant Cowbird, Scaphidura oryzivora
	Fairly common resident
	X
	
	

	Golden-crowned Warbler, Basileuterus culicivorus
	Fairly common resident
	X
	X
	

	Golden-fronted Greenlet, Hylophilus aurantiifrons
	Common resident
	X
	X
	X

	Golden-headed Manakin, Pipra erythrocephala
	Very common resident
	X
	X
	

	Golden-olive-Woodpecker, Piculus rubiginosus
	Common resident
	X
	X
	

	Gray Hawk, Buteo nitidus
	Fairly common

Resident
	X
	X
	

	Gray Kingbird, Tyrannus dominicensis
	Rather uncommon and local resident
	X
	X
	

	Grayish Saltator, Saltator coerulescens
	Common resident
	X
	X
	

	Gray-breasted Martin, Progne chalybea
	Common resident
	X
	
	

	Gray-fronted Dove, Leptotila rufaxilla
	Common resident
	
	
	X

	Gray-necked Woodrail, Aramides cajanea
	Widespread, though not common
	
	X
	

	Gray-rumped Swift, Chaetura cinereiventris
	Common resident
	X
	
	X

	Great Antshrike, Taraba major
	Common resident
	X
	X
	X

	Great Blue Heron, Ardea herodias
	Regular visitor
	
	
	X

	Great Kiskadee, Pitangus sulphuratus
	Common resident
	X
	X
	X

	3.1.1.4 Greater Yellowlegs, Tringa melanoleuca
	Common winter visitor
	X
	X
	

	Green Hermit, Phaethornis guy
	Common resident
	X
	X
	X

	3.1.1.5 Green Honeycreeper, Chlorophanes spiza
	Common resident
	X
	X
	

	3.1.1.6 Green Kingfisher, Chloroceryle americana
	Fairly common resident
	
	X
	

	Green-rumped Parrotlet, Forpus passerinus
	Widely distributed resident
	X
	X
	X

	House Wren, Troglodytes aedon
	Common resident
	X
	X
	X

	Laughing Gull, Larus atricilla
	Widespread and localised
	X
	
	X

	Lesser Seed-Finch, Oryzoborus angolensis
	Rare resident, formerly widespread, depleted by trapping
	
	X
	

	Lesser Yellowlegs, Tringa flavipes
	Common winter visitor
	X
	
	

	Lilac-tailed Parrotlet, Touit batavica
	Common resident in forested areas
	X
	X
	

	Lineated Woodpecker, Dryocopus lineatus
	Widely distributed, but not common resident
	X
	X
	X

	Little Blue Heron, Egretta caerulea
	Common resident. Numbers increase via migrants from north, Oct-Dec.
	X
	X
	X

	Little Hermit, Phaethornis longuemareus
	Common resident
	X
	X
	X

	Little Tinamou, Crypturellus soui
	Common resident
	X
	X
	

	Long-billed Gnatwren, Ramphocaenus melanurus
	Common resident
	X
	X
	X

	Magnificent Frigatebird, Fregata magnificens
	Common resident
	X
	
	X

	Mangrove Cuckoo, Coccyzus minor
	Rare resident
	X
	
	

	Northern Waterthrush, Seirus noveboracensis
	Common winter resident. Regularly present Sept-May.
	X
	X
	X

	Ochre-bellied Flycatcher, Mionectes oleaginea
	Common resident
	X
	X
	

	Olive-sided Flycatcher, Nuttallornis borealis
	Uncommon winter visitor
	X
	
	

	Orange-winged Parrot, Amazona amazonica
	Common resident
	X
	X
	X

	Osprey, Pandion haliaetus
	Fairly common and widely distributed
	X
	X
	X

	Pale-vented Pigeon, Columba cayennensis
	Common resident
	X
	
	X

	Palm Tanager, Thraupis palmarum
	Common resident
	X
	X
	X

	Pearl Kite, Gampsonyx swainsoni
	Rare resident
	X
	X
	

	Pied Water-Tyrant, Fluvicola pica
	Common resident
	X
	X
	X

	Piratic Flycatcher, Legatus leucophaius
	Fairly common breeding bird, some migration to the mainland occurs
	X
	X
	

	Plain Antvireo, Dysithamnus mentalis
	Common resident
	X
	
	

	Plain-brown Woodcreeper, Dendrocincla fuliginosa
	Common resident
	X
	X
	X

	Purple Honeycreeper, Cyanerpes caeruleus
	Common resident
	X
	
	X

	Red-legged Honeycreeper, Cynerpes cyaneus
	Fairly common resident
	X
	X
	

	Red-rumped Woodpecker, Veniliornis kirkii
	Fairly common resident
	
	X
	

	Ruby-Topaz Hummingbird, Chrysolampis mosquitus
	Common resident
	
	X
	

	Ruddy Ground Dove, Columbina talpacoti
	Very common and widely distributed resident
	X
	X
	X

	Rufous-breasted Hermit, Glaucis hirsute
	Common resident
	X
	X
	X

	Rufous-breasted Wren, Thryothorus rutilus
	Common resident
	X
	X
	X

	Rufous-browed Peppershrike, Cyclarhis gujanensis
	Common resident
	X
	X
	X

	Rufous-tailed Jacamar, Galbula ruficauda
	Fairly common (esp. in Tobago)
	X
	X
	

	Savanna Hawk, Heterospizias meridionalis
	Rather uncommon resident
	
	X
	

	Scaled Pigeon, Columba speciosa
	Fairly common
	X
	X
	X

	Scarlet Ibis, Eudocimus ruber
	Common but localised
	
	
	X

	Scrub Flycatcher, Sublegatus modestus
	Inconspicuous, but locally common
	
	X
	

	Semi-palmated Sandpiper, Calidris pusilla
	Very common visitor
	X
	X
	

	Semi-palmated Plover, Charadrius semipalmatus
	Very common visitor
	
	
	X

	Shiny Cowbird, Molothrus bonariensis
	Common resident
	X
	X
	X

	Short-tailed Pygmy-Tyrant, Myiornis ecaudatus
	Uncommon species, probably resident
	
	X
	

	Short-tailed Swift, Chaetura brachyura
	Common resident
	X
	X
	

	Short-tailed Hawk, Buteo brachyurus
	Common resident
	X
	
	

	Silver-beaked Tanager, Ramphocelus carbo
	Common resident
	X
	X
	X

	Smooth-billed Ani, Crotophaga ani
	Common resident
	X
	X
	X

	Snowy Egret, Egretta thula
	Uncommon resident
	X
	
	X

	Solitary Sandpiper, Tringa solitaria
	Fairly common visitor
	X
	X
	

	Southern Beardless Tyrannulet, Capmtostoma obsoletum
	Common resident
	X
	X
	X

	Southern Lapwing, Vanellus chilensis
	Increasingly common resident, first recorded in 1961
	X
	X
	X

	Southern Rough-winged Swallow, Stelgidopteryx ruficollis
	Common resident
	X
	
	

	Spotted Sandpiper, Actitis macularia
	Very common winter visitor
	X
	X
	

	Squirrel Cuckoo, Piaya cayana
	Fairly common resident; widely distributed.
	X
	X
	

	Streaked Xenops, Xenops rutilans
	Fairly common resident
	X
	
	

	Streaked Flycather, Myiodynastes maculatus
	Fairly common resident
	X
	
	

	Striated Heron, Butorides struatus
	Common resident
	X
	X
	X

	Swallow-tailed Kite, Elanoides forficatus
	Common breeding visitor
	X
	
	

	Tricolored Heron, Egretta tricolor
	Common resident
	X
	
	

	Trinidad Euphonia, Euphonia trinitatis
	Uncommon but widespread
	X
	
	

	Tropical Kingbird, Tyrannus melancholies
	Common resident
	X
	X
	X

	Tropical Mockingbird, Mimus gilvus
	Common resident
	X
	X
	X

	Tropical Parula, Parula pitiayumi
	Fairly common resident
	X
	
	

	Tropical Peewee, Contopus cinereus
	Common resident
	
	X
	X

	Turkey Vulture, Cathartes aura
	Common resident
	X
	X
	X

	Turquoise Tanager, Tangara mexicana
	Common resident
	X
	X
	X

	Violaceous Euphonia, Euphonia violacea
	Common resident
	X
	X
	

	Violaceous Trogon, Trogon violaceus
	Common resident
	X
	X
	X

	Wattled Jacana, Jacana jacana
	Common resident
	X
	X
	

	White Hawk, Leucopternis albicollis
	Fairly common resident
	
	X
	

	White-bearded Manakin, Manacus manacus
	Common resident
	X
	X
	

	White-bellied Antbird, Myrmeciza longipes
	Common resident
	X
	X
	

	White-chested Emerald, Amazilia chionopectus
	Widespread, common resident
	X
	X
	

	White-flanked Antwren, Myrmotherula axillaris
	Common resident
	X
	X
	

	White-headed Marsh-Tyrant, Arundinicola leucocephala
	Common resident
	X
	
	X

	White-lined Tanager, Tachyphonus rufus
	Uncommon but widely distributed resident
	X
	X
	X

	White-necked Heron, Ardea cocoi
	Regular visitor but small numbers
	
	X
	

	White-shouldered Tanager, Tachyphonus luctuosus
	Uncommon Resident
	X
	X
	

	White-tailed Trogon, Trogon viridis
	Common resident
	X
	
	X

	White-tipped Dove, Leptotila verreauxi
	Common resident, widely distributed
	X
	X
	X

	White-winged Becard, Pachyramphus polychopterus
	Fairly common, but localised resident
	X
	X
	

	White-winged Swallow, Tachycineta albiventer
	Localised resident
	
	X
	

	Yellow Oriole, Icterus nigrogularis
	Common resident
	X
	X
	X

	Yellow Warbler, Dendroica petechia
	Common winter visitor
	X
	X
	

	Yellow-bellied Elaenia, Elaenia flavogaster
	Common resident
	X
	X
	

	Yellow-breasted Flycatcher, Tolomomyias flaviventris
	Common resident
	X
	X
	X

	Yellow-hooded Blackbird, Agelaius icterocephalus
	Common resident
	X
	X
	

	Yellow-hooded Caracara, Milvago chimachima
	Common resident
	
	
	X

	Yellow-olive Flycatcher, Tolmomyias sulphurescens
	Fairly common resident
	
	X
	

	Yellow-rumped Cacique, Cacicus cela
	Common resident (in E and S Trinidad)
	X
	
	

	Yellow-chinned Spinetail, Certhiaxis cinnamomea
	Common resident
	X
	
	

	Yellow-crowned Night-Heron, Nyctanassa violacea
	Fairly common resident
	
	
	X

	Zone-tailed Hawk, Buteo albonotatus
	Uncommon resident
	X
	
	


A – ECO Report 15/1995

B – Ramjohn et al 2002

C – Present study
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	(a) Juvenile Yellow-crowned Night-Heron at Mouville River
	(b) Juvenile Little Blue Heron close to St Hilaire River
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	(c) Adult Little Blue Heron west of Galeota Peninsula
	(d) Little Blue Heron and juvenile Scarlet Ibis (partially obscured)


Plate 4 Photograph 5.2.1 (c): Coastal and Wetlands Avifauna at Guayaguayare Bay

Forest dependent species that were encountered in the present study particularly in areas with a degraded nature of the forest suggests that these species may show some resilience to impacts to forest quality. More likely, these areas of degraded forest act as ‘satellites’ of potential habitat that forest species can utilise in foraging, roosting and nesting. In the areas that are closer to Petrotrin facilities, the aggressive species such as the Barred Antshrike, Cattle Egret and Great Kiskadee were found in the Point Counts. These species are able to enter these areas as they are tolerant of open areas or scrub and demonstrate ‘edge effects’ amongst a taxonomic group. The areas of smaller forest fragments or where the edge penetrates deep into forest are most likely to be dominated by these species.
5.12.6 Lepidopteron Fauna 

5.12.6.1 Background 

The use of Lepidoptera (butterflies and moths) to assess ecosystem function and habitat quality is possible for a number of reasons, including ready identification (through the use of available taxonomic keys) and the availability of records of distribution and habitat requirements. 

Butterflies and moths (Order: Lepidoptera, Class: Insecta) are conspicuous members of the invertebrate communities of ecosystems.  Butterflies in particular, which are day-flying and often brightly coloured, generate interest from the public and can be considered a “charismatic” species. Lepidoptera have a holometabolous life cycle where the post-embryonic development involves distinct larval stage and adult stage. The separate life stages have different requirements, particularly in the larval stage, which can be very specific in their requirements for successful development (with a close link between butterfly larvae and particular host plants).  As a result, species may be site-dependent at one or more stages, and may also move between habitats during their life cycle.

Butterflies can be effective as biological indicators in both temperate and tropical environments (Wood & Gillman 1998), showing greater diversity in the tropics. However, most of the Caribbean, due to its geological development as volcanic islands has much lower diversity than tropical South America. Trinidad can be considered as geologically connected with South America, having been separated from the continent ~10,000 yr ago (Wood & Gillman 1998). Trinidad, a land-bridge island, has a distinctly South American fauna. Thus, while the West Indies has 292 species of butterflies, and Continental Europe 390 species, Trinidad has 617 species (of which 230 are Hesperids) and Central America over 1400 species (Stilling 1998; Barcant 1970).

The level of isolation of habitat fragments can be determined by assessing the composition of Lepidopteran populations. Some butterflies show limited dispersal by an inability to cross barriers such as different habitat types or cleared areas. Forest butterflies are especially vulnerable to such restrictions due to their adaptation to specific ranges of microclimate conditions, which may not allow movement through non-forest habitat (Srygley and Chai 1990, Spitzer et al 1997). 

5.12.6.2 Methods 

A census was conducted of Butterflies using a Point Count methods, which samples fauna within a specified distance around a predetermined sampling point. Points were selected for this study with the aim of capturing the faunal composition of the different habitat types within the study area. Areas coincided with avifaunal point counts. Emphasis was place on sites J and K where longer counts were done.

5.12.6.3 Results

For the purposes of the present study Lepidopteran communities can be separated into residential-rural (which includes human-derived landscapes such as coconut plantations) and forest communities and comparison of the two environments determined to investigate habitat requirement and specificity. The determination of the species assemblages demonstrates a strong dissimilarity of the ecotypes. Of the 29 species recorded within the Point Counts, 3 species were recorded in each habitat type, 9 species were recorded in coastal and human-derived environments, and 12 species located in forest areas.

The strong dissimilarity illustrates the habitat specificity of these taxa with groups such as the Ringlets (Genus: Euptychia) and the Night (Taygetis penelea) only recorded in forested areas.  This group of drab brown butterflies use camouflage as a means of defence against predators and rarely venture far from forest or forest edge. Similarly to this trend the species found in human-derived environments were the aggressive species that are fast fliers or unpalatable to predators such as birds.

Both Point J and K possessed Euptychia spp. of butterflies with 3 species at Point J and one at Point K. Even more significant at these points in comparison to the other areas is the Lady Slipper (Pierella hyalinus fusimaculata), a species that is only found under closed canopy in secondary or primary forest. This species was found at both sample sites together with other species that are indicative of forest conditions such as Pyrrhogyra (Pyrrhogyra tipha) at both points and Trinidad Adelpha (Adelpha cytherea) at Point J.

The trends seen in the Lepidoptera fauna mirror the patterns observed in the avian fauna with high habitat specificity among community members.  However, among the Lepidoptera it was observed that ‘edge effects’ were observed among the communities. The Cow Shoemaker (Anaea marthesia), a forest butterfly was observed (at a coastal point) just past the St Hilaire River, where it was flying between coconut and sea grape trees. In the forested areas, the Monarch, a ‘sun loving’ species was observed flying into the forested areas on an oilfield access road. The presence of these species in ‘alien’ environments does not negate the data verification but rather demonstrates the importance of assessing areas using various taxa, which may have varying sensitivities to habitat change. The patterns observed clearly shows that the past history of the Guayaguayare area has resulted in fragmentation of the landscape and the edge effects associated with habitat alteration.

Butterflies at Point J and K when assessed from within the plot and the edge of the plot showed a distinct separation in species occurrence. Migration of Edge-adapted species and ‘sun-loving’ species from open areas (e.g. Little Yellowie) and shade tolerant species to the sun-lit edge to bask (e.g Euptychia sp.) was observed.

The assessments of the Sample Point J and K revealed trends in habitat use of these two areas. At Point J ten species were encountered of which 6 are species that are associated with forest. Two of the species, the Ladyslipper and the Pure White can be considered highly dependent on forest cover. Two other species, the Ringlets, are also quite vulnerable to habitat loss. At Point K, 9 species were encountered within the site and environs. Similarly to the other point, the presence of Lady Slipper and Ringlet suggest that functionally this area provides resources to forest species. However, Point K, being more degraded than Point J, showed proportionally less forest-associated species.

Table 5.21: Butterfly Species Recorded During Surveys

	Scientific Name
	Family
	Status

	Anaea marthesia, Cow Shoemaker
	NYM
	Rare

	Anartia amathea, Red Anartia
	NYM
	Very common

	Anartia jatrophe , White Peacock
	NYM
	Very common

	Battus polydamas, Gold Rim
	PAP
	Common

	Caligo teucer insulanus, Cocoa Mort Bleu
	BRA
	Localised, widespread

	Colaenis iulia, Flambeau
	HLC
	Fairly common

	Danaus plexippus megalippe , Monarch 
	DAN
	Common

	Dryadula phaetusa, Caroni Flambeau
	DAN
	Localised

	Eryphanis polyxena polyxena , Purple Mort Blue
	BRA
	Rare

	Euptychia ocypete, Ringlet
	SAT
	Common

	Euptychia hermes, Ringlet
	SAT
	Common

	Euptychia penelope, Ringlet
	SAT
	Semi-rare

	Euptychia themis, Ringlet
	SAT
	Semi-rare

	Hamadryas feronia , Cracker
	NYM
	Common

	Heliconius melpomene/erato, Postman
	HLC
	Common

	Heliconius wallacei, Blue Grecian
	HLC
	Localised

	Hemiargus hanno, Common Blue
	LYC
	Common

	Lycorea ceres, Large Tiger 
	ITOM
	Common

	Mechanitis (polymnia) solaria , Sweet Oil
	ITOM
	Rare

	Parides anchises cymocles , Cattle Heart
	PAP
	Uncommon

	Phoebis sennae Common Yellow
	PRD
	Very common

	Taygetis penelope, Night
	SAT
	Common

	Vanessa cardui, Painted Lady
	NYM
	Rare


Key to Families:

NYM - Nymphalidae

PAP – Papillionidae

BRA - Brassolidae

HLC - Helioconidae

DAN - Danaidae

SAT - Satyridae

LYC - Lycaenidae

ITOM - Ithomidae

PRD – Pieridae

5.12.7 Terrestrial Mammals

5.12.7.1 Method

A running, daily species checklist was maintained for all mammals seen in the field during surveys conducted in 2003. Any unique, rare, endangered or commercially valuable species observed were recorded as such. The data collected was supplemented with historical information reported by the forestry Division for Mayaro and other published authorities on the ecology of Guayaguayare. Anecdotal references made by the South-eastern Hunters Association and residents within the area were also noted. 

5.12.7.2 Results

It has been reported that within the Trinity Hills Game Reserve and the Victoria Mayaro forest reserve Lappe (Agouti paca), Agouti (Dasyprocta agouti), Deer (Mazama americana), Quenk (Tayassu tajacu), Red Howler Monkeys (Alouatta seniculus) and several species of Squirrel can be seen (Pers. Com. B. Campo Retired Forrester 2003). Surveys conducted by the Forestry Division in 1972 identified the presence of Lappe, Agouti, Quenk, Tatoo (Dasypus novemcinctus), Brocket deer, Anteaters (Cyclopes didactylus), Porcupines (Cuendu prehensilis), Manicous (Didelphis marsupialis), Tayras (Eria Barbara) and Squirrels, (Dardine 1972). Large troops of Capuchin Monkeys and Red Howler Monkeys were also present, (Dardine, 1972). Troops of howler monkeys were heard during the survey conducted wthin the Beachfield area however no visual sightings were made. Populations of Ocelots (Felis pardalis) once thought to be present in the area have dwindled and the species is presently thought to be absent from the area (Dardine 1972). Of the species identified none appeared on the IUCN 1996 list of endangered species. The Wild Life Bill passed in 1999 lists the Red Howler Monkey and Tayra as vulnerable species and the Porcupine (Prehensile tail) as well as the White-fronted capuchin monkey as rare. As such the habitat provided by the forested areas of Guayaguayare and in particular the Trinity Hills forest reserve is important for the continued survival of these species.  

5.12.8  Terrestrial Reptiles
5.1.8.1
Method

A running, daily species checklist was maintained for all mammals seen in the field during surveys conducted in 2003. Any unique, rare, endangered or commercially valuable species observed was recorded as such. The data collected was supplemented with historical information reported by the Forestry Division for Mayaro and other published authorities on the ecology of Guayaguayare. Anecdotal references made by the South-eastern Hunters Association and residents within the area were also noted. 

5.12.8.1 Results

A survey of the Trinity Hill Wildlife Reserve conducted by the Forestry Division sited the presence of Morocoys (Geochelone denticulata), Galaps (Geomyda punctularia), Caimans (Caiman sclerops), Igaunas (Igauna iguana) and Matte (Tupinambis negropunctatus). Two species of common lizards, the Zandolie (Ameiva ameiva) and the Twenty Four Hour Lizard lizard (Polycrus marmorata) were also noted (Forestry Division 1972).  Eight (8) species of snakes are reported as present within the area. These are; Bush Master (Lachesis muta), Fer-de-lance (Bothrops atrox), Cascabel (Boa enydris), Macajuel (Constrictor constrictor), Tigre (Spilotes pullatus)., Black Caribo (Clelia clelia), Green Horse Whip (Leptophis ahaetulla) and the Mashete (Drymobius boddaerti), (Dardine 1972).  

5.12.9  Aquatic Ecology

5.12.9.1 Introduction 

Guayaguayare Bay riverine inputs are small in comparison to influences from the large South American Rivers, the Orinoco and Amazon, which account for over 25% of the total freshwater discharge to the world's oceans (Meybeck 1982, Schlesinger and Melack 1981), as evidenced by a substantially-deep wet season halocline that was over 3 m in depth as far as 2 km offshore.  This wet season halocline has been well documented in Trinidad’s coastal waters.  Without historical baselines to work with, it is unknown whether there is an ongoing process of eutrophication within Guayaguayare Bay.  However, it must be noted that there has been unprecedented anthropogenic disturbance of South American catchments over recent decades, and increases in nutrient loading to continental shelf waters has been well documented (Kuehl et al. 1986, Meade 1994, Pujos et al. 1997 and Sommerfield et al. 1995).  These South American river plumes may ultimately dominate wet season (and possibly dry season) nutrient flux in Guayaguayare Bay.  It was noted during scuba surveys of the Guayaguayare Bay relict reef system that there was a large sediment load that smothered the reef surface in many places.  This large sediment load was not from Guayaguayare Bay rivers (all of low turbidity).  Sedimentation is known to severely suffocate coral polyps (as happens in the Amazon River delta where, even though the waters off the Brazilian coast have an optimal temperature range to promote coral growth, the load of silt flushed into the Atlantic by the Amazon River inhibits their survival).  It is possible that the reef extinction in Guayaguayare Bay may thus be correlated to historical changes in continental coastal nutrient dynamics.

At the same time, it is recognized that there has been a parallel trend of recent anthropogenic disturbance in the Guayaguayare area, and likely concomitant increases in nutrient loading to local rivers.  Any management plan for the coastal resources of Guayaguayare Bay will have to address the lack of information about sources of nutrients and their relative contributions to the overall nutrient dynamics of the Bay.  If it is that South American rivers are the major sources of inputs, then any local management initiatives may be rendered largely ineffective.
5.12.9.2 Review of Existing Information

The “health” of aquatic systems has long been the concern of the users of these ecosystems and the wider society (Meyer, 1997).  The loss of functions that are provided by these systems through degradation tends to have far reaching consequences to their present and potential use. Freshwater ecosystems are particularly vulnerable to environmental degradation, as they are the recipients of the inputs of entire catchments.

The fish fauna of Trinidad are unique compared with that of the other islands in the insular Caribbean, most of which have no “true” freshwater fish. The freshwater fish species of Trinidad comprise mainly a stable “relict” population of species that are South American in origin, and date to the time when Trinidad was connected to the mainland (Kenny 1995). 

Due to its location and proximity to the South American mainland, frequent colonisations and extinctions can be expected on the island. This is due to the fact that there is a high probability that mainland species may transgress the relatively short oceanic barrier that separates the two landmasses. For freshwater fish, it was determined by Kenny (1995) that the oceanic barrier between the island and the mainland was easily surmountable for a variety of reasons. Firstly, surrounding oceanic currents facilitate movement to Trinidad. The South Equatorial Current flows along the east coast of South America towards the Southeastern tip of Trinidad. Here, it splits into two streams. One branch flows west to the Columbus Channel and the other North along the East Coast. With this strong current flow and short distance from Venezuela, there is no need for fish to be immersed in saline conditions for any extended period of time. 

Distance, along with current speed and direction mean that colonisations should be more frequent on the South Coast as opposed to the East Coast. Salinity readings also further support this hypothesis as, in the rainy season, salinity can reach 5-15 ppt along the South Coast and Southwest peninsula as well as in the Columbus Channel (Grade, 1961). 

Kenny (1995) discovered live freshwater species during a fishing trip between Icacos and Soldado Rock tentatively labelled as a Hydrolycus sp. It cements the theory that fish are able to survive in the surface waters particularly along the South Coast and lend credence to the South Coast having been classified as ‘Colonizing’ (Kenny 1995, Phillip 1998 and Price 1955). 

There is a constant pressure on the existing fauna on the island of being replaced or out-competed by these colonizers. This danger is further exacerbated by pollution and habitat degradation that serve to make habitats more conducive to the lifestyle of habitat generalists or ‘r-selected’ species. The possible impact of pollution on species diversity is particularly acute in reference to freshwater fish on the island. It is estimated that 70% of the fish in Trinidad and Tobago are classified as rare while 80% of these rarities possess a restricted geographic distribution or narrow habitat specificity (Phillip, 1998). Thus, impact upon even a small area can result in loss of significant diversity in the island. 

A wide variety of anthropogenic influences have interacted over time to pose a serious threat to the integrity of the fish populations on the island. Over fishing can serve to decrease populations to levels below what is considered to be a minimum viable population. Below this population level, the effects of inbreeding depression can serve to severely hinder the health of the population and can lead to their localized extinction. Apart from being a valuable food source, wild fish populations on the island have been a valuable source of stock for a well-developed aquarium trade that is centred on local species such as the guppies. In fact, it was concern over the future of this trade that served as the impetus for the commissioning of a survey of the freshwater fish in Trinidad by Price (1955).

Industrial activities have also been the source of much degradation of aquatic systems particularly during the period of the Dry Season that spans the period of January to May. The reason behind this lies in the temporal variation of rainfall experienced throughout the year. As a consequence, during the Dry Season, less dilution of effluents from factories is experienced and their effects on ecosystems are far more consequential as a result.

Phillip 1998 writes that, since the 1950’s, there has been variation in species richness, composition and distribution to extents that have been shown to vary according to the region of the country being studied. The estimated diversity for freshwater fish ranges between 37 and 43 species depending upon the survey used during this period and represents 7.4% of the vertebrate fauna on the island. In terms of composition, during this time, there were fifteen (15) introductions and twelve (12) local extinctions, with an estimated one (1) new species every year. It was estimated that 47% of the introductions were due to human activity and 43 % due to introduced exotics. Despite the large number of species that have found their way to the island, be it via human influence or natural processes, the species richness has remained relatively constant. This can be due to the fact that the fish communities on the island are saturated and hence, a species is added only at the expense of another.

What is important to note is that the majority of changes occurred among the South American fauna, characteristic of the South Coast. The high turnover rate and increase in species richness here could be due to disturbance generated by heightened settlement in the area, as well as due to oil production and exploration activity in the area. In 1980, when a distribution survey was conducted by Kenny (1995), the area was classified as one having a low level of disturbance. Since this time, the level of disturbance has increased to the point where it is considered to be intermediate in its intensity. This present condition may be the reason for the increased species richness over the period in question. This lies in the fact that some disturbance of an area increases the variety of habitats available for exploitation by the organisms present. Thus, opportunity is presented for other species to be able to exist in the area. It is worth noting that this increase in richness does not necessarily mean that more fish are present for capture. The increase in richness usually comes at the expense of the abundances of the individual species. Disturbance may have been more pronounced in some areas as opposed to others and instead of resulting in new habitats alongside the old ones it may have caused habitat conversions in the area resulting in a complete change in the fauna that could be supported. 

The following species, Ancistrus cirrhosus, Crenicichla alta, and Aequidens pulcer have since the time of Price (1955), extended their ranges southward. However, they were not as yet recorded in the study area at the time of Phillip 1998. Another interesting trend is evidenced in the southward movement of East Coast species. The migration of these fish from the east to the south coast seems counter-intuitive given the established current patterns. What is far more pragmatic is the possibility that these species have found themselves on this coast as a consequence of colonizing populations originating from the mainland. However, these fish are peripheral fish that are tolerant of saline conditions and thus one cannot completely deny the possibility that migration could have occurred within Trinidad. The species in question include Agonostomus monticola, Eleotris pisonis and Sicydium sp. Other species on the east coast that have the propensity to move south include Eleotris pisonis, Awaous taiasica and Gobiomorus dominor. 

Remaining with a focus on the south coast and on distribution patterns, another interesting characteristic of the fauna in this area comes into focus. This trait takes the form of a restriction in distribution of species to the Southwestern peninsular of the island. Namely, those in question include: Erythrinus erythrinus, Callichthys callichthys, Poecilia vivipara, and Dormitator maculatus. It is believed that these colonized the area just prior to separation from the mainland and that this peninsular was the last point of connection to the mainland. Thus, their presence in the study area would be of significant consequence given the hurdle of overcoming currents in the area to move eastward. Gephyrocharax valencia along with the aforementioned Erythrinus erythrinus are, in the opinion of Phillip, recent colonizers that are restricted to the south coast, although the former is more widely distributed along the coast.       

Within the survey by Phillips (1998), it was found that Astyanax bimaculatus had the potential to serve as a useful bioindicator of habitat quality. The species was selected as a test subject for this criterion due to its widespread distribution on the island. The rationale behind this conclusion lies in the fact that these species were not found in depauperate communities typical of severely disturbed habitats. Furthermore, it was noticed that its abundance and biomass was found to be negatively affected by pollution. 

The decapod fauna of Trinidad (and Tobago) has not had as much sampling effort to determine the species occurrence and distribution within the rivers of Trinidad. The efforts to comprehensively map the freshwater Decapod fauna in Trinidad have, over a series of temporally dispersed surveys dating back to 1894, cumulated to yield a total of 19 genera and 43 species of freshwater prawns. These have been collected from both freshwater and brackish waters and differ to the extents to which they conform to a typical freshwater species. The most recent and arguably most comprehensive single survey was conducted by Rostant (unpublished data) details a total of 15 genera and 27 species.  For these species, distributional maps were generated that incorporated data from as far back as Stonley (1971). Decapods may prove to be useful indicators of habitat change and habitat quality as they are quite specific in their requirement and very sensitive to pollution effects. However, decapod life cycles can be quite complex with a large percentage of the species spending most of their times either in a freshwater or marine environment but as juveniles residing in the opposite environment. Prawns, in particular, will live in freshwater but spawn and release their eggs to a marine or estuarine environment where it develops and young return to a freshwater environment as developed post-larvae.

Table 5.22: Fish observed by Kenny in his survey in the various zones of interest

	Family
	Species
	East Coast
	South Coast *

	Erythrinidae
	Hoplias malabaricus
	x
	x

	
	Hoplerythrinus unitaeniatus
	x
	~

	Characidae 
	Astayanax bimaculatus
	x
	x

	
	Hemmigramus unilineatus
	x
	x

	
	Corynopoma riisei
	x
	x

	Gymnotidae
	Gymnotus carapo
	x
	x

	Callichthyidae

 
	Corydoras aeneus
	x
	x

	
	Callichthys callichthys
	x
	x

	
	Hoplosternum littorale
	x
	~

	Loricariidae
	Hypostomus robinii
	x
	x

	
	Ancistrus cirrhosus
	~
	x

	Pimelodidae
	Rhamdia quelen
	x
	x

	Rivulidae
	Rivulus hartii
	x
	x

	Poecilidae
	Poecilia vivipara
	
	x

	
	Poecilia picta
	
	x

	
	Poecilia reticulata
	x
	x

	Nandidae
	Polycentrus schomburkgii
	x
	x

	Cichlidae
	Cichlasoma taenia
	
	x

	
	Aequidens pulcher
	
	x

	
	Crenicichla alta
	
	x

	
	Oreochromis mossambicus
	x
	~

	Eleotridae
	Eleotris pisonis
	
	x

	
	Dormitator maculatus
	~
	x

	Gobiidae
	Sicydium punctatum
	x
	x


* - Refers to the part of the South Coast other that the Southwest peninsula

Table 5.22:Major Freshwater Fish Species Found by Phillip (1998)
	Family 
	Species
	East Coast
	South Coast*

	Erythrinidae
	Hoplias malabaricus
	~
	x

	 
	 
	
	

	Gasteropelecidae
	Gasteropelecus stericla
	x
	~

	Characidae
	Astyanax bimaculatus
	x
	x

	
	Hemmigramus unilineatus
	x
	x

	
	Corynopoma riisei
	x
	x

	Callichthyidae
	Corydoras aeneus
	x
	x

	
	Hoplosternum littorale
	x
	x

	
	 
	
	

	Loricariidae
	Hypostomus robinii
	x
	x

	
	Ancistrus cirrhosus
	~
	x

	Pimelodidae
	Rhamdia quelen
	x
	x

	Rivulidae
	Rivulus hartii
	x
	x

	
	Poecilia reticulata
	x
	x

	Nandidae
	Polycentrus schomburkgii
	x
	x

	Cichlidae
	Cichlasoma taenia
	x
	x

	
	Aequidens pulcher
	x
	x

	Eleotridae 
	Gephrocharax valencia
	~
	x

	Characidae
	Roeboides dayi
	x
	x


Table 5.23: Decapod Fauna Recorded by Rostant (unpublished thesis)
	Family
	Species
	East Coast
	Within Study Area
	South Coast
	Within Study Area

	Portunidae
	Callinectes bocourti
	X
	~
	~
	~

	Xanthidae
	Panopeus rugosus
	X
	~
	~
	~

	Trichodactylidae
	Dilocarcinus dentatus
	X
	~
	X
	X

	Pseudothelphusidae
	Eudaniella garmani
	~
	~
	X
	X

	Palaemonidae
	Macrobrachium acanthurus
	X
	~
	X
	~

	
	Macrobrachium carcinus
	X
	~
	~
	~

	
	Macrobrachium faustinum
	X
	~
	X
	X

	
	Macrobrachium surinamicum
	X
	~
	~
	~

	
	Macrobrachuim jelskii
	X
	~
	X
	~

	
	Macrobrachium olfersii
	X
	~
	X
	X

	
	Macrobrachium crenulatum
	X
	~
	X
	X

	
	Palaemon pandaliformes
	X
	~
	X
	X

	
	Macrobrachium amazonicum
	X
	~
	X
	X

	Atyidae
	Atya scabra
	~
	~
	X
	X

	
	Potimirim glabra
	~
	~
	X
	X

	
	Potimirim potimirim
	X
	~
	X
	~


5.12.9.3 Current Survey of River Ecology

a) River Mouths

Methods

As described earlier, the study encompasses the Guayaguayare Bay area. Landward within Guayaguayare Bay there are five river systems that can be traced in the area of which four, St Hilaire, Pilote, Lizard and ‘Unnamed’, drain into Guayaguayare Bay. The Mouville River drains into an area of Mayaro Bay adjacent to the Galeota Peninsula but is included in the survey as the watershed is located within the Guayaguayare area.  

The rivers were sampled by of seining with a medium mesh net. An area of 20 metres was blocked at one end and a seine dragged from the other end to capture (if possible) the organisms in that area. 

For the larger Pilote and Lizard Rivers, it was not feasible to block these rivers, as they are quite wide and deep. In the case of these rivers, a more traditional method of seining, much like beach seining, was used where an arc was spread along the riverbank capturing the organisms found in this area. This was done within a 20-metre stretch on both sides of the bank and represents a semi-quantitative method of assessing fish populations.

Specimens were placed in plastic buckets with water from the river where they were identified, measured and then returned to the river they were caught in. Where identification was not possible in the field, the specimens were either kept alive for later identification or were preserved in 70% alcohol for later identification in the laboratory.
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	(a) Blocking the River
	(b) Seining
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	(c) Medium mesh net
	(d) Identification in the field


Plate 5Photograph 5.2.1 (d)   Seining procedures

Table 5.24: Fish and Decapod species recorded at river mouth sampling areas

	SPECIES
	River Mouth

	Common Name
	Scientific Name
	St Hilaire 
	Pilote 
	Lizard 
	‘Unnamed’ 
	Mouville 

	FISH

	Dusky Anchovy
	Anchoa lyolepis
	
	X
	
	
	

	Dwarf Herring 
	 Jenkinsia lamprotaenia
	X
	X
	
	
	

	Mutton Snapper
	Lutjanus analis 
	X
	
	
	
	

	Dog Snapper 
	Lutjanus jocu
	X
	
	X
	
	

	Flatfish 
	Trinectes maculatus
	X
	
	X
	
	

	Tongue
	Trinectes sp.
	
	
	X
	
	

	Marine catfish
	Arius herzbergii
	X
	X
	X
	
	

	Clingfish
	Gobionellus boleosoma
	X
	
	
	
	

	Snook
	Centropomus undecimalis
	
	X
	X
	
	X

	Freshwater Catfish
	Rhamdia quelens
	
	
	X
	
	

	White Mullet
	Mugil curema
	X
	
	X
	X
	X

	Checkered Puffer
	Sphoeroides testudineus
	
	X
	
	
	

	Carangid
	
	
	X
	
	
	

	Four-eyed Fish
	Anableps anableps
	
	
	
	
	X

	DECAPODS

	Cirrique
	Callinectes bocourti
	X
	X
	X
	
	

	Prawn
	Macrobrachium acanthurus
	
	X
	
	
	

	Shrimp
	Farfantepeneaeus subtilis
	X
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	 (a) St Hilaire River 
	 (b) Pilote River 
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	 (c) Lizard River
	 (d) ‘Unnamed’ River


Plate 6    Photograph 5.2.1 (e):   River Mouth Sampling Areas
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	 (a) Mouville River (mouth) 
	 (b) Brochet
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	 (c) White Mullet
	 (d) Four-eyed Fish


Plate 7   Photograph 5.2.1 (f): Sampling Areas and Representative Fish
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	 (a) Flatfish
	 (b) ‘Silverside’
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	 (c) Mutton Snapper
	 (d) Dog Snapper


Plate 8 Photograph 5.2.1 (g):  Representative Fish Collected

Results
All five rivers, irrespective of size, demonstrated a strong marine influence. All five sites had mangroves growing on the sides of the riverbank. The size of the area where the mangroves were found depended on the size of the river. In the case of Pilote and Lizard Rivers, the areas covered by mangrove are quite extensive and comprised of a system of Red Mangrove (Rhizophora spp) in low-lying areas and Black Mangrove (Avicennia germinans) on slightly higher ground. The limitation to mangrove presence lies on the hydrological connection of the sea to the river at high tide and the tendency of estuarine water to flow into the areas past the riverbanks during high tide.  The smaller rivers had much less mangrove but a similar distribution of Red Mangrove and Black Mangrove, limited to stands a few trees deep. The St Hilaire River is unique in that the low-lying areas inland have a greater area of mangroves than expected. 

The fish assemblages of these rivers show a strong marine influence. The species that were captured were almost entirely marine in origin and includes species considered as food fish. It would then be safe to say that these areas provide nursery areas for fish that are of commercial importance. These species include White Mullet, Snook, Dog Snapper and Mutton Snapper. 

A comparison of sampling results is possible as St Hilaire River was sampled for fish in 2002 (Ramjohn et al 2002). There is a strong similarity between the two sampling periods with Flatfish (Trinectes maculates), Penaeid shrimp and Cirrique (Callinectes bocourti) occurring in both samples.  However, in the present survey, juvenile snappers and mullet were recorded in the seining exercise (in the 2002 sampling period Mullet species were noted but escaped capture). The presence of the snappers may be seasonal in nature, which would explain their absence in the previous survey.

Diversity was similar in the rivers, with seven species recorded in each of St Hilaire, Pilote and Lizard Rivers. ‘Unnamed’ and Mouville Rivers had fewer species occurring at the river mouth but were dominated by juvenile White Mullet of varying size and juvenile Snook respectively. The importance of these species cannot be underestimated, as they are both commercial marine species. All the rivers had Callinectes spp, which seem to be an important component of these ecosystems. While of less commercial value (although they are sold and eaten), these species may be important keystone species in aquatic ecosystems and may be important to the cycling of food materials within these systems.

In Febuary 2004 IMA conducted surveys of six major river mouths. The methods of survey involved the use of a 17-m beach seine.  The seine was of 1-cm mesh with floats on its head rope and a weighted footrope.  These samples were collected at the discharge points of the each river within the near shore environment and intertidal zones. The seine was deployed from the beach to the west (i.e., downcurrent) of each rivermouth.  The seine was first deployed perpendicular to the shore to a workable depth (generally ~1.5 m) and the leading end was pulled out in a semicircle and then back in to shore.  This procedure covered a sampling area of ~450 m2.  A table, map of the sample locations are provided in Appendix B.

Many of the families reported as being present within the areas surveys by IMA however the net catch reported appered to include a larger proportion of marine species. A list of all the species caught by the IMA during surveys conducted on Feburary 12th 2004 is presented below.  

	
	FAMILY
	SPECIES
	#

	Rivermouth Station 1

	Invertebrates
	Portunidae
	Callinectes danae
	1

	Fish Fauna
	Engraulidae
	Anchoa sp. 1
	1

	
	Carangidae
	Trachinotus sp.
	2

	Rivermouth Station 2

	Fish Fauna
	Haemulidae
	Conodon nobilis
	1

	RIVERMOUTH STATION 3

	Fish Fauna
	Carangidae
	Trachinotus sp.
	3

	
	Engraulidae
	Anchoa sp. 1
	2

	Rivermouth Station 4

	Fish Fauna
	Engraulidae
	Anchoa sp. 1
	36

	
	Haemulidae
	Conodon nobilis
	4

	
	Ariidae
	Arius sp. 1
	1

	
	Polynemidae
	Polydactylus virginicus
	2

	Rivermouth Station 5

	Invertebrates
	Portunidae
	Callinectes danae
	2

	
	Penaeidae
	Penaeus subtilis
	1

	Fish Fauna
	Sciaenidae
	Menticirrhus sp. 1
	1

	
	Ariidae
	Arius sp. 1
	1

	
	
	Arius sp. 2
	1

	
	Haemulidae
	Haemulon sp. 1
	1

	Rivermouth Station 6

	Invertebrates
	Penaeidae
	Penaeus subtilis
	1

	
	Portunidae
	Callinectes danae
	4

	Fish Fauna
	Haemulidae
	Conodon nobilis
	2

	
	
	Haemulon sp. 1
	2

	
	Sciaenidae
	Menticirrhus sp. 1
	2

	
	Carangidae
	Caranx hippos
	3

	
	
	Caranx sp. 2
	1

	
	Ariidae
	Arius sp. 1
	1


Four-eyed Fish (Anableps sp.) were also observed in the intertidal- and surf zones at all river mouths (they are abundant in intertidal areas throughout the Bay) although they evaded capture in all instances. Anableps sp. is an intertidal specialist found in fresh, brackish or even pelagic waters, eating insects, other invertebrates and diatoms above and below the water line or on the substrate, and small fishes.  Although not commercially important, their large numbers (sometimes in schools of >200 individuals) indicate that they may be a key secondary consumer in the littoral zone, as well as prey for fish and bird predators. 

Among the finfish caught, the Zelwan (Trachinotus sp.) is an excellent food fish and an esteemed game fish caught on light tackle, and the Crocro (Conodon nobilis), Grunt (Haemulon sp.) and Jack Crevalle (Caranx hippos) are commercially important. Of the invertebrates caught, the southern brown shrimp (Penaeus subtilis,) is of commercial importance.  Although marine crabs (Callinectes sp.) are of major commercial importance elsewhere, there appears to be cultural resistance to consumption in Trinidad.  None of the species encountered is currently considered to be either rare or endangered.

 Data collected by IMA identified that :
All the fish species identified at the sampling stations are typical of inshore waters of Trinidad.  Although the surf zone is not traditionally regarded as a nursery area, it was noted that all the captured specimens were juveniles.  There were increases in both species and numbers from Station 1 towards Station 6 (i.e., from west to east in the Bay).  This, coupled with the presence of juveniles, suggests that the more sheltered eastern areas of the Bay may house more important nursery habitats for these species.  It remains unknown whether there is a statistical correlation between these lower-energy habitats and their possible utilization as nursery areas.  Several of the species encountered attain substantially larger adult sizes in the pelagic zone.  However, the significance of Guayaguayare Bay for larval recruitment, and thus indirectly to regional adult recruitment, are presently also unknown.

b) Upper River Sites

Methods
As described earlier, the five river systems located in the area were sampled by the use of seining with a medium mesh net. This method of seining was repeated to upland sites where it was felt that a more ‘terrrestrial’ (or freshwater) influence would be observed. Wherever accessible points were located, the methodology was repeated in order to assess aquatic fauna.

Specimens when collected were placed in plastic buckets with water from the river where they were identified, measured and then returned to the river they were caught in. Where identification was not possible in the field, the specimens were either kept alive for later identification or were preserved in 70% alcohol for later identification in the laboratory.

Results
The upper sites at the rivers in Guayaguayare Bay showed a more terrestrial influence with the exception of St. Hilaire River. The St. Hilaire River remains an anomaly due to its particular hydrological characteristics. The catchment of this river includes Virgin Hill to the south and Gros Morne to the north (which is part of the Victoria Mayaro Forest Reserve) running between these two systems on relatively low-lying land. The low-lying nature of this river potentially allows a high saline influence into the catchment at high tide. This results in a fish fauna that is very strongly influenced by marine conditions. As a result, the fish fauna at this upper site is almost indistinguishable from the river mouth site. The presence of Snook, Flatfish and Penaeid shrimp is very similar to the fish assemblage at the river mouth site.  However, the presence of Eleotris pisonii and Dormitator maculates shows the presence of a ‘peripheral’ fish fauna, species associated with estuarine conditions. This group tolerates estuarine conditions and while not classified as freshwater fish can be found in rivers and streams with no saline influence. Dormitator has been described by Kenny (1995) as occurring at Bamboo Grove Fish Farm in the St Joseph River.

The presence of Eleotris and Dormitator is significant as they are described as species that have the tendency to expand their range along the south coast. Dormitator has been described from southwest Trinidad and its presence so far east is unusual.

The Mouville River gave a surprising assemblage of freshwater fishes including, Flat-Head Cascadu (Callichthys callichthys) Brown Coscorub (Cichlosoma taenia) Sardine Doree (Astaynax bimaculatus).  Flat-Head Cascadu or Chato are a smaller species in comparison to the commercial species that is caught and sold in markets. There are gaps in the knowledge of the distribution of this species in Trinidad and considered to have a restricted distribution and to be localised. Where they occur this species is hunted as a food fish (pers. comm. S. Lucas).

As described earlier, Astyanax is an indicator of good water conditions and its presence at this site, which was at the village with schools close by, shows that the headwaters of this stream provides water of sufficiently good quality.  

The Lizard River gave unusual results, possessing a large number of Snook (Centropomus). The site cannot be considered as estuarine in nature but the presence of these fishes may be due to the heavy rains and flood conditions. This may have allowed these fishes to penetrate much further into the catchment than usual as the flood waters receded.
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	 (a) Mouville River
	 (b) ‘Unnamed River’

	[image: image27.jpg]



	[image: image28.jpg]




	 (c) St Hilaire River
	 (d) Contents of a seine on ‘Unnamed’ River


Plate 9  Photograph 5.2.1 (h): Upper River Sites
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	belligerent Dilocarcinus dentatus 
	‘Blue Crab’ (Eudaniella sp.)
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	‘Zange’ Synbranchus marmoratus (Lab identification)
	Sleeper (Dormitator maculates)


Plate 10  Photograph 5.2.1 (i): Fish Species Collected at Upper Sites
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	Flat-head Cascadu (Laboratory identification)
	Eleotris pisonii
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	Rhinoclemmys punctularia (Galap)
	Kinosternon scorpioides (Galap)


Plate 11   Photograph 5.2.1 (j) : Species Collected
Table 5.24: Fish and Decapod species recorded at Inland River Sampling Areas

	SPECIES
	RIVER

	Common Name
	Scientific Name
	St Hilaire
	Pilote 
	Lizard 
	‘Unnamed’
	Mouville 

	FISH

	Snook
	Centropomus undecimalis 
	X
	
	X
	
	

	‘Guabine’
	Eleotris pisonis
	X
	
	
	
	

	Guppy
	Poecilia picta
	X
	
	X
	
	

	
	Poecilia reticulata
	
	X
	
	
	X

	Flatfish
	Trinectes maculatus 
	X
	
	
	
	

	Sleeper
	Dormitator maculates
	X
	
	
	
	

	Glass Sardine 
	Roboides dayei
	
	X
	X
	
	

	Zange
	Synbranchus marmoratus
	
	
	
	X
	

	Brown Coscarub
	Cichlosoma taenia
	
	
	
	
	X

	Sardine Doree
	Astynax bimaculatus
	
	
	
	
	X

	Jumping Guabine
	Rivulus hartii
	
	
	
	X
	X

	Catfish
	Rhamdia quelen
	
	
	
	
	X

	Chato or Flat-head Cascadu
	Callichthys callichthys
	
	
	
	
	X

	King Coscorub
	Polycentrus schombekii
	X
	
	
	
	

	DECAPOD

	Prawn
	Palaemon pandaliformes
	
	
	X
	
	

	shrimp
	Peneaid sp
	X
	
	
	
	

	Cirrique
	Callinectes bocourti
	
	X
	X
	
	

	Blue Crab
	Cardisoma guanahumi
	
	
	
	X
	

	Crab
	Dilocarcinus dentatus
	
	
	
	X
	


5.1.10     Conclusions

This limited seasonal biodiversity survey that summarises the available data for the Guayaguayare Bay area has shown the high diversity that occurs in the area. A total of 147 species of birds has been recorded from previous surveys together with the work performed for this study. The rivers that were assessed for the study revealed, 12 species of marine fish that enter river mouth, 3 ‘peripheral’ fish species that occur in estuarine and freshwater and 9 freshwater fish species. The distribution data for one freshwater species and one peripheral species was expanded through the survey. In addition to vertebrate aquatic fauna, three species of crab, 2 prawn species and 1 shrimp species were encountered. Two representative sites in the Guayaguayare area Points J and K, in combination, gave 35 species of forest trees. The wider coastal area, secondary forest and Point J and K revealed 29 species of butterflies. The forest habitat within the Gran Cayo, Beachfield and Abyssina areas appeared significantly disturbed. Site walks and plot samples conducted identified that most areas were under going some form of successional regeneration. The Gran Cayo area consisted of an association of coconut and mixed seasonal evergreen forest with a predominance of White Mahoe, Acurel, Sandbox and Acoma within heavily forested areas. Beachfield was a mosaic of forested and non-forested area created by the oil and gas. Forest communities all exhibited some form of ‘edge effect’ and lacked any notably mature trees. Associations of Sandbox and Immortelle trees, characteristic of disturbed forest habitats were predominant within this region. Beyond Beachfield, north of the NGC Abyssina Pumping station is a seemingly undisturbed stand of Mora. This area appeared to be a combination of Mora forest and a seasonal evergreen Mixed faciation.

Wetland systems

5.12.10 Methodologies

5.12.10.1 Floral Survey

A literature search was conducted to obtain information on the coastal and marine ecosystems in Guayaguayare Bay.  Documentation was sought primarily from the libraries of the following agencies: Institute of Marine Affairs, University of the West Indies, EMA and bpTT.  The wetlands in Guayaguayare Bay were demarcated, and land cover was determined using a 2001 IKONOS Image (1-m resolution), remote sensing software (PCI Easi/Pace) and field surveys.  Changes in size and plant community structure of these wetlands were examined by overlaying the 2001 vectors unto the 1942 and 1962 aerial photographs, and the 1977 topographic map (series E804) based on 1969 aerial photographs.

Field surveys and ground-truthing of wetlands were conducted in January 2004.  The structure and composition of the mangrove forests were investigated following a methodology outlined in Snedaker and Snedaker (1984) and CARICOMP (1994).  10 m ( 10 m plots were established within each wetland area.  Canopy height and circumference at breast height (CBH) of all trees within each plot were measured.  These measurements were used to determine density and basal area.   Density was reported as number of trees within 0.01 ha plots.  Basal area (B) was calculated using the equation:

B = 0.00007854 d2

where d = dbh in cm (Cíntron and Novelli 1984). Basal area for individual trees was summed together for each plot. Floral and faunal species observed in the mangrove swamp during surveys were recorded.  Surface water salinity in the mangrove was measured with an A366ATC handheld refractometer, and pH was measured with a pH pen.

5.12.10.2 Prop Root Fauna and Epifauna Survey

The prop root and epifauna in the Point Galeota wetlands were surveyed.  For the prop root survey, twenty roots were randomly selected from the red mangrove fringe.  The surface area of root covered by fauna and flora was determined.  Species on the roots were identified using standard texts and their relative abundances determined.  The epifauna was sampled using a method adapted from Snedaker and Snedaker (1984).  Transects were placed in the different mangrove forest (A, C, D) in Point Galeota. 50 ( 50 cm (0.25 m2) quadrats were randomly laid on either side of the transect at regular intervals.  Everything that fell within the quadrats was collected, counted and identified, using standard texts and museum specimens.  Fresh crab holes were counted. All macrofaunal species seen within the mangroves were collected and identified.

5.12.10.3 Avifaunal Surveys

For avifauna, morning surveys (6:00 a.m. to 10:00 a.m.) in the Galeota Swamp were conducted on January 14th and February 10th, 2004.  Surveys were conducted by walking into:

1) the northern section of the system, from the Isthmus road;

2) the southern section of the system, from a coastal access road that runs along its southern border.

Along each transect, all the birds sighted or heard at points along the line were recorded.  The detectability distance was thus variable, depending on mangrove density.  A relative abundance DAFOR scale (Dominant, Abundant, Frequent, Occasional, Rare) was used.

5.12.10.4 Other fauna

During field work times in the various wetland systems, all other fauna that were observed were recorded.  In addition, it was decided to sample for small mammals/animals using large Sherman Traps (10 cm ( 12 cm ( 38 cm) in the Galeota System.  20 traps were deployed along a transect line at the southern border of the Galeota mangrove for three nights (i.e., 60 trap nights).  A single trap was placed at each station and baited using chopped pieces of dried coconut kernel.  From February 9-11, 2004, traps were deployed between 3 p.m. and 5 p.m., and retrieved between 6 a.m. and 8 a.m. on subsequent mornings.
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Plate 12.  Sherman Traps after a Thorough Washing Before Deployment.

Figure5.19:  Location of Wetland Systems in Guayaguayare Bay & Showing Locations of Avifaunal Transects in Mangrove.
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5.12.11 St. Hilaire Swamp

A small estuarine mangrove fringe exists at the mouth of the St. Hilaire River (Figure 5.19, Plate 12).  This mangrove area is 0.4 ha, and is a mixture of red (Rhizophora mangle), white (Laguncularia racemosa) and black (Avicennia germinans) trees.  Average diameter at breast height (DBH) of the red mangroves was 14.0 ( 5.5 cm, average DBH for white mangroves was 21.5 ( 9.9 cm, and average DBH for black mangroves was 27.0 ( 18.3 cm.  There was coastal thicket including coconuts (Cocos uvifera), seaside mahoe (Hibiscus tiliaceus) and hogplum (Spondias mombin) near the coast.  The small size of this system precluded any analysis of recent historical changes in vegetative cover.

[image: image39.jpg]



Plate 13. Mangrove Fringe Along the St. Hilaire River.
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Plate 14. Leaves of the Black Mangrove in the St. Hilaire Swamp Showing Signs of Disease/Infestation.

5.12.12 Rustville Swamp

The Rustville swamp is a mangrove-dominated estuarine system that has developed along the lower banks of the Lawai River. The current extent of this wetland system based on a 2001 IKONOS image is 45.1 ha, of which 36.3 ha (67%) is mangrove forest.  Other plant communities within the swamp include marsh vegetation near the river bank to the north, scrub vegetation along the southern periphery and near the river mouth, and extensive mangrove fern (Acrostichum aureum, A. danaeifolium) communities. From the Land and Surveys 1977 topographic map, mangrove area was estimated at 80 ha.

The Rustville mangrove forest comprises the Red-White-Black (Rhizophora-Laguncularia-Avicennia) association.  White mangrove (Laguncularia racemosa) was dominant in the northern, western and southeastern periphery of this forest.  Few large black mangrove (Avicennia germinans) trees were interspersed among the white mangroves.  Closer to the river mouth, red mangrove (Rhizophora mangle) was dominant, and was seen fringing some areas of the Rio Claro - Guayaguayare Road.  Density ranged from 21-66 trees /0.01 ha.

Between the road and the mangrove forest, a zone of scrub vegetation was observed.  This zone extended from less that 1 m in some areas to more that 5 m in others.  Species observed included bull grass (Paspalum fasciculatum), coconuts (Cocos uvifera), Heliconia hirsuta, seaside mahoe (Hibiscus tilaceus), hogplum (Spondias mombin), and Scleria sp.  Within, and adjacent to, the mangrove forest there were pure stands of mangrove fern (Acrosticum aureum, A danaeifolium) (Plate 14).  These were also reported by Ramcharan et al. (1984) and IMA (1996).  Roseau palm (Bactris sp.) was also observed on elevated areas within the forest.  The Rustville Swamp is a tidal system.   Surface salinity ranged from 10 ‰ near the river mouth, where the system is flushed regularly by the river, to 20 ‰ in the landward side, where flushing is irregular.  pH ranged between 6.5 and 7.6.
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Plate 15.  Mangrove Fern (Acrostichum aureum and A. danaeifolium) Community at the Edge of the Rustville Swamp.

Table 5.25:Summary of Structural Measurements for Rustville Mangrove Forest.

	Location
	Density

# trees/ 0.01ha
	Species
	Ave DBH (cm) ( SD
	Basal area m2 ha-1
	Canopy ht. (m)

	Landward side (northwest) 
	66
	62 black mangrove

4 white mangrove
	8.4 ( 3.5
	42.2
	12-14

	Landward side, (west)
	21
	21 white mangrove
	13.7 ( 8.5
	42.6
	14.2

	Seaward side, west of Lawai River
	26
	19 red mangroves

7 white mangroves
	10.8 ( 5.0
	28.8
	8-11.9

	Eastern side, 75 m from main road
	56
	56 white mangroves
	7.3 ( 2.2
	45.6
	9-12.7

	Southeastern periphery, near main road
	61
	58 white mangroves

3 red mangroves
	7.3 ( 3.0
	30.0
	7.5-11.9
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Figure5.20: Changes in the Wetlands in Guayaguayare Bay from 1942 to 2001.

5.12.13 Lizard River System

A mangrove-dominated estuarine system exists near the mouth of the Lizard River (Plate 15).  This wetland is 20.6 ha, of which 18.4 ha is mangrove forest.  Other plant communities included in the wetland are marsh grasses and mangrove fern (Acrostichum aureum).  Red and white mangroves were observed on the western side of the riverbank.  The red mangroves were found parallel to the road while the white mangroves were observed closer to the river bank.  The red mangrove trees were large with extensive prop root and aerial root systems.  The canopy was close and seedlings were not observed.  The forest floor was mostly flooded.  Surface salinity was 2 ‰ and pH was 7.4.  A concrete path was present on the western bank of the river, as this area is used for recreational fishing.  The bank was sandy with beach vegetation including seabean (Canavalia), Brachypterys, and coconuts.

East of Lizard River mouth, red mangrove was also dominant.  This area was much denser that on the western bank of the river.There was a larger amount of smaller trees.  Average DBH was 7.7 ( 3.8 cm compared to 22.1 ( 4.3 cm on the west side.  There were many saplings in this area with DBH < 2.5 cm.  The substrate was unconsolidated.  Surface salinity was 7 ‰ while pH was 7.0.  This mangrove area, especially near the edge of the road is use for dumping of garbage.

North of the cleared area, in the landward side of the swamp white mangrove was dominant.   This area was densest with many small white mangrove trees (Average DBH= 4 ( 1 cm), interspersed with a few large black mangroves (Average DBH = 8 ( 4 cm).  The canopy in this area was open and a large amount of white and black mangrove seedlings were observed.  Salinity of the surface water was 9 ‰ and pH was 7.1.  The reclaimed mangrove area (1.2 ha) is now colonized by grasses such as Cyperus sp., Panicum sp., Mimosa pudica, and Sporobolus virginicus.  
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Plate 16.  Mangrove Forest on the Bank of the Lizard River.
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Plate 17.  Cleared Mangrove Area 300 m East of Lizard River. Area is being colonized by grasses.
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Plate 18.  Red Mangrove Forest west of Lizard River Mouth, with Dense Prop and Aerial Root Network.

Table 5.26.  Summary of Structural Measurements for Lizard River Mangrove Forest.

	Location
	Density

# trees/ 0.01ha
	Species
	Ave DBH (cm) ( SD
	Basal area m2 ha-1
	Canopy ht (m)

	Seaward side, west of Lizard River mouth
	5
	5 red mangrove
	22.1 ( 4.3
	19.8
	11-12

	Seaward side, east of Lizard River mouth
	23
	22 red mangrove

1 white mangrove
	7.7 ( 3.8
	12.5
	11-12



	Northeast of Lawai River mouth
	47
	43 white mangroves

3 black mangrove 

1 red mangroves
	4 ( 1

8 ( 4
	8.9
	8-9.4


5.12.14 Point Galeota Wetland

The wetland on Point Galeota consists mainly of patches of basin and fringed type mangrove forest with some open water areas (Figure 5.11). The contiguous wetland was estimated to be 39.3 ha using a 2001 IKONOS image, of which 30.5 ha (77.6 %) is mangrove forest.   Mangrove forests occur in four areas (Figure 5.11):  Forest A (8.1 ha), which includes open water areas, Forest B (10.4 ha), Forest C (11.4 ha), which extends all the way to the jetty, and Forest D (0.5 ha), which is on the southern end of the road.  Other plant communities within the wetland include brackish marsh, coastal thicket, and mangrove fern (Acrostichum aureum).

Forest A is a mixed system with red mangrove, white mangrove, black mangrove and buttonwood mangrove (Conocarpus erectus).  The buttonwood mangrove together with coastal thicket occurs along some areas of the coastline.  Further south, a thin zone of red mangrove (< 20 m wide) extends more than 200 m along the coast (Plate 17).  These red mangrove trees were short (mean height 7.1 m) with a dense prop roots network.  The prop roots closer to the sea were colonized by macrofauna.  Inland of the red mangrove zone is a mixed white and black mangrove basin system.  This mixed basin system is within a depression and is flooded by numerous channels or streams.  The mangroves occur in clumps (4-6 trees) on slightly higher ground (Plate 18).  Forest density in this area was 37 trees/ 0.01 ha, and all the trees within the plot were tall white mangroves with relatively small DBH.  This area of forest had few, very large black mangrove trees interspersed among the white mangroves.  Average DBH for the black mangroves was 177 ( 55.7 cm. The smaller white mangrove trees in this area have been cut, most likely to be used as fishing poles.  This basin system is not flooded by tides, and the water is stagnant.  There is the smell of hydrogen sulphide (H2S).  In the dry season, it dries out.  Surface salinity was 0 ‰, and pH was 7.6.  In the higher areas, the forest floor is covered by leaf litter.
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Plate 19.  Red mangrove fringing coastline along Point Galeota.

On the landward side of this area, red mangrove trees dominated the system  (Plate 19).  They were intermixed with white mangroves, while there were some large black mangroves along the edge of the forest.  Forest density in this area was much lower (13 trees/ 0.01 ha).  Both the red and white mangrove trees were much larger than in the seaward side.  Average DBH of the red mangroves was 17.7 ( 11.8 cm, average DBH of the white mangroves were 17.5 ( 7.8 and average DBH of the black mangroves was 71.8 ( 7.3.  Average height of canopy was 17.9 m. The forest in this area was flooded.  Surface salinity was 3 ‰, while pH was 7.2.

Table 5.27:  Summary of Structural Measurements for Point Galeota Mangrove Forests

	Location
	trees/ 0.01ha
	Species
	Avg. DBH (cm) ( SD
	Basal area

m2 ha-1
	Canopy ht (m)

	Forest A

Mixed basin system
	37
	37 white mangrove
	10.6 ( 2.7
	34.8
	12-13.8

	Forest A

Landward side
	13
	9 red mangrove

4 white mangrove
	17.7 ( 11.8

17.5 ( 7.8
	42.0
	15-17.9



	Forest C

Inland area
	21
	13 white mangroves

8 black mangrove 
	11.7  ( 5.1

15.2 ( 6.5
	33.2
	12-15.4
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Plate 20.  Basin System with white and Black Mangrove Growing in Clumps in Slightly Higher Ground.
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Plate 21:  Red Mangrove Dominated forest seen on the western side of Point Galeota from the Point Galeota Road.

On the southern periphery of Forest A, a track was cut by a farmer to access agriculture plots in upland areas adjacent to the mangrove forest.  Dead mangrove trees were observed along the track and the area is used as a garbage dump site.  

Forest C is the most extensive mangrove area on Point Galeota. This forest is mixed with red, black, white and buttonwood mangroves.  Black and white mangroves were more abundant in the southern end near the Port. Forest density in this area was 21 trees /0.01 ha.  A dense red mangrove area was found northeast of the port along a tidal channel.  Small red mangrove areas also fringed the coastline where the substrate is less consolidated.  On both the seaward side and landward side of Forest C there were tidal marshes dominated by Eleocharis sp., Cyperus sp. and Fimbristylis sp., and coastal thicket dominated by seaside mahoe (Hibiscus tiliaceus).  A patch (approximately 20 m ( 20 m) of dead white and black trees was observed within this forest, but there is some re-colonisation as seedlings were observed among the dead trees.  The white and black mangrove trees in Forest C are showing signs of infestation/disease similar to that observed in St. Hiliare swamp.

The mangrove area D is a small basin area with predominantly small white mangrove trees (< 8 m in height) that is adjacent to the oil complex.  A pipeline passes through the entire length of this area. A pure stand of mangrove fern Acrostichum aureum occurs west of the mangroves.  This species is associated with disturbed mangrove communities.  Forest D was continuous with forest C, but was separated by the construction of a road leading to the port facility.

5.12.14.1 Prop root community and Epifauna

The prop root community is restricted to a few red mangrove trees fringing the western coastline of Point Galeota.  The prop root fauna on the eastern coastline was not investigated, since the study focused on Guayaguayare Bay.  The main red mangrove fringe occurs on the seaward site of Forest A growing on sandy substrate.  The average area of the prop root occupied by fauna and macroalga is 465 ( 93 cm-2.  Fauna extended up to 58 cm along the length of the root.  The species recorded in the intertidal zone were Balanus amphitrite amphitrite, Balanus recticulatus (Barnacle) and Crassotrea rhizophorae (mangrove oyster).  

B. recticulatus was the dominant species in the upper, middle and lower intertidal zone.  One oyster (Crassotrea rhizophorae) was found in the mid zone of the twenty roots randomly sampled.  We were informed by a villager that the oysters were sometimes harvested for consumption and that they were not very abundant.  Macroalga (Enterophora sp. and Bryopsis sp.) were found on the mangrove roots in the lower intertidal zone.   The prop root fauna in this area is not as diverse as in the Caroni Swamp estuary (Bacon 1970), the Godineau Swamp (Mills 2003) or the fringing Bon Accord Lagoon mangrove forest (Juman 2003).   Barnacles dominated the fauna in this area.

Above the intertidal zone, gastropods Thais rustica, Littorina angulifera and L. nebulosa were present.  Littorina sp. was numerically abundant and was found on more red mangrove trees than T. rustica, a larger gastropod that was only observed on few mangrove trees.

The only epifaunal group recorded in the Point Galeota wetland areas during surveys were crabs (Uca sp., Cardisoma guanhumi, Goniopsis cruentata and Ucides cordatus) and ants.  Molluscs were not observed on the forest floor, only on the tree trunks.

In the seaward side of Forest A, the Fiddler crab (Uca sp.) was relatively abundant.  The substrate in this area was moist and covered with leaf litter.  There was also a large amount of breathing roots (pneumatophores).  The mean density of Uca crab holes was estimated at 10 m-2.  It ranged from 0 to 24 holes m-2. The only other eipfauna recorded observed this area was ants.  Further inland, there was no evidence of epifauna in areas previously flooded but now dried out.  However in the harder substrate in the landward end of Forest A, Blue Crab (Cardisoma guanhumi) was relatively abundant.  Mean density of Blue crab holes was 4 holes m-2, while mean density of Uca crab holes was 3 holes m-2.  Bamboo crab traps were observed in this area.
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Figure 5.12.  Faunal Density at Difference Zones of the Red Mangrove Prop Root

In Forest C, Blue and Hairy (Ucides cordatus) crabs were relatively abundant in the southern side of the forest among the white and black mangroves.  In this area the substrate was firm and covered with dried leaf litter.  Mean density of crab holes was 3 holes m-2, ranging from 0 to 12 holes m-2.  Uca sp. was not observed in this area, but was found together with the swimming crab (Goniopsis cruentata) further north among the red mangrove prop roots.  Goniopsis cruentata was the most abundant species seen among the red mangrove prop roots especially where the mangrove fringe the tidal channel.  Mean density of Goniopsis cruentata was 16 crabs m-2. This species was also relatively abundant among the red mangroves in the Rustville Swamp.  

In the eastern (landward) side of Forest C, both Uca and Blue crabs were relatively abundant among the black, white and red mangroves.  The substrate in this area was moist and unconsolidated.  Mean density of Uca holes was 22 holes m-2 ranging from 0-76 holes m-2, while for Blue crab holes it was 14 ( 8 holes m-2.  This area had the densest epifaunal community.

In forest D, Uca, Blue and Hairy crabs were observed in the upland areas, on the periphery of the swamp where the substrate was firm.  In the middle depression, which was flooded but now drying out, epifauna was not observed.  Mean density of Blue and Hairy crab holes was 2 ( 1.7 holes m-2, while for Uca mean density was 2 ( 2.5 holes m2.  While the Blue and Hairy crab holes were distributed throughout the upland areas of Forest D, Uca crab holes were found in clusters in some areas.

5.12.15 Avifauna

A total of 38 species was recorded during the present survey with 9 species spotted at other times (including 5 species previously not encountered).

Table 5.28:  List of Avian Species Found in the Galeota Mangrove System.

	#
	COMMON NAME
	SCIENTIFIC NAME
	ABUN.
	HABITAT
	STATUS

	1
	Bananaquit
	Coereba flaveola
	O
	Every habitat with Trees
	Abundant Resident

	2
	Bare-eyed Thrush
	Turdus nudigenis
	O
	Open Savannah and Cultivated areas
	Common Resident

	3
	Bicolored conebill
	Conirostrum bicolor
	R
	
	

	4
	Black Vulture
	Coragyps atratus
	O
	Over Forest or Town
	Common Resident

	5
	Black-crested Antshrike
	Sakesphorus canadensis
	A
	
	

	6
	Blue-black Grassquit
	Volatinia jacarina
	O
	Savannahs and Semi-open Areas
	Common Resident

	7
	Blue-gray Tanager
	Thraupis episcopus
	F
	Open woodland and Cultivated Areas
	Abundant Resident

	8
	Cattle Egret
	Bubulcus ibis
	F
	
	

	9
	Clapper rail
	Rallus longirostris
	R
	Fresh & salt water marshes inc. mangrove
	

	10
	Copper-rumped Hummingbird
	Amazilia tobaci
	O
	Marshy Savannahs
	Common Resident

	11
	Crested Oropendola
	Psarocolius decumanus
	O
	Forest and Cultivated Areas
	Common Resident

	12
	Eared Dove
	Zenaida auriculata
	R
	
	

	13
	Ferruginous Pygmy-Owl
	Glaucidium brasilianum
	R
	
	

	14
	Grayish Saltator
	Saltator caerulescens
	O
	
	

	15
	Great Blue Heron
	Ardea herodias
	R
	
	

	16
	Great Kiskadee
	Pitangus sulphuratus
	O
	Semi-open Areas
	Common Resident

	17
	Greater Ani
	Crotophaga major
	R
	
	

	18
	Little blue heron
	Egretta caerulea
	O
	
	

	19
	Osprey
	Pandion haliaetus
	R
	
	

	20
	Northern Waterthrush
	Seiurus noveboracensis
	O
	
	

	21
	Palm Tanager
	Thraupis palmarum
	O
	Forest Edges and Secondary Growth
	Common Resident

	22
	Ruddy Ground-Dove
	Columbina talpacoti
	O
	Open and Semi-open Cultivated Areas
	Common Resident

	23
	Silvered antbird
	Sclateria naevia
	R
	
	

	24
	Smooth-billed Ani
	Crotophaga ani
	O
	Semi Open Country and Cultivated Areas
	Common Resident

	25
	Snowy Egret
	Egretta thula
	O
	
	

	26
	Southern Lapwing
	Vanellus chilensis
	R
	
	

	27
	Spotted Sandpiper
	Actitis macularia
	O
	
	

	28
	Striated (Green-Backed) Heron
	Butorides striatus
	O
	
	

	29
	Swallow-tailed Kite
	Elanoides forficatus
	R
	
	

	30
	Tricolored Heron
	Egretta tricolor
	O
	
	

	31
	Tropical Kingbird
	Tyrannus melancholicus
	O
	
	

	32
	Tropical Mocking Bird
	Mimus gilvus
	F
	Wide Spread in every Habitat
	Common Resident

	33
	Whimbrel
	Numenius phaeopus
	R
	
	

	34
	Yellow Oriole
	Oriolus flavocinctus
	F
	
	

	35
	Yellow Warbler
	Icterus nigrogularis
	F
	
	

	36
	Yellow-bellied Elaenia
	Elaenia flavogaster
	F
	
	

	37
	Yellow-crowned Night-Heron
	Nyctanassa violacea
	R
	
	

	38
	Yellow-headed Caracara
	Milvago chimachima
	R
	
	


Table 5.29:.  List of Additional ad hoc Observations of Avian Species.
	WETLAND
	SPECIES

	
	COMMON NAME
	SCIENTIFIC NAME

	Rustville Swamp
	Spotted sandpiper

Black vulture

Common Black Hawk
	Actitis macularia

Coragyps atratus

Buteogallus anthracinus

	Point Galeota Wetland
	Little Blue Heron

Black-crowned Night Heron

Osprey

White-headed Marsh-Tyrant

Scarlet Ibis

Sanderling
	Egretta caerulea

Nycticorax nycticorax

Pandion haliaeetus
Arundinicola leucocephala
Eudocimus ruber

Calidris alba


Table 5.30:  Results of 1996 wet season avifaunal Survey at St. Hilaire River Swamp.

(Source: IMA 1996)

	Count

(15 min.)
	SPECIES
	No.
	Remarks

	
	Scientific Name
	Common Name
	
	

	Count 1


	Amazilia tobaci

Psarocolius decumanus

Seiurus noveboracensis

Coereba flaveola
	Copper-rumped Hummingbird

Crested Oropendola

Northern Waterthrush

Bananaquit
	1

1

1

5
	

	Count 2


	Sakesphorus canadensis

Myrmotherula axillaries

Pitangus sulphuratus

Seiurus noveboracensis

Volatinia jacarina
	Black-crested Antshrike

White-flanked Antwren

Great Kiskadee

Northern Waterthrush

Blue-black Grassquit
	2

4

1

1

1
	Feeding in white mangrove

Feeding in white mangrove & Seaside Mahoe

	Count 3


	Sakesphorus canadensis

Glaucis hirsute

Anthracothorax nigricollis

Thraupis episcopus

Leptotila verreauxi

Coereba flaveola
	Black-crested Antshrike

Rufous-breasted Hermit

Black-throated Mango

Blue-gray Tanager

White-tipped Dove

Bananaquit
	3

1

1

1

1

5
	Feeding in white mangrove

	Count 4


	Sakesphorus Canadensis

Thyrothorus rutilus

Volatinia jacarina

Coereba flaveola
	Black-crested Antshrike

Rufous-breasted Wren

Blue-black Grassquit

Bananaquit
	2

1

1

3
	Feeding in white mangrove

Feeding in white mangrove

Feeding in grasses at edge of wetland

	Observations outside of Point Count times
	Nyctanassa violacea

Actitis macularia

Chloroceryle aenea

Ramphocelus carbo

Thraupis episcopus
	Yellow-crowned Night Heron

Spotted Sandpiper

Pygmy Kingfisher

Silver-beaked Tanager

Blue-gray Tanager
	4

1

1

1

4
	Juveniles


5.12.15.1 Other fauna

St. Hilaire Swamp

Other faunal species observed during the survey included crabs: Callinectes sp., Uca (Fiddler crabs), Ucides cordatus (Hairy crab) and Cardisoma guanhumi (Blue crab).

Rustville Swamp

Faunal species observed during field surveys included Coffee Snail (Melampus coffeus), mangrove tree crab (Aratus pisonii), fiddler crab (Uca sp.), and mangrove crab Goniopsis cruentata.  Blue crab (Cardisoma guanhumi) and Hairy crab (Ucides cordatus) are harvested in this wetland, and many recently used crab traps were encountered.

Lizard River System

Faunal species found west of the Lizard River include the mangrove crab Goniopsis cruentata, and other small portunid crabs.  Coffee bean snail (Melampus coffeus) was relatively abundant on the forest floor and on the prop roots, while the mangrove tree crab (Aratus pisonii) was observed higher on the tree trunk.  Guppies (Poecilia sp.) were observed in the flooded areas.  

Point Galeota Wetland

We were informed by a farmer that crab catchers use this wetland area to harvest blue crabs (Cardisoma guanhumi) and hairy crabs (Ucides cordatus).  Opossum (Manicou) and iguanas were also hunted.  During our surveys, a juvenile iguana was observed.  Caiman sclerops and a number of snakes have been reported in this wetland.   The farmer also reported that when the mangrove forest on the western side of Point Galeota (Forest A) is dried up during the dry season, Caiman are seen crossing the road to get on the eastern side of the Point (Forest B).  The anaconda (Eunectes murinus, known locally as the “Huille”) has been reported in Forest B.

No animals were recovered from any of the Sherman traps, although in several instances the bait had been removed from them.  It was noted that there were high densities of hairy and blue crab burrows in the area, although the majority of these were of very small size (burrow apertures from 3‑6 cm).  It is thus likely that smaller individuals entered the traps but failed to trigger the trapdoors because of their minute weights.  A more extensive trapping schedule (hundreds – thousands of trap nights are normally required to adequately sample a given area) was beyond the scope of this project.
5.12.16 Discussion

In the St Hilaire Swamp, red and white mangroves were more abundant.  This mangrove forest is associated with an annual floodplain on the landward side.  The system has been altered by the construction of a road and bridge, and the leaves of the black and white mangroves are showing signs of disease/infestation (Plate 14).

In the Rustville Swamp, the ranges of DBH values for mangrove species varied widely between sample plots, indicating a forest canopy that is not uniform.  Tree size and tree density varied inversely, and this is observed in well-developed mangrove communities (Clough and Attiwill 1982).  The topographic map indicated greater mangrove extent upstream of Lawai River.  This was not evident in the 2001 IKONOS image and from ground surveys.  Between 1969 and 2001 mangrove area had declined by about 34.9 ha. Between 1942 and 2001 the mangrove forest has become denser. The mangrove ferns (Acrosticum aureum, A danaeifolium) are indicative of some natural disturbance in the area.

The Lizard River mangrove forest is a mixed system with the Rhizophora-Laguncularia- Avicennia association.  This wetland is a relatively stable system as it has not undergone significant changes in mangrove extent from 1942 to 2001.  Between 1942 and 2001, the Lizard River mangrove forest has become denser and mangroves have colonized some marshy areas.  In 2002 however, approximately 1.2 ha of mangrove forest was reclaimed 300 m east of the Lizard River mouth (Plate 16).  The structure of the Lizard River system is similar to the Rustville system.  These areas include mature mangrove forest, dominated mainly by white and red mangrove.

In the Point Galeota wetland system, between 1962 and 1969, both terrestrial and mangrove vegetation were cleared to facilitate the construction of the oil facility (oil storage tanks) at Point Galeota. Land was reclaimed to construct the port, and after 1969 some reclaimed land was colonized by mangroves (Forest C). From the 2001 IKONOS image and from ground surveys, Forest C is comprised mainly of mangroves.  However, in the 1942 and 1962 aerial photographs, and the 1977 topographic map, this area was dominated by tidal marsh vegetation.  Mangroves have replaced most of these tidal marsh areas.  Mangroves were cleared for the construction of the Point Galeota Road, and between 1969 and 2001 mangrove forest was cleared on the northern periphery of Forest A. The Point Galeota system is now fragmented (Forests A-D) because of human disturbance.

In the Galeota wetland, the major detritivores on the forest floor were crabs.  In the Rustville and Lizard River swamps both crabs and coffee bean snails (Melampus coffeus) were observed.  Most of the Galeota mangrove forests are basin systems, with no flushing so that conditions become anoxic and therefore unsuitable for colonization by fauna.  In areas that were flooded and now dried out, epifauna was not observed.  Also, the larvae of crabs and mollusc are planktonic, and since the system is not tidally flushed, the distribution of these organisms would be limited.  The epifauna community in the Galeota wetlands was not as rich as in other mangrove wetlands such as Caroni Swamp (Bacon 1970) and Bon Accord Lagoon (Juman 2003).
Bacon (1993) described the Point Galeota mangrove forests (which he referred to as Mouville) as patches of mangroves and lagoons occupying depressions with limited sea connection, on both side of the road.  He described the black mangrove as abundant in the basins and showing signs of die-back, and the whites as occasional, mixed with the black mangrove.  In the 2003 survey, the white mangroves were more abundant in the basins while red mangroves were found fringing the coastline and the basins.  Mature to senile black mangrove trees were found interspersed among the whites.  Bacon indicated that the hydrology of this wetland was possibly altered by the construction of the road across the central area, and suggested that tidal access and water movement within the wetland be improved.  This wetland is probably flooded in the wet season, and is dried out in the dry season.  It is not tidally flooded or flushed as the water in the area during our survey was stagnant.  Productivity of mangrove forest is dependent on water movement, not only as a source of silt and clays, but also a supply of nutrient and aeration for optimal growth (Wharton and Brinson 1979).
The fact that birds occupy specific niches and thus display high habitat specificity means that they can be used as indicator species, as their distributions and abundances often reflect habitat changes due to human development activities.  As a result they are one of the frequently used criteria for evaluating the state of a habitat and the impacts that development may have had on the ecology of areas.  For a total of 6 hours of contact time, the total of 38 bird species encountered is large, particularly because the survey did not take into account seasonal variations (e.g., austral winter migrants, vagrants and/or the departure/arrival of species in response to seasonal food availability) or nocturnal/crepuscular species (e.g., nighthawks, owls).

Many species were also associated with the presence of coast, scrubland and secondary growth at the mangrove peripheries.  Most species were seen either occasionally (< 3 sightings) or rarely (single observations).  This was expected because of the small size of the swamp and because of the restricted nature of the survey: a complete census incorporating seasonal changes (dry/wet and summer/winter) was beyond the scope of the present study.  There were several species that are either exclusively or often associated with wetland/marsh/mangrove systems (Bicolored Conebill, Black-crested Antshrike, Clapper Rail, Eared Dove,  Tricolored Heron, Great Blue Heron, Greater Ani, Little Blue Heron, Osprey, Silvered Antbird, Snowy Egret, Southern Lapwing, Spotted Sandpiper, Striated Heron, Whimbrel, Yellow-crowned Night-Heron ).  Many other species can occupy multiple habitats, including mangrove.  Of the species encountered, none is currently considered to be either rare or endangered on the island.  The occurrence of the Scarlet Ibis (Trinidad’s national bird) is particularly noteworthy, although unsurprising, given the high densities of small crabs found in the Galeota Wetland.

The large number of bird species found across systems suggests that, despite its disturbed nature (access roads, industrial infrastructure and associated noise), there are still significant resources present to support them.  This is particularly so because of the presence of a wide diversity of specialists such as nectarvores (e.g., hummingbirds), frugivores (e.g., tanagers) carnivores (e.g., kites), foliage insectivores (e.g., conebills, flycatchers) and omnivores (e.g., mockingbirds and thrushes).  Many of these species may use the site for nesting although an assessment of this was beyond the scope of the present survey.  The present avifauna thus appears to be a mixture of relict fauna (mangrove species, before disturbance) and a newer invasive fauna that has arrived after more recent anthropogenic disturbance. The total number of bird species recorded for wetlands in Guayaguayare Bay (Tables 4, 5 and 6) is 50 of which the bird species recorded exclusively in St. Hilaire Swamp during the wet season of 1996 (IMA 1996) numbered 7, and those recorded exclusively in the present survey numbered 36.  There were 7 species recorded both in the 1996 study and the present 2004 survey: Bananaquit, Black-crested Antshrike, Blue-black Grassquit, Copper-rumped, Hummingbird, Crested Oropendola, Great Kiskadee and Northern Waterthrush.
5.13   Shores

5.13.1 Introduction

For the purposes of this report the term upper shore was interpreted as synonymous with the terms supralittoral zone or upper intertidal zone.  Conditions here are nearly as terrestrial as they are marine: the area is wetted only infrequently by extremely high tides and splash from breaking waves and is sparsely inhabited by marine organisms.  The term middle shore was interpreted as the littoral (or intertidal) zone.  This is the area of shoreline influenced
mainly by the tides, between the highest and lowest reaches of the tide.  The surf zone was interpreted as the interface between the littoral and sublittoral (permanently submerged) zone where wave breaking and runup often occurs (the surf zone thus alters its position on the shore with the tide).

5.13.2 Methods

5.13.2.1 Fauna and Flora of Surf, Middle and Upper Shore

Five sampling stations were selected along Guayaguayare Beach, spaced ~1.8 km apart.  Their coordinates are given in Table 5.31 Samples were retrieved and processed as follows:

At each of the five stations, three sampling points were located along a transect line perpendicular to the beach, one in each of the surf, middle and upper shore zones.  The distances of these points from the land-beach interface varied depending on the gradient of the beach (Table 5.31) but in general were within 20 m of it.  Gradient was measured using a plumb line and spirit level and measured over a distance of 17 m.

 Table 5.31:  Coordinates and Gradient at Beach Sampling Station Transects.

*  No measurement possible at station 3 due to erosion and presence of a sea wall.

	Station
	Coordinates
	Gradient

	
	Northing
	Easting
	

	1
	1119476
	712732.3
	0.093

	2
	1120919
	713924.8
	0.056

	3
	1122040
	715379.1
	N/A

	4
	1122994
	716968.5
	0.046

	5
	1122834
	718826.6
	0.049


At each of these sampling points, a substrate sample was taken.  These were retrieved using a shovel to remove a 15-cm deep volume of sand which was placed into a 2-L plastic container.  At the field lab, samples were sorted by sieving through a 1.4 mm sieve after which the retained fractions were preserved in a 10% formalin solution and stained with Rose Bengal.  The retained material from each sample was then hand sorted in a large ceramic tray, using a 1-cm paintbrush and cold light to carefully scour through the particles and debris, to extract all fauna from the sample, which were stored in vials in 70% alcohol.  Organisms were identified under a stereomicroscope using standard texts/keys and enumerated to produce a species list for each sample.  Sample residues were checked by a second individual to provide a degree of quality control.  All species retained on the sieve were recorded.

In addition to the above-described fixed-station sampling procedure, the beach above the low water mark was visually surveyed by walking along the length of the beach, with the particular objective of identifying any wrack (dislodged seaweeds) and shorebirds that are often found along the strand line.  It was decided not to use sampling stations for this procedure because the occurrence of wrack (and birds that often scavenge amidst it) was sporadic and localized in the Bay.
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Figure 5.21.  Map of macrofaunal- and granulometry sampling station locations in Guayaguayare Bay.

Flora of the Back Shore

A series of 11 sampling stations was selected along the length of Guayaguayare Beach (Figure 5.22).  Stations were located ~900 m apart.  Photos of the stations are given in Plates S6 through S 27 (Appendix D) and their corresponding coordinates are given in Table 5.32 below.  At each point a Forester recorded all flora occurring within 50 m of the land-beach interface.  Relative abundance was also noted for each species.

Table 19Table 5.32:  Coordinates of back shore sampling stations.

	Station
	Coordinates

	
	Northing
	Easting

	A
	1119007.00
	712503.30

	B
	1119814.00
	712867.80

	C
	1120545.00
	713428.40

	D
	1121138.00
	714100.00

	E
	1121669.00
	714816.00

	F
	1122144.00
	715482.10

	G
	1122633.00
	716187.50

	H
	1123068.00
	717119.60

	I
	1123175.00
	718006.60

	J
	1122828.00
	718909.70

	K
	1121695.00
	719253.40
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Figure 5.22.  Map of floral sampling station locations in backshore of Guayaguayare Bay.

5.2.1.4 Sediment Grain Size Analysis

At each of the five sampling stations described in Section 5.14.2.1 above, an additional point in the mid-littoral zone was designated for 3 replicate sediment samples.  The purpose of these samples was to perform a grain size analysis to test for differences between stations.  These samples were taken from the upper 10 cm layer of the beach.  Back at the IMA, samples were first air dried and then sieved through a standard set of mesh sizes using a mechanical reciprocating shaker.  Statistical parameters for the sediments such as mean particle diameter and sorting were then calculated.

5.13.3 Fauna and Flora of Surf, Middle and Upper Shore

All flora and fauna are ranked using the DAFOR (Dominant, Abundant, Frequent, Occasional, Rare) relative abundance scale, unless specific numbers are given.

Table 5.33:  Large macrofauna found in samples from the upper, middle and lower (surf) zones of Guayaguayare Bay.

N/A ( no sample possible; --- ( no macrofauna retrieved in sample.

	Sample Station
	Taxon
	Number

	1A
	Isopoda spA
	4

	1B
	---
	---

	1C
	Isopoda spA
	1

	2A
	Isopoda spA
	3

	2B
	Donax striatus

Glycera spA

Spionidae sp
	3

1

1

	2C
	---
	---

	3A
	N/A
	N/A

	3B
	---
	---

	3C
	Glyceridae sp1

Spionidae sp1
	1

1

	4A
	Isopoda spA
	3

	4B
	Donax striatus

Dispio spA
	3

1

	4C
	Anoides spA
	5

	5A
	Dispio spA

Polychaete fragment
	5

1

	5B
	Dispio spA

Scololepsis spA

Anoides spA
	100

40

24

	5C
	Goniada littorea
	1


 Table 5.34:  Major species identified in wrack along the shoreline during beach walks in Guayaguayare Bay.

	SCIENTIFIC NAME
	ABUNDANCE

	Bryothamnion triquetrum
	D

	Gracilaria sp.
	F

	Hypnea musciformis
	F

	Halodule wrightii
	F


Large beds of stranded wrack occurred in lower-energy parts of the Bay east of the sea wall, although small patches were encountered throughout the Bay, a function of the predominant easterly current and SE wind direction at the time of the survey.

Table 5.35:  Avifauna identified along the shoreline in Guayaguayare Bay.

(R ( rare O ( occasional F ( frequent A ( abundant)

	COMMON NAME
	SCIENTIFIC NAME
	ABUNDANCE

	Great Blue Heron
	Ardea herodias
	R

	Black Vulture
	Coragyps atratus
	A

	Cattle Egret
	Bubulcus ibis
	A

	Snowy Egret
	Egretta thula
	F

	Little Blue Heron
	Egretta caerulea
	F

	Tricolored Heron
	Egretta tricolour
	O

	Sanderling
	Calidris alba
	R

	Semipalmated Sandpiper
	Calidris pusilla
	R

	Spotted Sandpiper
	Actitis macularia
	R


In addition to these bird species, several invertebrate species were also encountered.  Large numbers of isopods (probably family Cirolanidae, although no local keys to aid more detailed identification are available) were found among the stranded wrack beds, often numbering in the high tens to low hundreds of individuals per m2, as well as in shaded areas, especially in crevasses of the exposed cliff faces that occur sporadically in the eastern part of the bay.  Amphipods (Amphipoda: Talitridae) were also encountered in the wrack.  Cliffs/walls within the supralittoral zone and upper reaches of large beach debris were often densely populated with the cloudy periwinkle, Littorina nebulosa.  These displayed a clumped distribution, typically in small sheltered depressions, with some 50 cm2 patches containing up to 30 individuals.

5.13.4 Flora of the Back Shore

Table 5.36:  Floral Species Identified at upper shoreline of Guayaguayare Coastline.

	COMMON NAME
	SCIENTIFIC NAME
	SAMPLING STATIONS

	
	
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K

	1)  Angelin
	Andira inermis
	R
	 
	 
	 
	 
	R
	 
	 
	R
	 
	 

	2)  Black Mangrove
	Avicennia germinans
	 
	 
	 
	 
	 
	 
	 
	 
	 
	A
	R

	3)  Black Sage
	Cordia Curassavica
	A
	 
	 
	 
	 
	A
	 
	 
	A
	R
	R

	4)  Bois flot
	Ochroma pyramidale
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5)  Calabash
	Cresentia cujete
	R
	 
	 
	 
	 
	R
	 
	 
	 
	 
	 

	6)  Cassava
	Manihot esculenta
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 
	 

	7)  Cassia
	Cassia siamea
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	8)  Cercropia/Bois Canot
	Cercropia peltata
	A
	R
	 
	 
	 
	 
	 
	 
	R
	 
	 

	9)  Coconut
	Cocos nucifera
	A
	A
	A
	A
	A
	A
	A
	A
	A
	R
	R

	10) Cocrico bush
	Cassia fruticosa
	 
	R
	 
	 
	 
	 
	 
	 
	R
	 
	 

	11) Cypre
	Cordia alliodora
	 
	R
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12) Forest grape/Cuchap
	Coccoloba latifolia
	A
	 
	 
	 
	R
	 
	 
	 
	 
	 
	 

	13) Gru Gru bef
	Acrocomia aculeata
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	14) Guava
	Psidium guajava
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	15) Hibiscus 
	Hibiscus rosea
	R
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	16) Hog Plum
	Spondias mombin
	R
	 
	 
	 
	 
	 
	 
	 
	R
	R
	 

	17) Indian almond
	Terminalia cattapa
	 
	 
	R
	 
	A
	R
	A
	R
	 
	 
	 

	18) Indian mulberry
	Morinda citrifolia
	 
	 
	R
	R
	R
	 
	 
	 
	 
	 
	 

	19) Juniper
	Genipa americana
	A
	R
	R
	 
	 
	 
	 
	 
	R
	R
	 

	20) Lay Lay
	Cordia panamenus
	 
	R
	 
	 
	 
	 
	 
	 
	R
	 
	 

	21) Mango
	Mangifera indica
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	22) Matapal
	Clusia rosea
	R
	 
	R
	 
	 
	 
	 
	 
	R
	 
	 

	23) Mayaro Poui
	Clathrotropis brachypetala
	R
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	24) Papaya
	Carica papaya
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	25) Red Mangrove
	Rhizophora mangle
	A
	 
	 
	 
	 
	 
	 
	 
	 
	A
	 

	26) Redwood
	Guarea guara
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	27) Saltfish wood
	Machaerium robinfolium
	 
	 
	 
	 
	 
	 
	 
	 
	A
	 
	 

	28) Sandbox
	Hura crepitans
	 
	 
	 
	 
	 
	 
	 
	 
	A
	 
	 

	29) Seaside Grape
	Coccoloba uvifera
	 
	A
	A
	A
	A
	 
	 
	 
	 
	 
	 

	30) Seaside Mahoe
	Hibiscus tiliaceus
	 
	R
	 
	 
	 
	 
	 
	 
	 
	R
	 

	31) Susumba/Dog Teeth
	Solanum Stramoniifolum
	 
	 
	 
	 
	 
	A
	 
	 
	R
	 
	 

	32) Teak
	Tectona grandis
	R
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	33) Vervaine
	Starchytorpheta jamaicensis
	R
	 
	R
	 
	 
	A
	 
	A
	 
	 
	R

	34) Wild cane
	Gynerium sagittatum
	 
	 
	A
	 
	 
	 
	 
	 
	 
	 
	 

	35) Wild tobacco
	Acnistus arborescens
	R
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	36) Wedelia
	Wedelia trilobata
	A
	R
	 
	A
	 
	 
	R
	 
	R
	 
	R

	37) Caneseed
	Costus arabicus
	 
	 
	R
	 
	 
	 
	 
	 
	 
	 
	 

	38) Balisier/Heliconia
	Heliconia bihai
	A
	 
	R
	 
	 
	 
	 
	 
	 
	 
	 

	39) Canal lily
	Heliconia psittacorum
	A
	 
	 
	 
	A
	 
	 
	 
	 
	R
	 

	40) Mother in law tongue
	Sansevieria trifasciata
	 
	 
	 
	 
	R
	 
	 
	 
	A
	 
	 

	41) Stinging Nettle
	Laportea aestuans
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 
	 

	42) Shaving Brush Bush
	Emilia fosbergii
	 
	 
	 
	 
	 
	 
	 
	 
	 
	R
	 

	43) Bay bean
	Canavalia maritima
	A
	 
	 
	A
	R
	 
	 
	A
	R
	R
	 

	44) Purple heart/Purple glory
	Setcreasea pallida
	 
	 
	 
	R
	R
	 
	 
	A
	 
	 
	 

	45) Beach/sea purslane
	Sesuvium portulacastrum
	 
	 
	 
	 
	A
	 
	 
	A
	 
	 
	 

	46) Sensitive plant/Minosa
	Mimosa pudica
	R
	 
	 
	 
	 
	 
	 
	A
	 
	R
	 

	47) Philodendron (candle)
	Monstera spp.
	R
	 
	A
	 
	 
	R
	 
	 
	R
	 
	 

	48) Railway Daisy
	Bidens pilosa
	 
	 
	 
	 
	 
	A
	A
	A
	 
	 
	R

	49) Water Grass
	Commelina elegans
	A
	 
	 
	 
	 
	A
	A
	 
	 
	 
	 

	50) Nut grass
	Cyperus, rotundus
	 
	 
	 
	 
	 
	A
	A
	 
	 
	A
	A

	51) Razor Grass
	Paspalum virgatum
	A
	 
	 
	 
	 
	R
	 
	R
	 
	R
	 


5.13.5 Sediment Grain Size Analysis

The standard range of values indicating sorting of beach sand are presented graphically in Figure 5.23.  The textural characteristics and statistical parameters of the beach sediments within the monitoring area are presented in Table 5.37 and Figures 5.24 -5.26.

Table 5.37:  Textural Characteristics of Beach Sediments, Guayaguayare Bay.

	SAMPLE
	DATE
	% COMPOSITION
	GRAPHIC MEAN (MM)
	SORTING
	CLASSIFICATION      (Folk 1980)

	
	
	GRAVEL
	SAND
	MUD
	
	
	

	1 A
	 7th February 2004
	0.00 
	99.93 
	0.02 
	0.30 
	Moderately well sorted
	Sand

	1 B
	
	0.00 
	99.93 
	0.07 
	0.33 
	Moderately well sorted
	Sand

	1 C
	
	0.00 
	99.95 
	0.05 
	0.32 
	Moderately well sorted
	Sand

	2 A
	
	0.00 
	99.98 
	0.02 
	0.29 
	Very well sorted
	Sand

	2 B
	
	0.00 
	99.99 
	0.01 
	0.29 
	Moderately well sorted
	Sand

	2 C
	
	0.00 
	99.98 
	0.02 
	0.29 
	Moderately well sorted
	Sand

	3 A
	
	0.14 
	99.86 
	0.00 
	0.38 
	Well sorted
	Slightly Gravelly Sand

	3 B
	
	1.94 
	98.06 
	0.00 
	0.39 
	Moderately well sorted
	Slightly Gravelly Sand

	3 C
	
	0.79 
	99.21 
	0.00 
	0.32 
	Moderately well sorted
	Slightly Gravelly Sand

	4 A
	
	0.00 
	99.99 
	0.01 
	0.38 
	Moderately well sorted
	Sand

	4 B
	
	0.00 
	99.99 
	0.01 
	0.38 
	Moderately well sorted
	Sand

	4 C
	
	0.00 
	99.99 
	0.01 
	0.36 
	Moderately well sorted
	Sand

	5 A
	
	0.19 
	99.81 
	0.00 
	0.49 
	Moderately well sorted
	Slightly Gravelly Sand

	5 B
	
	0.16 
	99.84 
	0.00 
	0.37 
	Moderately sorted
	Slightly Gravelly Sand

	5 C
	
	0.04 
	99.95 
	0.01 
	0.47 
	Moderately well sorted
	Slightly Gravelly Sand
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Figure 5.23  Standard range of values indicating degree of sorting of beach sand.
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Figure 5.24.  Mean sorting values of sand from sampling stations in Guayaguayare Bay.  Error bars represent ( 1 standard error.
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Figure 5.25  Particle diameters of replicates from sampling stations in Guayaguayare Bay.
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  Figure 5.26.  Mean particle diameters at sampling stations in Guayaguayare Bay.  Error bars represent ( 1 standard error.

5.13.6 Discussion

Fauna and flora of surf, middle and upper shore

The macrofauna retrieved in samples from the supralittoral-, littoral- and surf zones (Table 5.36) are typical of such habitats.  Members of the genus Glycera (Glyceridae: bloodworms) are detritivores that typically occur from near low-tide level to offshore, in sand or mud.  Polychaetes in the family Spionidae are very common in all environments: Dispio sp. and Spio sp. are soft bodied organisms that expose their palps at the surface while feeding, typically living in sandy, chimney-like tubes on protected beaches and sand flats and can often form dense colonies on sandbanks.  Donax sp., is a dominant member of the family Donacidae (surf clams) that inhabits exposed intertidal sandy beaches and form worldwide, by far, the largest group living in such highly dynamic environments (for review, see Ansell 1983).  Members of the genus Donax are commonly the main primary consumers in soft bottom communities, while they are in turn subject to predation by a wide variety of invertebrates, fish, birds and mammals (Luzzatto and Penchaszadeh 2001, Peterson et al. 2000, Salas et al. 2001).  Moreover, these clams are important recreational and commercial resources in many countries (McLachlan et al. 1996).  In Trinidad (“chip chip”) they are a regular diet component for east coast residents and often provide important supplemental income.

It was noted that organisms were found in low numbers.  This is not surprising: the mesh size was chosen specifically to select for larger macrofauna (in fact, some of these organisms would ordinarily have slipped through the mesh, but were retained because of the large amount of sand/shell/gravel particles).  Overall, the data indicate that larger macrofauna was scarce at all sampled zones, with the exception of Station 5B (littoral zone), where very high densities were recorded.  Station 5 was the most sheltered habitat, and appeared to be depositional (in close proximity to mangrove), lying just north of extensive seagrass beds.  As such, it is possible that there is more organic material available to the organisms found here.  The data also demonstrates that within-substrate productivity (at the upper macro level) along the shore can be patchy.  Such localized areas of abundance may be the rule rather than the exception for the Bay.
Sandy beach macrofaunal communities are supported primarily by allocthonous inputs of organic materials, with very little primary production actually occurring on the beach itself (Brown and McLachlan 1990, Inglis 1989).  These communities can thus become highly dependent on the nearshore macroalgal and seagrass beds that arrive as stranded wrack and, ultimately, on the oceanographic processes that are responsible for their production (Griffiths et al. 1983, Kirkman and Kendrick 1997, ZoBell 1971).  Such production has been shown to be very high in many coastal regions (Dayton 1985, Kirkman 1984, Newell et al. 1982).  

The seagrass beds within Guayaguayare Bay are the most substantial ones discovered in Trinidad to date.  Reconnaissance of the nearshore seabed within the Bay also confirmed the existence of a large diversity and biomass of macroalgae.  The existence of these nearshore macrophytes explains the significant accumulations of shore-stranded wrack.  The wrack beds were sometimes of considerable area, covering up to 70% of the beach at some locations.  Within the wrack, the four primary species encountered consisted of three macroalgae (Bryothamnion sp., Gracilaria sp. and Hypnea sp.) and one seagrass (Halodule wrightii), although the total number of species would be more than this depending on the severity of oceanic conditions i.e., seasonal storms and attendant ground surge are much more likely to uproot macrophytes/algae, and several other species were identified in the Bay.

Wrack represents an important habitat resource for a diverse and abundant component of the macrofaunal community, primarily arthropods, and including primary consumers, scavengers, and predators (Craig 1973, Dugan 1999, Dugan et al. 2000, Griffiths and Stenton-Dozey 1981, Kompfner 1974, Lavoie 1985, Moore and Legner 1974, Orth et al. 1977, Polis and Hurd 1996, Straughan 1982).  Primary consumers include 1) suspension feeders (e.g., crabs and bivalves) that utilize phytoplankton and suspended particulate organic material; and 2) herbivores (e.g., amphipods, isopods and insects) that consume drift macrophytes and other stranded material.  Secondary consumers (including crabs, isopods, polychaetes, dipterans and beetles) prey upon primary consumers of both types and/or scavenge on drift carrion.  Vertebrate predators (e.g., shorebirds and fishes) utilize all of the trophic levels in both of these branches of the food web as prey.  Thus, changes in the availability and input of either phytoplankton or macrophyte wrack may shift infaunal community structure and alter energy flow to consumers (i.e., bottom-up effects), and prey availability to higher trophic levels (Dugan 2003).

The birds encountered along the shoreline of Guayaguayare Bay are all known to utilize coastal habitats (Table 5.38).  None of the species encountered is currently considered to be either rare or endangered in Trinidad.  With the exception of the snowy egret that is considered uncommon by ffrench (2000), all species can be considered to be common in coastal and/or mangrove habitats on the island.  Although the semipalmated sandpiper, spotted sandpiper and sanderling are common visitors to the island  (ffrench 2000), this does not rule out the likelihood that the Bay is also used by other shorebird species, including austral winter migrants from the South American mainland.  However, a year-round assessment of the avifauna of the Bay (incorporating wet-dry and winter-summer changes) was beyond the scope of this study.

The high densities of amphipods and isopods seen amidst the wrack in Guayaguayare Bay (as well as some captured in the macrofaunal samples) along with the numerous bird predators seen along the shore emphasize the importance of the wrack to the shore community structure.  The aggregations of Littorina nebulosa (an intertidal herbivorous periwinkle) seen throughout Guayaguayare Bay likely offer additional foraging opportunities for crab and bird predators.  Any change in productivity (eutrophication and concomitant shifts in species and biomass, or dieback) of the nearshore macrophyte community as a result of anthropogenic disturbance is thus likely to have bottom-up negative repercussions on this community structure.

Table 5.38:  Notes on status and range of avifauna seen along the shoreline of Guayaguayare Bay.

	Common Name &

Scientific Name
	Status and Range

	Great Blue Heron

Ardea herodias
	Habitat/status:  Found frequenting the seacoast and swamps, usually in small numbers.
Range: Throughout temperate North America and into Central and South America.

	Black Vulture
Coragyps atratus
	Habitat/status: A common resident frequently found in open country and over forest; also particularly abundant on seashores.
Range: Southern USA through South America but not in West Indies.

	Cattle Egret
Bubulcus ibis
	Habitat/status: A very common resident inhabiting savannahs and marshes and roosting in swamps.

Range: Common throughout World.

	Snowy Egret
Egretta thula
	Habitat/status: An uncommon resident sometimes found in swamps, marshes, and salt water areas.
Range:  USA through South America and West Indies.

	Little blue heron
Egretta caerulea
	Habitat/status: A common resident inhabiting swamps, flooded fields, and marshes on the seacoast.

Range: Southern USA through northeast South America and the West Indies.

	Sanderling

Calidris alba
	Habitat/status: A common visitor found on the sandy beaches of east and southwest Trinidad from September to May.

Range: Breeds in Artic winters in South America to Chile and Argentina, also found in all other continents.

	Semipalmated Sandpiper

Calidris pusilla
	Habitat/status: A very common visitor to both islands, found mainly on the coasts but also in inland marshes, flooded savannahs and beside reservoirs.

Range: Breeds in Artic winters in South America to Chile, Brazil and Argentina, also found in all other continents.

	Tricolored Heron
Egretta tricolor
	Habitat/status: Commonly inhabits swamps and adjoining marshes, also frequents coastline.
Range: Southern USA through the South American coast from Brazil to northern Peru.

	Spotted Sandpiper

Actitis macularia
	Habitat/status: Very common winter visitor to both islands, frequenting coasts, swamps, forest streams and ditches.  Breeds in N North America, wintering S to Peru, Brazil and Bolivia.


Flora of the back shore

A total of 51 species was identified in the backshore area of Guayaguayare Bay (Table 24, above).  For the size of the area surveyed, approximately 0.5 km2 (50 m ( ~10 km), this represents a substantial floral diversity.  None of the species encountered is currently considered to be either rare or endangered in Trinidad.  Within the back shore survey area of the Bay itself, most species were classified as rare at the sampling stations (75 of the total of 130 observations).  The flora was a mix of cultivated species (e.g., cassava, papaya, guava, mango), secondary growth species (e.g., Bois Canot, Gru Gru bef, Matapal, Sandbox), shrub/grass (e.g., Indian mulberry, Cocrico Bush, Black Sage, wild tobacco, water grass, nut grass, razor grass,), commercial species (e.g., Teak, Purple Heart, Cypre) and coastal species (e.g., red mangrove, black mangrove, coconut).  The relatively high diversity of the back shore is likely due to the large degree of anthropogenic disturbance in close proximity to the beach (especially human habitations).  This may be considered to be typical for the backshore of a beach in close proximity to a parallel linear pattern of settlement.

Sediment Grain Size Analysis

Most of the sediment samples were moderately well-sorted to well-sorted (Figure 10), which is typical of foreshore beach environments (Komar 1998).  The data show that the 15 beach sediment samples collected from the 5 stations were generally medium-grained, with means ranging from 0.29 to 0.45 mm (Table 5.37; Figure 5.23; Figure 5.24).  All sediment samples contained sand (particles 0.063 – 2.00 mm) as the major constituent, with over 98% in all instances.  Stations 3 (middle of Bay) and 5 (eastern end of Bay) were the only ones that contained gravel.  This was somewhat unexpected, because it is generally known that beach sediments from the western end of the Bay, where wave action and exposure are greatest, contain more gravel.  However, it was noted that Station 3 was located next to a sea wall (built to reduce the rate of ongoing erosion) and that Station 5, although sheltered, contained many small gastropod shells.  These factors may explain the occurrence of some particles > 2 mm.  Statistical analyses (ANOVAs) showed that there were differences between sampling stations both in terms of mean grain size and sorting values (P-values for both were < 0.0001).  There appeared to be a trend of particle size increase from the western to the eastern end of the Bay (R2 = 0.81).  However, for the reasons outlined above, this trend may not be open to any meaningful interpretation.  Tukey’s post hoc tests (Tukey Honestly Significant Difference Tests) were performed after the ANOVA for pair-wise comparisons of sample means, the results of which are summarized in Table 5.39 and Table 5.40 below.

Table 5.39:  Results of Tukey’s Tests on sorting values of sediment samples.

	Comparison
	Statistical Result

	Stn. 1 vs Stn. 2   
	Significant (P < 0.01)

	Stn. 1 vs Stn. 3   
	Significant (P < 0.01)

	Stn. 1 vs Stn. 4   
	Significant (P < 0.01)

	Stn. 1 vs Stn. 5   
	Significant (P < 0.01)

	Stn. 2 vs Stn. 3   
	Significant (P < 0.01)

	Stn. 2 vs Stn. 4   
	Significant (P < 0.01)

	Stn. 2 vs Stn. 5   
	Significant (P < 0.01)

	Stn. 3 vs Stn. 4  
	Significant (P < 0.01)

	Stn. 3 vs Stn. 5   
	Significant (P < 0.01)

	Stn. 4 vs Stn. 5   
	Significant (P < 0.01)


Table 5.40:  Results of Tukey’s Tests on particle diameters of sediment samples.

	Comparison
	Statistical Result

	Stn. 1 vs Stn. 2
	Significant (P < 0.01)

	Stn. 1 vs Stn. 3
	Significant (P < 0.01)

	Stn. 1 vs Stn. 4
	Significant (P < 0.01)

	Stn. 1 vs Stn. 5
	Significant (P < 0.01)

	Stn. 2 vs Stn. 3
	Significant (P < 0.01)

	Stn. 2 vs Stn. 4
	Significant (P < 0.01)

	Stn. 2 vs Stn. 5
	Significant (P < 0.01)

	Stn. 3 vs Stn. 4
	Significant (P < 0.01)

	Stn. 3 vs Stn. 5
	Significant (P < 0.01)

	Stn. 4 vs Stn. 5
	Significant (P < 0.01)


These tests clearly indicate that all stations were unique in terms of their sorting and mean particle diameters (the low P-values indicating that sample means were statistically distinguishable with a high degree of confidence).  However, it should be emphasized that mean values were extremely close: mean grain size in the Bay varied only over a very small range of 0.16 mm (minimum 0.29 mm; maximum 0.45 mm) and sorting values varied over a range of 0.18 (minimum 0.59; maximum 0.77).  These differences are so small that they ultimately may not be biologically meaningful.  At the same time, it should be kept in mind that there are active deposition and erosion zones in the Bay.  The former are associated with low-energy mangrove areas towards the eastern end of the Bay, where there is no shore zone (thus outside the scope of this study), but would be expected to contain sediments with a much higher fraction of small-diameter sands.

5.14 Sea Grass Communities 

5.14.1  METHODOLOGY

Mapping

During February 9-12, and March 9-10, 2004, a number of snorkelling tows and scuba dives were performed at Guayaguayare Bay.  The primary purpose of these activities was to document the spatial coverage of any seagrass systems within the Bay.  This information was then used to guide required sampling work.  The towing protocol was as follows:
Information from an earlier 2003 IMA survey and anecdotal information from Guayaguayare Bay fishermen were used as aids to select drop-off points within the Bay, primarily in the 2‑4 m contour range.  For snorkelling tows, a motorboat was used to tow a snorkeller on a 17-m rope, moving at a speed of ~5 km/hr.  The boat stopped every 50 m to allow a check for seagrass: the snorkeller would dive to the bottom and use his hands to scour the seafloor for seagrass blades (this was necessary as visibility was often 30 cm or less).  If seagrass was found, the boat would then progress another 50 m, and so on, until seagrass was no longer found.  Snorkellers were frequently interchanged because of the risk of hypothermia (even with wetsuits) due to the rapid relative water movement.  An observer on the bow of the boat kept watch for Portuguese Man-o-War (Physalia physalis), which were abundant during the survey, and for large submerged debris.  In addition to snorkelling tows, a pair of scuba divers used diver propulsion vehicles to establish the continuity of seagrass beds.  This technique had the advantage of allowing the observers to remain submerged for prolonged periods of time while conserving air and moving at increased swimming speed (~3 km/hr).  A Trimble Global Positioning System (GPS) unit was used to record the positions of confirmed areas of seagrass.  GPS processing was differential.  A digital underwater video camera was used on scuba dives to provide a visual record of the seagrass beds.  Tow sampling locations are summarized in Table 5.41 and Figure 5.26.  Photographs of seagrass beds are found in Plates 22- 27 and in the video footage on the attached CD-rom.

Table 5.41: Coordinates of towing transect points with confirmed occurrence of seagrass in Guayaguayare Bay.

	Station
	Northing
	Easting
	GPS Processing

	1
	1122518.31
	717137.45
	Differential

	2
	1122465.93
	717214.01
	Differential

	3
	1122675.24
	717158.77
	Differential

	4
	1122581.61
	717275.06
	Differential

	5
	1122461.75
	717466.95
	Differential

	6
	1122271.29
	717759.87
	Differential

	7
	1122097.90
	718084.22
	Differential

	8
	1121942.63
	718279.90
	Differential

	9
	1121836.28
	718377.13
	Differential

	10
	1121989.27
	718401.36
	Differential

	11
	1122242.00
	717622.00
	Averaged

	12
	1122741.00
	717323.00
	Averaged

	13
	1122528.00
	716739.00
	Averaged

	14
	1122062.00
	715805.00
	Averaged
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Figure 5.26 Map of seagrass locations within eastern Guayaguayare Bay.
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	Plate 22  Snorkelling tow to locate and map sea grass beds.
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	Plate 23.  Shoal Grass, Halodule wrightii, at Station 1.
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	Plate 24.  Shoal Grass, Halodule wrightii, at Station 4.
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	Plate 25.  Shoal Grass, Halodule wrightii at Station 9.
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	Plate 26.  Shoal Grass, Halodule wrightii at Station 12.
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	Plate 27.  Shoal Grass, Halodule wrightii at Station 14.


5.2.1.5 Faunal Sampling

A literature search was conducted to obtain information on the coastal and marine ecosystems in Guayaguayare Bay.  Documentation was sought primarily from the libraries of the following agencies: Institute of Marine Affairs, University of the West Indies, EMA and bpTT.

The structure of the community near Point Galeota was surveyed in March 2004.  Shoot density was obtained using 20 cm ( 10 cm (0.02 m2) PVC quadrats.   Four quadrats were randomly placed on the seagrass beds at five regular intervals along a transect line, and all plant material within the quadrats was collected.  The plants were sorted, identified, and the shoots of the each seagrass species were counted.  Density is expressed as number of shoots per m2.  A beam trawl (1.3 m wide, 0.5 m high, mesh size-2 mm) was towed behind a pirogue over the seagrass bed to sample floral and faunal composition (English et al. 1997).  Tows were carried out at two knots, parallel to the shore and against the direction of the current.  Faunal and floral species collected were counted, measured and identified as far as possible, using standard texts.  Light attenuation was determined by taking Secchi readings.  Salinity was measured using an A366ATC hand held salinity refractometer (( 1 ppt). 

5.14.2 Results

5.2.1.6 Survey work of 2003 and 1997

The sampled seagrass areas in the northeastern end of Guayaguayare Bay were dominated by shoal grass (Halodule wrightii).  Uprooted turtle grass (Thalassia testudinum) blades were encounterd but were rare.  The H. wrightii was interspersed with a number of macroalgal species, which included Gracilaria sp., Bryopsis plumose, Bryothamnion triquetrum, Laurencia sp., Hypnea musicformis, Enteromorpha sp. and Ernodesmis verticillata.  Salinity recorded over the grass area was 12 ‰, temperature was 29.5º C and dissolved oxygen concentration was 6.5 mg l-1.
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Plate 28. Shoal grass (Halodule wrightii).

Faunal species found among the seagrasses include sponges (Niphates evecta), amphipods, and encrusting ascidians.  Fish species collected from beam trawl surveys in Guayaguayare Bay are listed in Table 5.42.  Fishes collected were mainly juveniles.  Shellfish species reported in this bay include Serrete crabs (Callinectes spp.) and shrimp (Xiphopenaeus kroyeri) (Alleng et al. 1997).   

Table 5.42:  List of Fish Species Recorded in Seagrass Beam Trawl Catches in Guayaguayare Bay

	Common Name
	Scientific name

	Barbi threadfin
	Polydactylus virginicus

	Zelwan
	Trachinotus falcatus

	Moonshine
	Selene vomer

	Torroto grunt 
	Genyatremus luteus

	Croaker 
	Bairdiella sp.

	Guiana longfin herring
	Odontognathus micronatus

	Spadefish
	Chaetodipterus faber

	Checkered puffer
	Sphoeroides testudinus

	Spotted scorpionfish
	Scorpaena plumieri

	Grey snapper
	Lutjanus griseus

	Lane snapper 
	Lutjanus synagris

	Crapaudfish (adult)
	Batrachoides surinamensis

	Flounders
	Not identified


Sources: Alleng et al. 1997, IMA unpublished and 2003 survey.
Survey work of 2004

A dense monospecific seagrass bed was found in the northeastern side of Guayaguayare Bay, near the Galeota Peninsula. The bed comprised shoal grass (H. wrightii) interspersed with some attached and floating macro-algae.  It was sparser in the northwestern side (GPS Points 1-6) and denser towards the southeastern end (GPS Points 7-10).  In the southeastern end, H. wrightii shoot density ranged from 4150 to 8050 shoots per m2 (mean value 5831 ( 1579 shoots per m2).  In the northwestern side, H. wrightii shoot density ranged from 600 ‑ 2150 shoots per m2 (mean value 1569 ( 473 shoots per m2).  The overall density of the bed was 3422 ( 2273 shoots per m2 (n = 20).  The bed was found in water ranging from 1 ‑ 1.7 m in depth at falling tide.  The substrate varied from muddy sand to areas of calcareous shell (Donax sp.).  Secchi readings were not obtained during sampling as the seafloor was visible.  Surface and bottom salinity was 35 ‰.

Four beam trawl tows were conducted on the H. wrightii bed and the faunal species collected are listed in Table 5.43.  Fish collected were mainly juveniles, which was expected, as seagrass beds are nurseries for fish and shellfish species (Hemminga and Duarte 2000, Nagelkerken et al. 2001), and because beam trawls are often biased towards sampling juvenile fish (English et al. 1997).  The most abundant species was the Lane Snapper.

Table 5.43  Faunal species collected from beam trawl tows over Halodule bed in Guayaguayare Bay (March 2004).

	Common name
	Scientific name
	Total collected
	Average total length (cm)

	Lane snapper ‘waliac’
	Lutjanus synagris
	15
	8.1 ( 2.1

	Southern puffer
	Sphoeroides testudinus
	6
	8.4 ( 1.9

	Croaker
	Bairdiella ronchus
	2
	7.3 ( 1.6

	Shrimp
	Panaeus subtilis
	1
	-


Algal flora in the lagoonal area of the bay was dominated by calcareous crustose corallines and sparse filamentous turf algae (Table 5.44).

Table 5.44:  Major macroalgal species of sublittoral regions of Guayaguayare Bay encountered during snorkelling tows and scuba dives.

(O ( occasional; F ( frequent; A ( abundant.)

	TAXON
	RELATIVE ABUNDANCE

	Spatoglossum
	O

	Gracilaria sp. 1
	F

	Gracilaria sp. 2
	F

	Cladophora sp.
	O

	Bryothamnion triquetrum
	A

	Hypnea musicformis
	A

	Dictyota sp.
	O

	Padina sp.
	O

	Sporolithon sp.
	O


5.14.3 Discussion

The seagrass bed at the eastern end of Guayaguayare are comprised almost entirely of H. wrightii. This is the largest and densest Halodule  community reported for Trinidad and Tobago.  In that regard, these beds are a significant finding of ecological importance.  H. wrightii plants are usually found interspersed among T. testudinum.  Extensive T. testudinum communities have previously been documented along the Northwestern peninsula of Trinidad, and Bon Accord Lagoon, La Guira Bay and Petit Trou Lagoon, Tobago.  In areas where T. testudinum was previously reported but no longer found, such as at Grand Fond Bay and Scotland Bay, sparse H. wrightii (< 50 shoots per m2) beds are found interspersed with Halophila decipiens.  Throughout the Caribbean, turtle grass, T. testudinum is the dominant and climax species (Fourqurean and Zieman 1991) among seagrass communities.

The first record of seagrasses in Guayaguayare Bay was in 1997 (IMA 1997), where the H. wrightii bed was mixed with few T. testudinum plants.  In 2004, no substantial patches of T. testudinum were found in the northeastern end of the Bay (although noting that uprooted floating blades of T. testudinum, of unspecified origin, were occasionally encountered in nearshore waters throughout the Bay).  It is not known whether H. wrightii may have replaced T. testudinum because of some human or natural disturbance in Guayaguayare Bay.  An alternative hypothesis, that this seagrass community is in the early stages of a succession towards a Thalassia-dominated climax stage, remains untested.  To compound the interpretation of events, dense macro-algal growth is supported throughout the Bay, which may indicate nutrient enrichment (Hauxwell et al. 2001, Deegan et al. 2002).  The source of major nutrient inputs to the Bay is currently unknown.  The seagrasses were found to again be interspersed occasionally with the same macroalgal species identified in the earlier surveys: Gracilaria, Bryopsis, Bryothamnion, Laurencia, Hypnea, Enteromorpha and Ernodesmis.
In August 2003, sparse seagrass (<100 shoots per m2) was also found in grab samples about 100 m southwest of the Lawai River.  The samples were dominated by shoal grass (H. wrightii) intermixed with a few turtle grass (T. testudinum) plants.  The samples were taken in water 3 m deep at falling tide, approximately 50 m from the low water mark.  Salinity recorded in this area was 12 ‰, temperature was 29.5º C and dissolved oxygen concentration was 6.5 mg l-1.  Light attenuation was low, as the secchi readings were 1m.  However, in March 2004, snorkelling transects both parallel and perpendicular to the shore in this area of the Bay did not reveal the presence of any rooted seagrasses.  It is possible that either: 1) uprooted seagrasses from the eastern part of the Bay may have been washed toward the western end of the Bay, especially in stormy winter months, and/or that 2) any seagrass patches, if they do exist in this part of the Bay, are very restricted in area, and were thus missed during the survey.

Seagrasses are an important marine resource as they form highly productive, faunally rich, and ecologically important communities (Zieman 1982).  Worldwide, seagrasses rank with mangroves and coral reefs as some of the most productive coastal habitats (Ogden 1980).  Seagrass beds stabilize bottom sediments, slow current flow, decrease wave energy (thus preventing erosion), and filter suspended solids and nutrients from coastal waters (thus increasing water clarity).  They produce organic matter, provide shelter and refuge for resident and transient adults and juvenile animals, provide feeding pathways, produce and trap detritus, and assist with nutrient recycling (den Hartog 1970, Zieman 1982, Sogard et al. 1987, Larkum et al. 1989, Baelde 1990, van der Velde et al. 1992, Hemminga and Duarte 2000, Phillips and McRoy 1980, McRoy and Helfferich 1977).  Seagrass communities may also form an important buffer by intercepting the flow of water, thus reducing nutrient and particulate loads in waters reaching reef tracts (Kenworthy et al. 1998).  Because most seagrasses are benthic-perennial plants, they are continuously subject to stresses and disturbances that are associated with changes in water quality along the land/sea interface (Goerte 1994, Boesch et al. 1995) and therefore have to be considered in coastal management planning.  The eastern inshore regions of Guayaguayare Bay are generally shallow and sheltered and the presence of seagrasses here may thus have the potential to greatly affect physical, chemical, geological as well as biological processes (Zieman 1982) within the Bay.

H. wrightii is the primary species found in stressed-fringed-perennial, ephemeral and newly colonized seagrass meadows (Lewis et al. 1985).  It is a small, pioneer species that also appears to be the first to recolonize a gap after a disturbance.  Through the succession process, this species may be replaced by Syringodium filiforme and finally by T. testudinum, the climax species, during recovery (Williams 1990).  However, long-term nutrient enrichment of seagrass communities has been linked to the reverse colonization and dominance of H. wrightii in Thalassia communities (Reyes and Merino 1991, Lapointe et al. 1994, Fourqurean et al. 1995).  The fast growing H. wrightii appears to be more resistant to high nutrient loading.  Primary seagrass dieoff is thus species-specific, and there is often a rapid spread of Halodule into Thalassia die-off patches (Thayer et al. 1994).  Such increases in Halodule may also reflect its lower light requirements (Williams and McRoy 1982, Dunton and Tomasko 1994), ability to rapidly spread into areas where the Thalassia canopy has been removed (Thayer et al. 1994), or resistance to disease.
Autecological studies on seagrasses have documented that seagrass distribution is strongly related to physiology and growth characteristics, including water depth and salinity zonation. The expansion of seagrass margins, at least at the lower (deepest) boundaries, has been linked to light and/or nutrient conditions (Dennison et al. 1993, Dalla Via et al. 1998).  Unfortunately, declines of coastal seagrass meadows are evident throughout the world and have been linked to natural and human-induced disturbances (Short and Wyllie-Echeverria 1996).  In particular, increasing human population density and development in coastal regions can lead to eutrophication which has been implicated in the loss of seagrasses from many areas of the world (Cambridge et al. 1986, Orth and Moore 1983).  Plant loss appears to be related to light limitation associated with chronic turbidity, e.g.,  a comparison of seagrass distributions in Florida Bay between 1984 and 1994 (Hall et al. 1999) and between 1995 and 1998 (Durako et al. 2001) indicated that the chronically turbid regions had exhibited the most significant losses of Thalassia.  Other factors such as elevated water temperature, prolonged hypersalinity, and excessive seagrass biomass (due to lack of recent disturbances, including hurricanes and reduced salinities), leading to increased respiratory demands, hypoxia and sulfide toxicity, are some of the physiological stressors thought to have contributed to Thalassia die-off (Robblee et al. 1991, Carlson et al. 1994).

It has been hypothesized that increased accumulation of sediment on banks and in many basins (Zieman et al. 1989) may be an important factor allowing Thalassia to increase to very high densities.  This point underscores the importance of linkages between Guayaguayare mangrove systems and water clarity: the destruction of mangrove or of other systems that serve to check the entry rates of sediment to the Bay can have serious ramifications for the health of the seagrass beds and their ability to sustain attendant animal populations, especially vulnerable juvenile stages.  In light of the fact that there is no historical record for Guayaguayare Bay, it remains unknown whether the eastern Guayaguayare Bay seagrass beds were at one point dominated by T. testudinum or whether disturbance-driven replacement by H. wrightii has occurred (or whether any such disturbance, if it did occur, was natural or anthropogenic in nature).

Trinidad supports the largest known nesting population of Leatherback turtles (Dermochelys coriacea) in the insular Caribbean and perhaps the second largest in the Western Hemisphere (Fourniller and Eckert et al. 1997).  Leatherback turtles, the world’s largest turtle, are highly migratory and the waters off the coat of Trinidad and Tobago are migratory routes for sea turtles going to and from their nesting grounds. Other species of turtles observed in Trinidad waters are: Green Turtle (Chelonia mydas) and Olive Ridleys (Lepidochelys olivacae) (Lee Lum 2003). The Loggerhead (Caretta caretta) and Hawksbill (Eret mochelys imbticata) have also been observed nesting in Trinidad (Thelen et al. 1980).  The Forestry Division cited the Green Turtle, the Hawksbill Turtle, The Leatherback Turtle and the Loggerhead Turtle as endangered nesting species in Trinidad (Thelen et al. 1980). The IUCN 1996 Red list also identified these species as being vulnerable and under threat of extinction. The Hawksbill was listed as the most critical species of the four. 

The nesting of turtles and the sighting of marine turtles on the east coast of Trinidad has been well documented over the last thirty years (Bacon 1981, IMA 2003).  Fishermen have noted that the waters off Manzanilla, Galeota Point and Guayaguayare Bay contain foraging habitats for the Hawksbill and Green Turtle (Lee Lum 2003) and turtles have been reported as nesting at Guayaguare Bay by local residents. The seagrass beds found inshore in Guayaguayare Bay are likely to serve as preferred feeding habitat for many of these migratory species.  Additionally, several macroalgal species that occur in the Bay have been well documented as “sea turtle food species” including turf algae of the Family Gelidiaceae, and the red macroalgae Gracilaria sp., Bryothamnion sp., and Hypnea sp. (Wershoven and Wershoven 1989, 1990).

Utilization of the beds for feeding by turtles was corroborated by local fishermen (who, unfortunately, also admitted to setting nets in the grass beds to capture them).  A number of freshly-butchered adult Green Turtle carcasses were observed on Guayaguayare Beach in early October 2003, a regrettable practice that nonetheless appears to be common.  In the absence of monitoring and enforcement, such unfortunate incidents may continue unabated, with dire consequences for the viability of local populations (since these species are territorial nesters).

5.15 Reef Communities

5.15.1 Methodologies
During January 13-16, February 9-12 and March 10, 2004, a series of dives was performed at Guayaguayare Bay.  The purpose of these dives was to gain a better understanding of the spatial coverage of reef systems within Guayaguayare Bay, to map them, and to characterize diversity and species abundance.

As is typical for this time of the year (“winter” months) in the Columbus Channel, sea conditions were unfavourable for diving due to the following factors:

· High winds from the SE (up to 35 mph)

· High seas (large swells up to 12 feet)

· A strong easterly bottom current

· A strong bottom surge

· Lowered visibility (as low as 18” in some instances) with attendant reduction in swimming speeds and thus spatial coverage

The dive protocol was as follows:

A 1-m bathymetric chart was used as an aid to select drop-off points within the bay, primarily in the 10-12 m contour range.  Previous fieldwork in October 2003 revealed that there was reef at these depths, where the slope becomes steeper.  A rover GPS unit was used to navigate via boat to the designated drop-off points.  Another stationary land-based GPS unit was established and later used to differentially correct the rover GPS readings, for maximum accuracy.  Points were selected on the seaward (i.e., deeper, southern) border of areas suspected of containing reef.  This ensured that, if any reef was missed at the drop-off point, that divers could then navigate into shallower waters (reef was not found deeper than ~14 m) by swimming north using a compass.  The dive locations are summarized in Table 5.45 and Figure 5.27.

Table 5.45.  Coordinates of SCUBA Diving Drop-off Points.

	Station
	Northing
	Easting
	GPS Processing

	1
	1118904.57
	714723.15
	Differential

	2
	1119008.66
	714636.39
	Differential

	3
	1119014.23
	714794.77
	Averaged

	4
	1118991.74
	714724.36
	Averaged

	5
	1119231.71
	714909.36
	Differential

	6
	1119332.03
	715174.21
	Differential

	7
	1120944.03
	715880.07
	Averaged

	8
	1121252.09
	716045.11
	Averaged

	9
	1119357.32
	714276.01
	Averaged

	10
	1120018.04
	716992.47
	Averaged

	11
	1119673.63
	716142.96
	Differential

	12
	1120472.71
	716852.26
	Differential

	13
	1120587.32
	717460.64
	Differential

	14
	1120210.12
	717239.08
	Differential

	15
	1119932.17
	716773.78
	Differential
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Figure 5.27: Scuba diving locations within Guayaguayare Bay.

A pair of divers descended to the seafloor and, once a patch of reef was found, divers would deploy a buoy, attaching it to the reef.  They would then swim with the current (generally east) along the backbone of the reef until a break was found at which point another buoy was deployed.  Breaks in the reef were traversed (by again swimming east) until reef was encountered again, at which point another buoy was deployed.  Photographs were taken (Nikonos III with 28 mm close-up lens and flash) and PVC writing slates were used to document reef species encountered: fish, crustaceans, algae, sponges, corals, etc.  This was continued until tank pressure mandated ascent to the boat.  As many as three dives could be safely performed in this manner on any given day.

Subsequent to completion of the day’s diving schedule, the boat was used to navigate to the various buoy positions which were then logged using a GPS.  Difficult-to-identify specimens were collected for later identification back at the IMA’s laboratories: upon returning to the field station, these samples were photographed and then preserved in a 10 % formalin-seawater solution.  Species were identified to the lowest taxonomic level possible (species in most instances) using standard keys and texts from the IMA’s library. In debriefing meetings, the dive team compiled a comprehensive list of all items seen, along with relative abundances according to a DAFOR scale, based on both frequencies of encounters as well as spatial coverage, with the following categories: Dominant, Abundant, Frequent, Occasional, Rare and Absent.

5.15.2 Results

5.2.1.7 Reef organisms

Table 5.46:  Reef inhabitants encountered during SCUBA reconnaissance.

	Scientific Name/Taxon
	Common Name
	Importance
	Relative Abundance

	Priacanthus arenatus
	Bigeye
	
	Rare

	Anisotremus surinamensis
	Black Margate
	Commercial
	Abundant

	Blennidae
	Blenny
	
	Abundant

	Thalassoma bifasciatum
	Bluehead Wrasse
	
	Abundant

	Haemulon carbonarium
	Caesar Grunt
	Commercial
	Frequent

	Panulirus argus
	Caribbean Spiny Lobster
	Commercial
	Occasional

	Caranx hippos
	Cavali
	Commercial
	Occasional

	Mithrax spinosissimus 
	Channel Clinging Crab
	
	Abundant

	Mycteroperca rubra
	Comb Grouper
	Commercial
	Rare

	Batrachoides surinamensis
	Crapaudfish
	Commercial
	Rare

	Tentaculata
	Ctenophore
	
	Occasional

	Stegastes sp.
	Damselfish
	
	Abundant

	Chaetodon capistratus
	Foureye Butterfly Fish
	
	Occasional

	Pomacanthus paru
	French Angelfish
	
	Occasional

	Haemulon flavolineatum
	French Grunt
	
	Occasional

	Gobiidae
	Gobies
	
	Abundant

	Sphyraena barracuda
	Great Barracuda
	Commercial
	Rare

	Gymnothorax funebris
	Green Moray
	
	Rare

	Serranidae
	Grouper 2 juv.
	Commercial
	Rare

	Ginglymostoma cirratum
	Nurse Shark
	Commercial
	Rare

	Naucrates ductor
	Pilotfish
	
	Rare

	Anisotremus viginicus
	Porkfish
	
	Frequent

	Scarus taeniopterus
	Princess Parrotfish
	
	Frequent

	Lutjanus campechanus 
	Red Snapper
	Commercial
	Frequent

	Xanthidae
	Stone crab
	
	Rare

	Sparisoma viride
	Stoplight Parrotfish
	
	Frequent

	Melongenidae
	Whelk
	
	Rare

	Microspathodon chrysurus
	Yellowtail Damselfish
	
	Rare


5.2.1.8 Corals

Seven species of corals were identified on the reef systems within Guayaguayare Bay, the commonest being the Blushing Star Coral and the Lesser Starlet Coral.  Three species of sponges were identified: Sigmadocia coerulea, Chondrilla nucula and Cliona sp.

Table 5.47:.  List of coral species on Guayaguare Bay reef systems.

	Scientific Name
	Common Name
	Relative Abundance

	Montastrea sp.
	-
	Rare

	Stephanocoenia mechelinii
	Blushing Star Coral
	Occasional

	Scolymia cubensis
	Artichoke Coral
	Rare

	Agaricia sp.
	-
	Rare

	Siderastrea sideria
	Lesser Starlet Coral
	Occasional

	Stylaster roseus
	Rose Lace Coral
	Occasional

	Parazoanthus tunicans
	Hydroid Zoanthid
	Rare


Crustose Coralline Algae
Three species of crustose coralline algae dominated the surface of the relict reef at Guayaguayare Bay.  These species were Sporolithon episporum, Hematocelis sp. and Peysonnellia sp.  A fourth species, Peysonnellia simulans, was occasionally encountered.  These are all members of the Rhodophyta (red algae).

5.15.3 Discussion


Predominant reef character, in terms of the associations and relative abundances of species, was similar across all areas sampled and may be described as follows:

The basal skeletal structure consists of relict (extinct) reef.  Reef was most often encountered between the 9-12 m contour lines, which run generally E-NE across the Bay.  However, reef was also encountered sporadically at shallower depths (i.e., patch reefs in the shallower lagoon area).  Reef surface contours rose in some places to as close as within 5 m of the surface.  No obvious “spur and groove” formations (coral heads separated by sandy canyons) were evident.  Contrary to what was originally believed (based on anecdotal stories from fishermen), the reef does not form a continuous barrier, as breaks were frequently encountered (although at irregular intervals).  These breaks were of variable width, up to several tens of metres, and localized and temporal currents of up to 1.5 kts. were sometimes encountered in these areas.  The N-S width of the reef was variable, up to as much as 250 m in some areas.  The shoal commonly referred to as “La Cai” occurs at depths down to 5 m (high tide) and appears to also be a shallow rocky shoal with encrustations of soft and coralline algae and sponges.  It may be considered contiguous with other irregular structures rising within Guayaguayare Bay, forming ecological niches for flora and fauna.  

The size of the reef system indicates that it must serve as an important hydrodynamic barrier within Guayaguayare Bay.  This function, as well as the protection offered by the Galeota Peninsula, likely reduces the effect of Atlantic storms that dominate Trinidad’s eastern seaboard.  In addition, the resulting calmer water conditions within the Bay promote conditions for the development of seagrass beds (not documented elsewhere on Trinidad’s east coast) and mangrove (i.e., accreting) systems, while tempering the rates of beach erosion.  A sediment granulometry study (Secetion 1.3) clearly shows a spatial trend of increase in average particle diameter along the beach towards the relatively less-protected western end of the Bay (i.e., towards Gran Cayo Point).

Notably, the morphology of the reef indicates that at one point there were extensive branches, ledges and boulders that are typical of mature stony coral formations.  The date of extinction of this underlying structure remains unknown.  However, it was noted that it is extremely brittle, as large chunks (20-30 kg) could be easily broken off with little force, revealing a cream-white, chalky interior (evidence of decay and demineralization).  Many areas of the reef were substantially encrusted with crustose coralline algae and sponges.  There was high turbidity throughout the water column, but particularly in the surface layer (which appeared to be associated with a mild halocline), and on the bottom, associated with surge.  The surface layer (down to ~5 m) was influenced by rainy season discharge.  The volume of sediments suggests that local river discharge (i.e., within Guayaguayare Bay) makes only a minor contribution: it is more likely that these sediments are predominantly South American in origin.  The northward flow of Orinoco and Amazon discharges in the rainy season has already been well documented.  There was a high rate of deposition of suspended sediments to the reef below, as evidenced by a thin layer of it on most parts of the reef.

It is now a well known fact that tropical reefs are the most diverse communities on the planet. These communities occupy less than 1% of the ocean floor, but are inhabited by at least 25% of all marine species. It is estimated that more than 25,000 described species from thirty-two of the world’s thirty-three animal phyla live in reef habitats - four times the number of animal phyla found in tropical rain forests.  Reefs are found within the jurisdiction of more than 100 countries and occupy more than 600,000 square kilometers of tropical oceans. Their requirements for clear, warm water and high light intensity generally limit them to shallow water, with maximum diversity occurring between 10 to 30 meters below the surface. Small changes in the nutrient content of the water can adversely affect their survival. 

In addition to their high diversity, coral reefs are highly productive marine communities, playing a critical role as habitat and nursery grounds for 10 to 20% of the world’s fisheries. They are intimately connected to other marine communities such as mangrove forests, sea grass beds, and the open seas as water currents transport larvae, plants, animals, nutrients, and organic materials. Coral reefs play a significant role in the development of other ecosystems such as mangroves and wetlands and protect coastlines from wave and storm damage and erosion. Disruption of reef communities can break up these ecological bonds. Under natural conditions, a healthy coral reef can recover from natural disturbance such as hurricanes, within 10 to 20 years. But when subjected to chronic human-induced stress, recovery from even natural disturbance may be impossible.  In Trinidad, living reef systems have been described at Salybia and relict reef has been described from the northwest peninsula.  The discovery of a large relict reef system at Guayaguayare Bay (with some living coral elements) is thus an important finding.

It is commonly suggested that mangrove lagoons and sea grass beds function as juvenile reef fish nursery habitats. This assumption has been largely based on the observation that juveniles of certain reef fish species are commonly found in these habitats whereas older juveniles and adults primarily occupy coral reefs. It is believed that mangrove lagoons and sea grass beds enhance growth and survivorship of newly settled reef fishes and that these nursery habitats contribute significantly to the reef-based fish population through ontogenetic habitat shifts.  The existence of substantial seagrass areas and mangrove within Guayaguayare Bay suggests that there is an ideal combination of habitats to promote and sustain large assemblages of marine species, many of commercial importance.  Notably, significant ichthyoplankton assemblages containing millions of juvenile fish that were evident throughout the sampled regions of the reef complex (in some instances these schools of fry/juveniles were so abundant in number that they appeared as dense clouds).  Given the unusual occurrence of reef systems in Guayaguayare Bay (there are no other reef systems documented along the east coast of Trinidad) and their relatively large size, it is thus likely that they serve as essential nursery habitat for a large number of species, including the many commercially important pelagic species.  In this regard, the health of the reef systems of Guayaguayare Bay may be of major significance to the sustainability of these marine fish stocks.

There was a notable absence of live (reef-building) stony corals although the impressive size and topography of the relict reef suggests that this area must have supported such a community at some time in its history.  The exact reasons for the present rarity of stony building corals in Guayaguayare Bay remain uncertain.  There are a few likely scenarios including:

· Salinity change: a sharp halocline exists (which is clearly visible underwater as a darker brackish surface layer floating on a clearer saline layer) and it is likely that this may break down under windy/stormy conditions (November-March) to reduce bottom salinities on the reef to levels intolerable to such species.  If salinity regime change is responsible for the extinction of the previous reef-building species, then this in turn indicates a change in drainage patterns from the continent and/or changes in coastal current patterns.

· Sea-level rise: Alternatively, shallow-water corals can die if rising sea levels (at the end of ice age periods) lead to the erosion of lagoon sediments and soil cover, producing turbid conditions that exceed the tolerance levels of coral communities (as opposed to Holocene strandings in deeper water, because this reef is so shallow).  It was noted throughout the water column and particularly in the darker upper brackish layer that there were high concentrations of particulate matter (appearing as strands of mud) which must eventually rain down to the bottom, which would lead to smothering of species without adequate cleaning mechanisms.  The source and composition of the floating organic matter is not known (i.e., local vs. South American in origin).

5.16 Offshore Macro and Meio Funal Communities

5.16.1 Methods

Macrofauna

During January 2004, a series of benthic grabs was performed in Guayaguayare Bay by the client.  The purpose of these grabs was to retrieve samples in order to characterize macrofaunal species composition and density in the Bay.  Sampling points were designated by epas (Table 5.48 & Figure 5.28).  Recovered sediment samples were thoroughly washed from their containers through a 500‑µm mesh sieve.  Remaining residue was transferred to a squat jar, making sure that none of the sample was lost or trapped in the sieve mesh.  This final container was fixed and dyed with 10% formalin solution and laced with the organic dye Rose Bengal.  These samples were then delivered to the IMA for processing.

Table 5.48: Coordinates of macrofauna sampling stations in Guayaguayare Bay.
	
	Coordinates

(UTM)

	Station
	Latitude
	Longitude

	A
	1119241
	715721.9

	B
	1120679
	713887.9

	C
	1122313
	718656.5

	D
	1121288
	718486.6

	E
	1121487
	718754.8


At the IMA, the retained material from each sample was hand sorted in large ceramic trays, using a 1-cm paintbrush and cold light to carefully scour through the particles and debris, to extract all macrofauna from the sample, which were subsequently stored in glass vials under alcohol.  The organisms were identified under a stereomicroscope using standard texts/keys and enumerated to produce a species list for each grab sample.  Sample residues were checked by a second individual to provide a degree of quality control.  All species retained on the sieve were recorded.  
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Figure 5.28: Map showing locations of and macrofaunal sampling stations within Guayaguayare Bay.
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Figure 5.29: Map Showing Locations of Meiofaunal Sampling Stations within Guayaguayare Bay.

Meiofauna: Polychaetes

Benthic sediment samples were collected by scuba divers.  This was necessitated because of the low success rate of benthic grabs experienced during earlier macrofaunal sampling (above).  The procedure was as follows: a GPS unit was used to navigate to each of the 14 designated stations (Table 5.49, Figure 5.29).

Table 5.49  Coordinates of macrofauna and meiofaunal sampling stations in Guayaguayare Bay.

	
	Coordinates

(UTM)

	
	

	Stn.
	Sampling Status
	Latitude
	Longitude

	1
	OK
	1119746.185
	717334.968

	2
	Dive aborted (> 60' depth)
	1118366.263
	716333.991

	3
	Dive aborted (> 60' depth)
	1117622.433
	715563.235

	4
	Dive aborted (> 60' depth)
	1117041.986
	713488.106

	5
	OK
	1119315.850
	713604.181

	6
	OK
	1119357.318
	714276.080

	7
	OK
	1120018.040
	716992.467

	8
	OK
	1120787.015
	718202.602

	9
	OK
	1121446.875
	718820.668

	10
	OK
	1122350.676
	718885.928

	11
	OK
	1122779.293
	717534.261

	12
	OK
	1122256.684
	716725.734

	13
	OK
	1120651.167
	713901.706

	14
	OK
	1120049.242
	713219.002


Depth was checked using a plumb line to determine if diving was feasible (stations >60’ depth were omitted), thus 11 of the 14 stations were eventually sampled (Stations 1 and 5-14).  Divers descended to the sea floor and retrieved samples at each station using a small custom-made PVC coring device (5 cm ( 2.8 cm diameter).  This was manually driven into the sediment and the contents of the corer were then emptied into a pre-labelled zip lock bag and immediately sealed at the point of extraction.  Two samples were retrieved at each station.  Samples were processed immediately upon returning to the field lab using a flotation extraction technique as follows:

A relaxing agent (MgCl2; 7.5% in distilled water and then 2:1 in sample volume) was added to each ziplock bag to narcotize the organisms and the contents vigorously shaken.  After 3-5 minutes of relaxation, the samples were fixed with buffered commercial formalin 10% in sea water and stained with Rose-Bengal solution and again shaken vigorously.  As soon as the sediment settled, the supernatant was filtered through a 63-µm sieve.  This procedure effectively captured the meiofauna present in the samples.  The retained/sieved fraction was then transferred into a glass vial, making sure that none of the sample was lost or trapped in the sieve mesh during transfer, then labelled and sealed using molten wax.  These samples were shipped by courier to a polychaete specialist in Mexico for processing.

At the Polychates Laboratory in Mexico (El Colegio de la Frontera Sur, Chetumal, Mexico), the samples were transferred from formalin to ethanol 70% and sorted under a stereo-microscope.  Because the samples were stained with Rose-Bengal, some specimens were put in acid-alcohol for a few seconds to remove the excess of stain.  To identify the polychaetes, the specimens were mounted on a slide with a drop of glycerol-alcohol to prevent desiccation and then examined under a compound microscope to study the main characters of taxonomic importance, e.g., kinds of chaetae, parapodial structures, presence/absent of pharyngeal teeth, and number and arrangement of prostomial and peristomial appendages. In some cases, various parapodia were dissected to examine in detail the chaetae. Furthermore, nematodes and harpacticoid copepods were sorted and their abundances per sample were recorded.

Meiofauna: Foraminiferans

Eleven samples of seafloor sediment were taken by scuba divers, at the same time as the polychaete samples, at Stations 1 and 5-14 (Table 5.49 , Figure 5.29).  A shovel was used to retrieve ~10 cm3 of surficial sediment, removing material only from the top 1.5 cm of the seabed.  This was preserved in a mixture of formaldehyde and Rose Bengal, the latter (being a protein stain) that is thought to distinguish live foraminifers from dead.  Dr. Brent Wilson of the University of the West Indies and his associates at BioStratigraphic Associates (Trinidad) Limited were requested to record the live foraminiferal meiofauna in the samples, and to use it as a proxy in determining the conditions prevailing in the Bay.

Because few stained (probable live specimens) foraminifera were recovered from the samples, the project was modified as follows:

· The live fauna was recorded from 10 ml of residue from each washed sample

· The dead fauna was enumerated by picking the first 250-300 unstained, dead specimens from that 10 ml aliquot.  Such dead associations provide information of importance, dead individuals incorporated into the sediment providing a valuable baseline and recording the average conditions that have prevailed at the sample site
All specimens were picked from the >105-micron fraction.  Species were identified using standard references (Cushman 1918-1931, Drooger and Kaasscheiter 1958, Todd and Bronnimann 1957, Mikhalevich 1983).

5.16.2 Results

Macrofauna

Table 5.50 lists the fauna found in the study by taxonomic group.  Table 38 shows the numbers of individuals of each species from each of the replicates taken at each station.  Taxonomic notes are given in Appendix F.

 Table 5.50  Taxonomy of macrobenthic organisms identified from five sampling stations within Guayaguayare Bay.

	Phylum
	Class
	Order
	Family
	Genus/Species

	Nemertea
	Anopla (lpil)
	 
	
	 

	Annelida
	Polychaeta
	Capitellidae
	Notomastus sp. 

	
	
	
	Parheteromastides sp.

	
	
	Glyceridae
	Glycera  sp. a 

	
	
	Goniadidae
	Goniada littorea 

	
	
	Onuphidae
	Onuphis sp. a 

	
	
	
	Diopatra  tridentata

	
	
	
	Nothria  sp. 

	
	
	Opheliidae
	Armandia  maculata

	
	
	
	Armandia  agilis 

	
	
	Orbiniidae
	Leitoscoloplos robustus

	
	
	
	 Scoloplos rubra 

	
	
	
	Scoloplos sp. 

	
	
	Paraonidae
	Aparaonis  sp. 

	
	
	
	Aricidea sp. a 

	
	
	Polynoidae
	Polynoidae Larvae (lpil)

	
	
	Spionidae
	Prionospio sp.

	Mollusca   
	Gastropoda
	Vermetidae
	Petaloconchus erectus 

	
	
	Siphonodentaliidae
	Cadulus sp.

	
	
	Pyramidellidae
	Odostomia gemmulosa  

	
	
	
	Gastropoda  (lpil)

	
	Pelecypoda
	Tellinidae 
	Macoma tenta 

	
	
	
	Tellina caribea

	
	
	Acteonidae
	Acteon punctostrictus

	
	
	Mitridae
	Pusia histrio

	Arthropoda
	Crustacea
	Amphipoda 
	Gammaridea (lpil)
	 

	
	
	
	Caprellinidae (lpil)
	 

	
	Cumacea 
	 
	 
	Hemilamprops sp.

	
	Decapoda 
	 
	Stenopidae
	Stenopus hispidus


Table 5.51  Enumeration of macrofaunal species identified from five sampling stations within Guayaguayare Bay.

	
	STATION
	7
	10
	13
	14
	18
	TOTAL

	
	Species
	A
	B
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C
	

	1
	Nemertean
	 
	 
	2
	1
	1
	3
	 
	2
	 
	 
	 
	0
	0
	0
	9

	2
	Petaloconchus  erectus 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	1
	 
	 
	 
	 
	2

	3
	Cadulus sp. 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	4
	Odostomia gemmulosa 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3
	 
	 
	3

	5
	Gastropod juvenile 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0

	6
	Macoma tenta 
	 
	 
	1
	1
	 
	 
	2
	 
	 
	 
	 
	 
	1
	1
	6

	7
	Tellina caribea 
	 
	 
	 
	1
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	2

	8
	Acteon punctostrictus
	 
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	1

	9
	Pusia histrio
	 
	 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	1

	10
	Notomastus sp. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3
	10
	13

	11
	Parheteromastides sp. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	25
	9
	18
	52

	12
	Glycera sp. a
	 
	 
	 
	 
	 
	5
	 
	 
	 
	 
	 
	 
	 
	 
	5

	13
	Goniada littorea
	6
	5
	 
	 
	 
	 
	1
	3
	 
	 
	 
	10
	6
	9
	40

	14
	Onuphis sp. a 
	1
	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	6

	15
	Diopatra tridentata
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	2

	16
	Nothria sp. 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	1

	17
	Armandia maculata 
	 
	 
	 
	 
	 
	2
	1
	1
	 
	 
	 
	 
	 
	 
	4

	18
	Armandia agilis 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	1
	1
	 
	 
	 
	3

	19
	Leitoscoloplos robustus 
	 
	 
	 
	 
	 
	6
	8
	3
	 
	 
	 
	 
	 
	 
	17

	20
	Scoloplos rubra 
	 
	 
	1
	1
	 
	3
	 
	 
	 
	 
	 
	11
	1
	 
	17

	21
	Scoloplos sp.
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	4
	 
	 
	5

	22
	Aparaonis sp
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	1

	23
	Aricidea sp. a 
	 
	 
	 
	 
	 
	2
	 
	1
	 
	 
	 
	13
	9
	10
	35

	24
	Polynoid larva 
	 
	 
	 
	 
	 
	1
	 
	1
	 
	 
	 
	 
	 
	 
	2

	25
	Prionospio sp.
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	26
	Gammaridae  sp. 1 
	 
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2

	27
	Gammaridae  sp. 2
	 
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2

	28
	Gammaridea sp 3 
	 
	 
	 
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 
	 
	1

	29
	Caprellinidea sp 1 
	 
	3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3

	30
	Caprellinidea sp 2
	 
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2

	31
	Hemilamprops.sp
	 
	2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2

	32
	Stenopus hispidus 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1
	1

	TOTAL
	242


5.2.1.9 Meiofaunal Polychaetes

Table 39 lists the interstitial polychaetes recorded in the Bay samples, and Table  lists the abundances of Polychaetes, nematodes and harpacticoid copepods species by station.

Table 5.52 List of Interstitial Polychaetes Recorded at Guayaguayare Bay, South-Eastern Trinidad.

	Family
	Specific taxon

	Family Ampharetidae Malmgren, 1866
	Ampharetid larva

	Family Nerillidae Levinsen, 1883
	Mesonerilla sp.

	Family Opheliidae Malmgren, 1867
	Armandia maculata (Webster, 1884)

	Family Orbiniidae Hartman, 1942
	Leitoscoloplos foliosus (Hartman, 1951)

	Family Paraonidae Cerruti, 1909
	Aricidea (Acmira) taylori Pettibonne, 1965

	
	Aricidea (Allia) sp.

	
	Cirrophorus lyra guadalupensis Amoureux, 1985

	
	Paraonid larvae

	Family Syllidae Grube, 1850
	Exogone (Paraexogone) sp.

	
	Parapionosyllis uebelackerae San Martín, 1991

	
	Sphaerosyllis (Prosphaerosyllis) sp.

	
	Sphaerosyllis (Sphaerosyllis) magnidentata Perkins, 1981

	
	Syllid larvae


Table 5.53:  Abundance of Polychaetes Species by Station, Including the Abundances of Nematodes and Harpacticoid Copepods.

	Stn.
	Sam.
	Polychaete species
	Abun.
	N-C (abundance)

	1
	A
	Exogone (Paraexogone) sp.
	4
	

	
	
	Syllidae larva
	1
	

	
	
	Paraonidae larva
	1
	

	
	
	

	
	Nematodes (12) Copepods  (1)

	
	B
	Sphaerosyllis (Sphaerosyllis) magnidentata
	4
	

	
	
	
	
	Nematodes (17) Copepods  (4)

	5
	A
	Allia sp.
	2
	

	
	
	
	
	Nematodes (18) Copepods  (6)

	
	B
	None
	
	

	
	
	
	
	Nematodes (24) Copepods  (15)

	6
	A
	Ampharetidae larva
	1
	

	
	
	
	
	Nematodes (47) Copepods  (23)

	
	B
	None
	
	

	
	
	
	
	Nematodes (47) Copepods  (23)

	7
	A
	Parapionosyllis uebelackerae
	2
	

	
	
	Mesonerilla sp.
	3
	

	
	
	
	
	Nematodes (17) Copepods  (16)

	
	B
	Mesonerilla sp.
	1
	

	
	
	
	
	Nematodes (13) Copepods  (18)

	8
	A
	Sphaerosyllis (Prosphaerosyllis) sp.
	2
	

	
	
	
	
	Nematodes (9) Copepods  (33)

	
	B
	Sphaerosyllis (Prosphaerosyllis) sp.
	1
	

	
	
	
	
	Nematodes (13) Copepods  (5)

	9
	A
	None
	
	

	
	
	
	
	Nematodes (214) Copepods  (60)

	
	B
	None
	
	

	
	
	
	
	Nematodes (185) Copepods  (43)

	10
	A
	Leitoscoloplos foliosus
	2
	

	
	
	Allia sp.
	2
	

	
	
	
	
	Nematodes (198) Copepods  (5)

	
	B
	Armandia maculata
	1
	

	
	
	Allia sp.
	3
	

	
	
	
	
	Nematodes (412) Copepods  (32)

	11
	A
	Armandia maculata
	1
	

	
	
	Leitoscoloplos foliosus
	1
	

	
	
	Allia sp.
	4
	

	
	
	Paraonidae larva
	2
	

	
	
	
	
	Nematodes (301) Copepods  (61)

	
	B
	Armandia maculata
	1
	

	
	
	Leitoscoloplos foliosus
	2
	

	
	
	Allia sp.
	2
	

	
	
	
	
	Nematodes (120) Copepods  (30)

	12
	A
	Acmira taylori
	1
	

	
	
	Allia sp.
	2
	

	
	
	Cirrophorus lyra guadalupensis
	1
	

	
	
	Paraonidae larva
	3
	

	
	
	
	
	Nematodes (15) Copepods  (70)

	
	B
	Cirrophorus lyra guadalupensis
	1
	

	
	
	Paraonidae larva
	2
	

	
	
	
	
	Nematodes (28) Copepods  (112)

	13
	A
	None
	
	

	
	
	
	
	Nematodes (98) Copepods  (158)

	
	B
	Paraonidae larva
	1
	

	
	
	
	
	Nematodes (170) Copepods  (270)

	14
	A
	Allia sp. 
	1
	

	
	
	Paraonidae larva
	3
	

	
	
	
	
	Nematodes (30) Copepods  (60)

	
	B
	Paraonidae larva
	1
	

	
	
	
	
	Nematodes (12) Copepods  (27)


Meiofauna: Foraminiferans

The stained (probable living samles collected) foraminifera meiofauna for each of the eleven samples are listed in Table 5.54.  A total of 3126 dead foraminiferal shells (belonging to 78 species) were picked from the samples, the majority of which were rare, with only fifteen species comprising >1% of the total recovery.  The dead meiofauna are listed in Table 5.55.  The latter table also gives the following measures for the dead assemblages:

· N, the number of stained specimens picked from each sample

· S, the number of species represented by stained specimens in each sample

· H’, a measure of the biodiversity in each sample, given by:

H’ = - ( pi * ln pi,

(where pi is the proportional abundance of the ith species)

· E, a measure of species dominance, where

E = eH’ / S

The value of E is constrained between 0 and 1, where 1 reflects the situation when all species are evenly distributed.

For analytical purposes species were placed into three groups according to wall type (Loeblich and Tappan 1964):

i) agglutinated, with tests comprising foreign particles held together by cement secreted by the foraminifera

ii) porcellaneous, with tests constructed of randomly oriented calcite lathes that appear white and opaque under reflected light

iii) hyaline, with glassy walls that appear transparent to translucent under reflected light.

Table 5.54:  Live stained Meiofaunal Foraminifera Found in Guayaguayare Bay samples.

	STATION

SPECIES
	1
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Ammonia beccarii
	-
	-
	-
	-
	-
	-
	-
	8
	1
	1
	-

	Ammonia sarmientoi
	-
	-
	-
	-
	-
	2
	-
	7
	1
	11
	-

	Ammonia tepida
	-
	-
	-
	-
	-
	5
	-
	1
	-
	-
	-

	Brizalina pseudopunctata
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-

	Elphidium poeyanum
	-
	-
	-
	-
	-
	2
	-
	-
	-
	-
	-

	Elphidium translucens
	-
	-
	-
	-
	-
	6
	-
	-
	-
	-
	-

	Hanzawaia concentrica
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1

	Miliolinella circularis
	-
	-
	-
	-
	-
	-
	1
	-
	-
	1
	-

	Miliolinella viguerasi
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2
	-

	Quinqueloculina bicostata
	2
	-
	-
	-
	-
	1
	-
	-
	-
	-
	-

	Quinqueloculina bosciana
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-

	Quinqueloculina sp.
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-

	Triloculina oblonga
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-
	-

	Triloculina rotunda
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-

	N
	2
	0
	0
	0
	0
	16
	3
	17
	3
	16
	1


Table 5.55  Dead meiofaunal foraminifera found in Guayaguayare Bay samples, with wall type groups.

(N = number of stained specimens, S = number of stained species, H = biodiversity, E = dominance.) 

	SAMPLE

SPECIES
	Wall Type
	Stn. 1
	Stn. 5
	Stn. 6
	Stn. 7
	Stn. 8
	Stn. 9
	Stn. 10
	Stn. 11
	Stn. 12
	Stn. 13
	Stn. 14

	Ammobaculites salsus var.
	A
	0
	0
	0
	0
	0
	4
	6
	0
	0
	0
	0

	Clavulina sp. indet.
	A
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8

	Saccammina difflugiformis
	A
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Textularia agglutinans
	A
	4
	0
	16
	6
	3
	2
	23
	2
	1
	3
	1

	Textularia candeiana
	A
	5
	0
	0
	1
	0
	0
	0
	2
	0
	0
	13

	Ammonia beccarii
	H
	0
	5
	0
	0
	1
	1
	2
	41
	7
	4
	1

	Ammonia sarmientoi
	H
	1
	35
	8
	0
	4
	111
	147
	104
	24
	157
	8

	Ammonia tepida
	H
	0
	21
	0
	0
	0
	51
	2
	9
	5
	6
	1

	Amphistegina gibbosa
	H
	107
	4
	83
	117
	64
	7
	8
	16
	1
	15
	8

	Amphistegina papillosa
	H
	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Angulogerina occidentalis
	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Brizalina pseudopunctata
	H
	0
	3
	0
	0
	0
	1
	1
	0
	0
	0
	0

	Cancris sagra
	H
	0
	1
	0
	0
	0
	0
	2
	0
	0
	0
	0

	Cassidulina laevigata
	H
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	Cibicides sp. indet.
	H
	0
	0
	1
	0
	0
	0
	2
	0
	0
	0
	0

	Cibicidoides pseudoungerianus
	H
	0
	4
	1
	0
	0
	1
	0
	4
	0
	3
	1

	Cymbaloporetta tobagoensis
	H
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Discorbis granulosa
	H
	0
	0
	0
	0
	2
	0
	0
	0
	0
	0
	0

	Discorbis rosea
	H
	0
	0
	0
	0
	37
	0
	0
	3
	193
	8
	2

	Elphidium advenum
	H
	0
	0
	0
	0
	0
	0
	0
	5
	0
	0
	0

	Elphidium discoidale
	H
	0
	11
	0
	0
	0
	2
	2
	6
	2
	4
	2

	Elphidium poeyanum
	H
	0
	0
	0
	0
	0
	16
	3
	4
	0
	0
	0

	Elphidium translucens
	H
	0
	0
	0
	0
	0
	45
	0
	0
	0
	0
	0

	Eponides antillarum
	H
	2
	0
	0
	0
	0
	0
	0
	2
	0
	0
	7

	Eponides repandus
	H
	17
	0
	12
	21
	22
	0
	1
	1
	0
	0
	2

	Fissurina flintii
	H
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	Fursenkoina pontoni
	H
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Gen. et sp. indet.
	H
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Glabratella brasiliensis
	H
	0
	16
	3
	0
	0
	3
	8
	0
	10
	16
	0

	Globigerina bulloides
	H
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Globigerinoides ruber
	H
	0
	1
	0
	0
	0
	1
	2
	0
	0
	1
	3

	Globigerinoides t. immaturus
	H
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0

	Globorotalia menardii
	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Gypsina vesicularis
	H
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Gyroidinoides sp. indet.
	H
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Hanzawaia concentrica
	H
	1
	5
	5
	0
	2
	3
	6
	2
	0
	0
	15

	Heterostegina antillarum
	H
	3
	1
	3
	3
	1
	1
	1
	4
	1
	1
	0

	Lagena striata
	H
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Lenticulina rotulata
	H
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0

	Neoconorbina terquemi
	H
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	Nodosaria catesbyi
	H
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Patellina corrugata
	H
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Pseudononion atlanticum
	H
	0
	4
	0
	0
	0
	0
	0
	2
	0
	0
	1

	Rectobolivina raphana
	H
	1
	3
	2
	0
	0
	0
	0
	2
	0
	1
	0

	Reussella atlantica
	H
	0
	4
	10
	0
	1
	1
	1
	6
	0
	5
	0

	Rolshausenia rolshauseni
	H
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	0

	Rosalina bradyi
	H
	0
	2
	0
	0
	0
	0
	3
	0
	1
	0
	1

	Rosalina candeiana
	H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2

	Rosalina cora
	H
	0
	0
	0
	0
	0
	0
	0
	4
	1
	0
	0

	Rosalina sp. indet.
	H
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Sigmavirgulina tortuosa
	H
	0
	1
	2
	0
	0
	2
	0
	0
	0
	0
	0

	Siphonina pulchra
	H
	2
	0
	3
	1
	3
	0
	2
	5
	0
	1
	4

	Spirillina sp. Indet
	H
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Spirillina vivipara
	H
	0
	5
	0
	0
	0
	0
	4
	2
	0
	1
	0

	Uvigerina subperegrina
	H
	0
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0

	Fischerina dubia
	P
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hauerina ornatissima
	P
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Hauerina speciosa
	P
	0
	3
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Miliolinella circularis
	P
	1
	3
	0
	0
	2
	2
	2
	2
	0
	1
	0

	Miliolinella fichteliana
	P
	0
	4
	0
	0
	0
	0
	2
	0
	0
	0
	0

	Miliolinella viguerasi
	P
	0
	1
	0
	0
	0
	0
	5
	0
	0
	4
	0

	Pyrgo subsphaerica
	P
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Quinqueloculina auberiana
	P
	0
	2
	0
	5
	24
	0
	0
	1
	0
	3
	9

	Quinqueloculina bicostata
	P
	137
	31
	102
	124
	105
	3
	21
	34
	18
	38
	160

	Quinqueloculina bosciana
	P
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	Quinqueloculina candeiana
	P
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Quinqueloculina cf. venusta
	P
	0
	38
	0
	0
	0
	0
	0
	1
	1
	2
	0

	Quinqueloculina lamarckiana
	P
	5
	51
	25
	4
	2
	12
	15
	9
	2
	7
	15

	Quinqueloculina philippinensis
	P
	0
	1
	2
	2
	0
	0
	0
	1
	0
	0
	0

	Quinqueloculina polygona
	P
	0
	2
	1
	0
	0
	0
	5
	2
	0
	0
	1

	Quinqueloculina seminula
	P
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0
	8

	Quinqueloculina sp. indet.
	P
	0
	5
	3
	0
	0
	0
	0
	6
	3
	0
	5

	Quinqueloculina venezuelana
	P
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Spiroloculina antillarum
	P
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Triloculina oblonga
	P
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0

	Triloculina rotunda
	P
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Triloculina sp. indet.
	P
	0
	0
	0
	0
	0
	0
	2
	0
	0
	0
	0

	Triloculina trigonula
	P
	0
	21
	0
	0
	0
	0
	0
	2
	5
	1
	1

	N
	
	291
	297
	286
	286
	273
	270
	287
	290
	278
	285
	283

	S
	
	17
	39
	22
	12
	16
	21
	35
	35
	18
	26
	29

	H'
	
	1.37
	2.9
	1.96
	1.29
	1.75
	1.91
	2.15
	2.16
	1.3
	1.83
	1.94

	E
	
	0.232
	0.466
	0.321
	0.304
	0.525
	0.32
	0.244
	0.247
	0.203
	0.24
	0.24

	A-E Index
	
	n/a
	84.7
	n/a
	n/a
	n/a
	72.1
	96.8
	91.1
	94.7
	97.7
	n/a


Table 5.56:  Percentage contributions of predominant dead meiofaunal foraminiferans found in Guayaguayare Bay samples.

	SPECIES

     STATION


	T. agglutinans
	A. beccarii
	A. sarmientoi
	A. tepida
	A. gibbosa
	D. rosea
	E. translucens
	E. repandus
	G. brasiliensis
	H. concentrica
	R. atlantica
	Q. auberiana
	Q. bicostata
	Q. venusta
	Q. lamarckiana

	1
	4
	0
	1
	0
	107
	0
	0
	17
	0
	1
	0
	0
	137
	0
	5

	5
	10
	5
	35
	21
	4
	0
	0
	0
	16
	5
	14
	2
	31
	38
	51

	6
	16
	0
	8
	0
	83
	0
	0
	12
	3
	5
	10
	0
	102
	0
	25

	7
	0
	0
	0
	0
	117
	0
	0
	21
	0
	0
	0
	5
	124
	0
	4

	8
	3
	1
	4
	0
	64
	37
	0
	22
	0
	1
	1
	24
	105
	0
	2

	9
	2
	1
	111
	51
	7
	0
	45
	0
	3
	3
	1
	0
	3
	0
	12

	10
	23
	2
	147
	2
	8
	0
	0
	1
	8
	6
	1
	0
	21
	0
	15

	11
	2
	41
	104
	9
	16
	3
	0
	1
	0
	2
	6
	1
	34
	1
	9

	12
	1
	7
	24
	5
	1
	193
	0
	0
	10
	0
	0
	0
	18
	1
	2

	13
	3
	4
	157
	6
	15
	8
	0
	0
	16
	0
	5
	3
	38
	2
	7

	14
	1
	1
	8
	1
	8
	2
	0
	2
	0
	15
	0
	9
	160
	0
	15

	Percentage (%)
	2.1
	2.0
	19.2
	3.0
	13.8
	7.8
	1.4
	2.4
	1.8
	1.2
	1.2
	1.4
	24.7
	1.3
	4.7


5.16.3 Discussion

5.2.1.10 Macrofauna

The general impression gained from the benthic macrofauna survey conducted in Guayaguayare Bay is that the community structure is relatively diverse, containing a range of taxa - 32 species from 19 families - from four phyla: Annelida, Mollusca, Arthropoda and Rhynchocoela. There were relative large numbers of individuals (242 in total).  The phylum Annelida was the most dominant, numerically accounting for 84% of the organisms found.  Scavengers/detritivores, ectoparasites, deposit feeders, filter feeders, commensals, and predators (see taxa notes in Appendix F) were all represented.  Such an assemblage would be considered typical for macrobenthic habitats.  The low number of stations as well as the apparent lack of commonality between the stations’ respective species’ assemblages prohibits any sophisticated interpretation of their distinction, or of any other factors that may be controlling their faunas.  Additionally, detecting temporal (e.g., wet-dry season) shifts in macrobenthic community structure were beyond the scope of this short survey.  Nonetheless, the information derived from the macrobenthic work will be useful in the context of a baseline for the area that can later be expanded upon.

Meiofauna: Polychaetes

The meiofaunal polychaetes identified belonged to 6 families and 11 species (Table 5.55 and Table 5.56) of which the families Paraonidae and Syllidae were the most frequent and abundant. Polychaetes were present at almost all stations, exception at station 9, but the majority of the meiofauna was represented mainly by nematodes and harpactecoid copepods (Table 5.56).  In general, the lack of baseline data specific to Trinidad, in terms of benthic species and correlated environmental variables, vastly complicates any analysis/synthesis of these data.  However, the compilation of these data will be a useful baseline reference point for future work that may seek to establish spatial and temporal trends and their variability within the Bay.

5.2.1.11 Meiofauna: Foraminiferans

Live fauna

Only 58 stained (probable live specimens) foraminifera were recorded (Table 5.54).  These were mostly derived from samples at the head of the Bay: Stations 9, 11 and 13, where the single most abundant species was Ammonia sarmientoi (21 specimens).  The abundance of this species indicates for these sample sites both low wave‑energy levels and high organic-carbon loadings.  This suggests that the head of the bay has high pollution susceptibility, being only infrequently flushed.  The low recovery of live specimens may have been due to several factors:

Extensive beds of the seagrass Halodule are growing between stations Station 10 and Station 12, to the northeast of the study area.  Foraminifera in seagrass beds in oligotrophic environments are epiphytal, and so would not be recovered live from the sediments.  In contrast, in eutrophic environments only a few genera, such as Ammonia, can live in sediments bound by seagrass rhizomes.  The seagrass meadow in Guayaguayare Bay is apparently situated in a nutrient-rich area that supports many Ammonia sarmientoi.  The paucity of live but infaunal Ammonia specimens from samples taken within the beds may reflect the pore-water chemistry: seagrasses can bind and baffle sediments so effectively that the pore water rapidly becomes dysoxic and precludes the development of large live foraminiferal populations.

A reef, possibly relict, is present at sample sites Station 1, Station 6 and Station 7 (Trevor Yip-Hoi, IMA, pers. comm.).  This yielded a dead fauna of reefal aspect, but few live foraminifera.

Shallow-water foraminifera show pronounced seasonality, recovery at a single station varying between fewer than 10 and more than 1000 specimens per 20 ml sample over the course of the year (Buzas et al. 2002).  In subtropical regions the low recovery coincides with winter.  It is possible that the low recovery recorded here from Guayaguayare Bay is associated with the end of Trinidad’s July‑December rainy season.  If so, greater numbers may be recovered at the height of the dry season.

Dead fauna

A total of 3126 dead foraminiferal shells, belonging to 78 species, were picked from the samples (mean 284 per sample: Table 5.55), the majority of which were of benthonic habit.  Four species were planktonic (Globigerina bulloides, Globigerinoides ruber, Globigerinoides trilobus immaturus and Globorotalia menardii) but only ten specimens were recovered, comprising <0.3% of the total recovery.  Such low percentages of planktonics are typical of inner neritic conditions (de Rijk et al. 1999).  The majority of the remaining 74 species were rare, only fifteen species comprising >1% of the total recovery (Table 43).  These fifteen species collectively comprised 88.1% of the total recovery.  

Hyaline specimens comprised the majority, ~60% with 49 species, while porcellaneous specimens comprised ~36% with 22 species, and specimens with agglutinated walls comprised only ~3% of the total recovery with 5 species (Table 42).  The total number of species per sample ranged between 12 (sample Station 7) and 39 (Station 5), while the value of H’ ranged between 1.3 (Station 12) and 2.9 (Station 5).  The value of E ranged between 0.203 (Station 12) and 0.525 (Station 8).  The general pattern is towards higher diversities in the south of the study area, between sample stations Station 5 and Station 8, and lower diversities towards the north, especially in the vicinity of Station 12. 

The data for the dead fauna reveal a trend towards high organic carbon levels adjacent to shore (samples Station 9 to 11, and 13).  Evidence for this is as follows: 

1. Distribution of Ammonia.  The genus Ammonia comprises infaunal, sediment-dwelling species that typically inhabit calm water conditions with high total organic carbon (TOC) levels (Reinhardt et al. 1994).  Proportions of Ammonia spp. were especially high in samples from Station 9, 10, 11 and 13, all from the north of the study area, for which they indicate high TOC loadings.  However, moderate numbers were also recorded from samples Station 5 and Station 12.  This reflects the development of a band stressed by TOC parallel and adjacent to the shore.  Ammonia tepida inhabits calmer water than A. beccarii (no data are available on the environmental preferences of A. sarmientoi).  The numbers of A. tepida greatly exceeded those of A. beccarii in samples Station 5 and Station 9, for which they indicate slack-water conditions.  However, the numbers of A. beccarii exceeded those of A. tepida in Station 11, for which they indicate greater flushing and, possibly, wave action.

2.  Ammonia-Elphidium Index.  Sen Gupta et al. (1996) noted that, in the Holocene of the Louisiana shelf, the ratio between the numbers of Ammonia spp. and Elphidium spp. is positively correlated with the TOC flux.  They further suggested that the high TOC levels are associated with the development of seasonal dysoxia, and are anthropogenic, being caused by development along the adjacent coast.  Sen Gupta et al. developed an Ammonia-Elphidium Index (A-E Index) that characterises this relationship, but did not either use it to predict TOC levels, or develop confidence levels for the measure.  The A‑E index is calculated from

(NA / [NA + NE])*100

where NA is the number of Ammonia spp., and NE is the number of Elphidium spp.   The values of the A-E Index in Guayaguayare Bay are given in Table for samples where the total number of Ammonia and Elphidium exceed 20.  They indicate high TOC loadings in samples from Station 5, and 9 through 13.  However, the value in Station 9 was lower than those in the remaining samples.

Like the overall distribution of Ammonia spp. outlined above, the A-E Index indicates high TOC loadings in a band parallel to the shore.  The lower value in Station 9 relative to other samples suggests that Galeota Point, at the eastern end of Guayaguayare Bay, shelters the bay from currents that would otherwise flush out particulate organic carbon.  The origin of the carbon is not known, though it may be associated with mangrove swamps along the bay-front and inputs from the South American mainland, particularly during rainy-season months.

3.  Hierarchical agglomerative clustering.  This is a statistical technique that shows the relationships between samples according to the relative numbers of specimens in each species.  It is normally used where a large sample suite is available. In the present instance it was used to check the veracity of the conclusions presented above regarding the distributions of Ammonia spp. and the A-E Index.  Clustering was effected using a matrix of Pearson’s product moment correlation coefficient and average pair-group linkages, but was based only on the eleven most abundant species.  
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Figure 5.30: Guayaguayare Bay, Sample Clustering.
Three major clusters were recognised (Figure 5.30):

Cluster 1.  Sample Stations 1, 6 through 8 and 14.  These are aligned in a band that trends east-west across the southern part of Guayaguayare Bay, and contain many dead specimens of Amphistegina gibbosa and Quinqueloculina bicostata.  These species typically inhabit reefs and shoals, and their presence indicates that a reef, possibly of coral, is developed across the southern border of Guayaguayare Bay.  The specimens at some sites were exquisitely preserved, which suggests that they died only recently, or have been little reworked.  Alternatively, that no live specimens of Amphistegina gibbosa and Quinqueloculina bicostata were recorded may indicate that the reef is relict, perhaps dating from a Pleistocene sea-level high-stand.  Acting in concert with Galeota Point, the reef apparently may shield the bay from currents and waves that would otherwise flush out any particulate organic carbon.

Cluster 2.  Samples Station 9 to Station 11, and Station 13.  These contained many Ammonia spp. and lesser Elphidium spp., but few Amphistegina gibbosa and Quinqueloculina spp.  The area represented by this cluster is subject to a high TOC flux, of which Amphistegina spp. are intolerant (Hallock 2002).

Cluster 3.  This cluster comprises only sample Station 12, which yielded predominantly Discorbis rosea.  Many of the shells are worn and grey, having lost the original purple-red hue that characterises D. rosea.  In the Lesser Antilles Discorbis rosea inhabits oligotrophic backreef sites, where it lives epiphytally on seagrasses and calcareous algae such as Halimeda opuntia and Penicillis capitatus.  It is uncommon at sites subject to eutrophication, and absent where the TOC flux is high.  Though Cluster 3 is represented by only one sample, it is suggested that a similar D. rosea-rich assemblage may occupy the area between the reef (Cluster 1) and the nearshore band of carbon-rich sediments (Cluster 2).  It is unclear whether or not the assemblage in sample Station 12 was relict: nor does the lack of live specimens provide any help in this matter, Discorbis rosea being an epiphytal species that would not normally be recovered live from sediment samples.

5.16.4 Summary

The conclusions presented in this report can only be tentative for the following reasons:

· Sample coverage was limited.  This was particularly so for the macrofaunal samples (only 5 stations).  In general, the inshore/backreef fauna was poorly represented for all three taxonomic groups investigated.

· The sampling regime did not take into account any changes that might occur due to seasonal fluctuations in ambient water conditions (e.g., the low number of live foraminifera that were recovered may have been partly due to seasonality).

· In general, there is a lack of species-specific data for marine macro- and meio-benthic organisms in Tirinidad.

It is recommended that consideration be given to sampling the Bay more densely as well as at various times of year in order to encompass any spatial and temporal variability that may occur in the benthic communities there.
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Guayaguayare Bay

		Summary Tables

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		DATE		BEACH		Sample		MEAN				MEDIAN				SORTING						SKEWNESS		KURTOSIS		PERCENTAGE COMPOSITION						CLASSIFICATION				SORTING

								f		mm		f		mm		f		mm		REMARKS						GRAVEL		SAND		MUD		(FOLK & WARD)				f		Remarks

																																				0.34		Very well sorted

		7th February 2004		Guayaguayare Bay		1 A		1.72		0.30		1.68		0.31		0.66		0.63		Moderately well sorted		0.08		0.94		0.00		99.93		0.02		Sand				0.35		Well sorted

		7th February 2004		Guayaguayare Bay		1 B		1.62		0.33		1.58		0.33		0.67		0.63		Moderately well sorted		0.12		0.88		0.00		99.93		0.07		Sand				0.36		Well sorted

		7th February 2004		Guayaguayare Bay		1 C		1.66		0.32		1.65		0.32		0.58		0.67		Moderately well sorted		0.01		1.00		0.00		99.95		0.05		Sand				0.37		Well sorted

		7th February 2004		Guayaguayare Bay		2 A (2)		1.79		0.29		0.49		0.71		0.12		0.92		Very well sorted		0.12		0.94		0.00		99.98		0.02		Sand				0.39		Well sorted

		7th February 2004		Guayaguayare Bay		2 B (2)		1.78		0.29		1.74		0.30		0.53		0.69		Moderately well sorted		0.11		0.95		0.00		99.99		0.01		Sand				0.41		Well sorted

		7th February 2004		Guayaguayare Bay		2 C (2)		1.80		0.29		1.76		0.30		0.54		0.69		Moderately well sorted		0.14		0.92		0.00		99.98		0.02		Sand				0.43		Well sorted

		7th February 2004		Guayaguayare Bay		3 A		1.38		0.38		1.38		0.38		0.43		0.74		Well sorted		0.02		1.01		0.14		99.86		0.00		Slightly Gravelly Sand				0.44		Well sorted

		7th February 2004		Guayaguayare Bay		3 B		1.37		0.39		1.37		0.39		0.57		0.67		Moderately well sorted		-0.05		1.12		1.94		98.06		0.00		Slightly Gravelly Sand				0.45		Well sorted

		7th February 2004		Guayaguayare Bay		3 C		1.64		0.32		1.65		0.32		0.62		0.65		Moderately well sorted		-0.01		1.00		0.79		99.21		0.00		Slightly Gravelly Sand				0.46		Well sorted

		7th February 2004		Guayaguayare Bay		4 A (2)		1.41		0.38		1.35		0.39		0.56		0.68		Moderately well sorted		0.20		0.98		0.00		99.99		0.01		Sand				0.48		Well sorted

		7th February 2004		Guayaguayare Bay		4 B (2)		1.40		0.38		1.35		0.39		0.54		0.69		Moderately well sorted		0.20		0.91		0.00		99.99		0.01		Sand				0.50		Well sorted

		7th February 2004		Guayaguayare Bay		4 C (2)		1.47		0.36		1.47		0.36		0.57		0.67		Moderately well sorted		0.08		0.85		0.00		99.99		0.01		Sand				0.52		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 A (2)		1.04		0.49		1.02		0.49		0.69		0.62		Moderately well sorted		0.06		1.22		0.19		99.81		0.00		Slightly Gravelly Sand				0.54		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 B (2)		1.42		0.37		1.05		0.48		0.92		0.53		Moderately sorted		0.27		1.06		0.16		99.84		0.00		Slightly Gravelly Sand				0.56		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 C (2)		1.08		0.47		1.07		0.48		0.69		0.62		Moderately well sorted		0.04		1.08		0.04		99.95		0.01		Slightly Gravelly Sand				0.58		Moderately well sorted

																																				0.59		Moderately well sorted

																																				0.60		Moderately well sorted

																																				0.61		Moderately well sorted

																																				0.62		Moderately well sorted

																																				0.63		Moderately well sorted

																																				0.64		Moderately well sorted

																																				0.65		Moderately well sorted

																																				0.66		Moderately well sorted

																																				0.67		Moderately well sorted

																																				0.68		Moderately well sorted

																																				0.69		Moderately well sorted

																																				0.70		Moderately well sorted

																																				0.71		Moderately well sorted

																																				0.72		Moderately sorted

																																				0.73		Moderately sorted

																																				0.74		Moderately sorted

																																				0.75		Moderately sorted

																																				0.76		Moderately sorted

																																				0.77		Moderately sorted

																																				0.78		Moderately sorted

																																				0.79		Moderately sorted

																																				0.80		Moderately sorted

																																				0.81		Moderately sorted

																																				0.82		Moderately sorted

																																				0.83		Moderately sorted

																																				0.84		Moderately sorted

																																				0.85		Moderately sorted

																																				0.86		Moderately sorted

																																				0.87		Moderately sorted

																																				0.88		Moderately sorted

																																				0.89		Moderately sorted

																																				0.90		Moderately sorted

																																				0.91		Moderately sorted

																																				0.92		Moderately sorted

																																				0.93		Moderately sorted

																																				0.94		Moderately sorted

																																				0.95		Moderately sorted

																																				0.96		Moderately sorted

																																				0.97		Moderately sorted

																																				0.98		Moderately sorted

																																				0.99		Moderately sorted

																																				1.00		Moderately sorted

																																				1.01		Poorly sorted

																																				1.02		Poorly sorted

																																				1.03		Poorly sorted

																																				1.04		Poorly sorted

																																				1.05		Poorly sorted

																																				1.06		Poorly sorted

																																				1.07		Poorly sorted

																																				1.08		Poorly sorted

																																				1.09		Poorly sorted

																																				1.10		Poorly sorted

																																				1.11		Poorly sorted

																																				1.12		Poorly sorted

																																				1.13		Poorly sorted

																																				1.14		Poorly sorted

																																				1.15		Poorly sorted

																																				1.16		Poorly sorted

																																				1.17		Poorly sorted

																																				1.18		Poorly sorted
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Well sorted
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Poorly sorted

Numerical Sorting Scale



Means

		Sample		Diameter (mm)		Sorting						1.0000		2.0000		3.0000		4.0000		5.0000				1.0000		0.3156		0.0066

		1A		0.3035		0.6346				Mean		0.3156		0.2890		0.3634		0.3718		0.4451				2.0000		0.2890		0.0016

		1B		0.3261		0.6271				Standard Error		0.0066		0.0016		0.0217		0.0059		0.0359				3.0000		0.3634		0.0217

		1C		0.3172		0.6692																		4.0000		0.3718		0.0059

		2A		0.2885		0.9227																		5.0000		0.4451		0.0359

		2B		0.2919		0.6927

		2C		0.2865		0.6858

		3A		0.3833		0.7427						1.0000		2.0000		3.0000		4.0000		5.0000

		3B		0.3869		0.6729				Mean		0.6436		0.7671		0.6889		0.6784		0.5892

		3C		0.3201		0.6511				Standard Error		0.0130		0.0778		0.0276		0.0045		0.0301

		4A		0.3763		0.6770

		4B		0.3789		0.6867

		4C		0.3601		0.6714

		5A		0.4875		0.6183

		5B		0.3737		0.5290

		5C		0.4741		0.6202

		I		II		III		IV		V

		0.1981		0.1715		0.6355		0.1228		0.6360

		0.2514		0.3294		0.8110		0.1277		0.4980

		0.5964		0.0444		0.7927		0.1205		0.4227
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1A

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Cumulative Percentages

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		16.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		11.3137		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		8.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		5.6569		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.8284		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.14		1.94		0.79		0.00		0.00		0.00		0.00		0.02		0.00		0.18		0.19		0.09		0.16		0.05		0.04

		1.4142		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.77		3.31		1.83		0.18		0.17		0.00		0.19		0.02		0.17		0.97		1.04		0.55		1.18		0.70		0.89

		1.0000		0.32		0.29		0.22		0.00		0.00		0.00		0.00		0.02		0.00		1.56		5.27		2.55		0.46		0.44		0.02		0.43		0.32		0.45		4.52		4.59		4.94		4.45		4.85		4.28

		0.7071		1.47		2.11		2.39		0.14		0.20		0.05		0.13		0.30		0.17		1.84		5.55		3.18		0.66		0.96		0.32		0.95		1.35		0.94		21.79		19.78		21.35		20.47		20.15		21.50

		0.5000		15.26		16.28		16.22		5.60		5.69		3.83		5.40		6.44		5.72		22.89		25.86		24.23		30.88		30.20		33.26		29.00		36.38		28.04		53.70		51.41		55.22		50.93		55.45		53.75

		0.3536		45.73		45.80		46.69		37.52		32.60		36.88		33.84		36.14		33.24		61.17		59.46		59.48		67.76		63.64		69.20		61.57		71.46		59.91		79.18		76.59		78.74		76.40		78.44		76.80

		0.2500		72.92		73.51		73.79		71.08		66.32		73.29		67.19		70.25		66.45		93.38		94.17		93.58		84.71		79.93		87.71		78.43		89.51		77.34		97.24		91.39		96.81		91.62		95.41		91.52

		0.1768		90.04		90.60		91.76		94.37		89.61		94.40		91.13		93.80		89.59		98.90		99.10		99.07		98.37		92.97		99.60		92.25		99.81		92.17		99.96		96.78		99.85		96.64		99.57		96.40

		0.1250		97.84		97.62		98.89		99.34		97.15		99.37		98.59		99.43		96.20		99.42		99.73		99.69		99.98		97.44		99.97		97.49		99.95		97.41		99.98		99.15		99.98		98.75		99.84		98.41

		0.0884		99.79		99.28		99.51		99.65		99.27		99.70		99.92		99.98		99.95		99.97		99.98		99.97		100.00		99.96		100.00		99.97		100.00		99.96		100.00		99.70		100.00		99.59		99.93		99.45

		0.0625		99.98		99.93		99.95		100.00		99.98		100.00		99.99		100.00		99.98		100.00		100.00		100.00		100.00		99.99		100.00		99.99		100.00		99.99		100.00		100.00		100.00		100.00		100.00		99.99

		< 0.0625		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00





1B

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Extracted Percentile Values (phi)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.74		0.67		0.70		0.96		1.02		1.06		0.98		0.93		1.02		0.68		0.27		0.63		0.85		0.67		0.70		0.70		0.75		0.70		0.02		-0.06		0.01		-0.06		-0.02		-0.03

		16		1.04		0.94		1.08		1.28		1.27		1.28		1.26		1.25		1.27		0.96		0.83		1.02		1.11		0.86		0.94		0.88		1.01		0.88		0.38		0.37		0.37		0.48		0.37		0.42

		25		1.25		1.08		1.26		1.44		1.41		1.48		1.38		1.41		1.40		1.09		1.00		1.23		1.24		0.95		1.06		0.96		1.14		0.97		0.55		0.67		0.55		0.60		0.56		0.63

		50		1.68		1.58		1.65		1.78		1.76		1.68		1.74		1.74		1.76		1.38		1.37		1.65		1.52		1.35		1.31		1.35		1.42		1.47		0.93		1.02		0.94		1.05		0.47		1.07

		75		2.13		2.08		2.04		2.11		2.16		2.03		2.13		2.07		2.18		1.67		1.73		2.07		1.80		1.70		1.58		1.76		1.69		1.85		1.30		1.46		1.32		1.51		1.37		1.53

		84		2.44		2.33		2.24		2.26		2.35		2.20		2.33		2.23		2.38		1.81		1.91		2.26		1.94		2.02		1.75		1.97		1.72		2.07		1.48		1.72		1.50		2.73		1.56		1.74

		95		2.76		2.82		2.61		2.58		2.74		2.54		2.71		2.55		2.78		2.11		2.26		2.67		2.21		2.47		2.08		2.48		2.09		2.53		1.84		2.29		1.87		2.29		1.95		2.34

		Extracted Percentile Values (mm)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.60		0.63		0.62		0.51		0.49		0.48		0.51		0.52		0.49		0.62		0.83		0.65		0.55		0.63		0.62		0.62		0.59		0.62		0.99		1.04		0.99		1.04		1.01		1.02

		16		0.49		0.52		0.47		0.41		0.41		0.41		0.42		0.42		0.41		0.51		0.56		0.49		0.46		0.55		0.52		0.54		0.50		0.54		0.77		0.77		0.77		0.72		0.77		0.75

		25		0.42		0.47		0.42		0.37		0.38		0.36		0.38		0.38		0.38		0.47		0.50		0.43		0.42		0.52		0.48		0.51		0.45		0.51		0.68		0.63		0.68		0.66		0.68		0.65

		50		0.31		0.33		0.32		0.29		0.30		0.31		0.30		0.30		0.30		0.38		0.39		0.32		0.35		0.39		0.40		0.39		0.37		0.36		0.52		0.49		0.52		0.48		0.72		0.48

		75		0.23		0.24		0.24		0.23		0.22		0.24		0.23		0.24		0.22		0.31		0.30		0.24		0.29		0.31		0.33		0.30		0.31		0.28		0.41		0.36		0.40		0.35		0.39		0.35

		84		0.18		0.20		0.21		0.21		0.20		0.22		0.20		0.21		0.19		0.29		0.27		0.21		0.26		0.25		0.30		0.26		0.30		0.24		0.36		0.30		0.35		0.15		0.34		0.30

		95		0.15		0.14		0.16		0.17		0.15		0.17		0.15		0.17		0.15		0.23		0.21		0.16		0.22		0.18		0.24		0.18		0.23		0.17		0.28		0.20		0.27		0.20		0.26		0.20





1C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 A				After Sieving:		119.9928

														Error (%):		0.0060

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3858								0.32		0.32

		+ 0.5		0.7071		1.3758								1.15		1.47

		+ 1.0		0.5000		16.5526								13.79		15.26

		+ 1.5		0.3536		36.5540								30.46		45.73

		+ 2.0		0.2500		32.6256								27.19		72.92

		+ 2.5		0.1768		20.5494								17.13		90.04

		+ 3.0		0.1250		9.3564								7.80		97.84

		+ 3.5		0.0884		2.3356								1.95		99.79

		+ 4.0		0.0625		0.2361								0.20		99.98

		PAN		< 0.0625		0.0215								0.02		100.00

				TOTAL:		119.9928								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.66		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 B				After Sieving:		119.9856

														Error (%):		0.0120

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3510								0.29		0.29

		+ 0.5		0.7071		2.1750								1.81		2.11

		+ 1.0		0.5000		17.0023								14.17		16.28

		+ 1.5		0.3536		35.4290								29.53		45.80

		+ 2.0		0.2500		33.2390								27.70		73.51

		+ 2.5		0.1768		20.5085								17.09		90.60

		+ 3.0		0.1250		8.4201								7.02		97.62

		+ 3.5		0.0884		1.9920								1.66		99.28

		+ 4.0		0.0625		0.7825								0.65		99.93

		PAN		< 0.0625		0.0862								0.07		100.00

				TOTAL:		119.9856								100.00

						Graphic Mean (phi):		1.62		0.33		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.58		0.33		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.67		Moderately sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		near symmetrical						% Sand (0.063 - 2.00 mm):		99.93

						Graphic Kurtosis:		0.88		platykurtic						% Mud (< 0.063 mm):		0.07





2A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 C				After Sieving:		119.9610

														Error (%):		0.0325

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.2681								0.22		0.22

		+ 0.5		0.7071		2.5984								2.17		2.39

		+ 1.0		0.5000		16.5942								13.83		16.22

		+ 1.5		0.3536		36.5480								30.47		46.69

		+ 2.0		0.2500		32.5140								27.10		73.79

		+ 2.5		0.1768		21.5547								17.97		91.76

		+ 3.0		0.1250		8.5470								7.12		98.89

		+ 3.5		0.0884		0.7456								0.62		99.51

		+ 4.0		0.0625		0.5326								0.44		99.95

		PAN		< 0.0625		0.0584								0.05		100.00

				TOTAL:		119.9610								100.00

						Graphic Mean (phi):		1.66		0.32		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.65		0.32		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.58		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.05





2B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A				After Sieving:		119.9781

														Error (%):		0.0183

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0024								0.00		0.00

		+ 0.5		0.7071		0.1684								0.14		0.14

		+ 1.0		0.5000		6.5482								5.46		5.60

		+ 1.5		0.3536		38.2914								31.92		37.52

		+ 2.0		0.2500		40.2645								33.56		71.08

		+ 2.5		0.1768		27.9515								23.30		94.37

		+ 3.0		0.1250		5.9648								4.97		99.34

		+ 3.5		0.0884		0.3614								0.30		99.65

		+ 4.0		0.0625		0.4201								0.35		100.00

		PAN		< 0.0625		0.0054								0.00		100.00

				TOTAL:		119.9781								100.00

						Graphic Mean (phi):		1.77		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.78		0.29		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		-0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





2B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A (2)				After Sieving:		119.9935

														Error (%):		0.0054

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0010								0.00		0.00

		0		1.0000		0.0035								0.00		0.00

		+ 0.5		0.7071		0.2361								0.20		0.20

		+ 1.0		0.5000		6.5846								5.49		5.69

		+ 1.5		0.3536		32.2949								26.91		32.60

		+ 2.0		0.2500		40.4546								33.71		66.32

		+ 2.5		0.1768		27.9514								23.29		89.61

		+ 3.0		0.1250		9.0512								7.54		97.15

		+ 3.5		0.0884		2.5435								2.12		99.27

		+ 4.0		0.0625		0.8522								0.71		99.98

		PAN		< 0.0625		0.0205								0.02		100.00

				TOTAL:		119.9935								100.00

						Graphic Mean (phi):		1.79		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B				After Sieving:		119.9904

														Error (%):		0.0080

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0024								0.00		0.00

		0		1.0000		0.0029								0.00		0.00

		+ 0.5		0.7071		0.0584								0.05		0.05

		+ 1.0		0.5000		4.5263								3.77		3.83

		+ 1.5		0.3536		39.6591								33.05		36.88

		+ 2.0		0.2500		43.6958								36.42		73.29

		+ 2.5		0.1768		25.3264								21.11		94.40

		+ 3.0		0.1250		5.9648								4.97		99.37

		+ 3.5		0.0884		0.3914								0.33		99.70

		+ 4.0		0.0625		0.3625								0.30		100.00

		PAN		< 0.0625		0.0004								0.00		100.00

				TOTAL:		119.9904								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.45		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.15		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.10		mesokurtic						% Mud (< 0.063 mm):		0.00





2C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B (2)				After Sieving:		119.9848

														Error (%):		0.0127

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0009								0.00		0.00

		0		1.0000		0.0026								0.00		0.00

		+ 0.5		0.7071		0.1548								0.13		0.13

		+ 1.0		0.5000		6.3230								5.27		5.40

		+ 1.5		0.3536		34.1159								28.43		33.84

		+ 2.0		0.2500		40.0254								33.36		67.19

		+ 2.5		0.1768		28.7136								23.93		91.13

		+ 3.0		0.1250		8.9545								7.46		98.59

		+ 3.5		0.0884		1.6021								1.34		99.92

		+ 4.0		0.0625		0.0824								0.07		99.99

		PAN		< 0.0625		0.0096								0.01		100.00

				TOTAL:		119.9848								100.00

						Graphic Mean (phi):		1.78		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.11		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.95		mesokurtic						% Mud (< 0.063 mm):		0.01





3A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C				After Sieving:		119.9816

														Error (%):		0.0153

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0006								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0170								0.01		0.02

		+ 0.5		0.7071		0.3435								0.29		0.30

		+ 1.0		0.5000		7.3658								6.14		6.44

		+ 1.5		0.3536		35.6382								29.70		36.14

		+ 2.0		0.2500		40.9243								34.11		70.25

		+ 2.5		0.1768		28.2480								23.54		93.80

		+ 3.0		0.1250		6.7624								5.64		99.43

		+ 3.5		0.0884		0.6541								0.55		99.98

		+ 4.0		0.0625		0.0264								0.02		100.00

		PAN		< 0.0625		0.0005								0.00		100.00

				TOTAL:		119.9816								100.00

						Graphic Mean (phi):		1.74		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.00		symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





3B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C (2)				After Sieving:		119.9968

														Error (%):		0.0027

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0028								0.00		0.00

		+ 0.5		0.7071		0.2056								0.17		0.17

		+ 1.0		0.5000		6.6518								5.54		5.72

		+ 1.5		0.3536		33.0268								27.52		33.24

		+ 2.0		0.2500		39.8526								33.21		66.45

		+ 2.5		0.1768		27.7594								23.13		89.59

		+ 3.0		0.1250		7.9424								6.62		96.20

		+ 3.5		0.0884		4.4928								3.74		99.95

		+ 4.0		0.0625		0.0419								0.03		99.98

		PAN		< 0.0625		0.0199								0.02		100.00

				TOTAL:		119.9968								100.00

						Graphic Mean (phi):		1.80		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.14		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.92		mesokurtic						% Mud (< 0.063 mm):		0.02





3C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 A				After Sieving:		119.9855

														Error (%):		0.0121

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1674								0.14		0.14

		- 0.5		1.4142		0.7548								0.63		0.77

		0		1.0000		0.9457								0.79		1.56

		+ 0.5		0.7071		0.3435								0.29		1.84

		+ 1.0		0.5000		25.2515								21.05		22.89

		+ 1.5		0.3536		45.9324								38.28		61.17

		+ 2.0		0.2500		38.6448								32.21		93.38

		+ 2.5		0.1768		6.6281								5.52		98.90

		+ 3.0		0.1250		0.6247								0.52		99.42

		+ 3.5		0.0884		0.6541								0.55		99.97

		+ 4.0		0.0625		0.0364								0.03		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9855								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.38		0.38		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.43		Well sorted						% Gravel (> 2.00 mm):		0.14

						Inclusive Graphic Skewness:		0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		99.86

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





4A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 B				After Sieving:		119.9933

														Error (%):		0.0056

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		2.3254								1.94		1.94

		- 0.5		1.4142		1.6450								1.37		3.31

		0		1.0000		2.3514								1.96		5.27

		+ 0.5		0.7071		0.3435								0.29		5.55

		+ 1.0		0.5000		24.3614								20.30		25.86

		+ 1.5		0.3536		40.3254								33.61		59.46

		+ 2.0		0.2500		41.6485								34.71		94.17

		+ 2.5		0.1768		5.9148								4.93		99.10

		+ 3.0		0.1250		0.7481								0.62		99.73

		+ 3.5		0.0884		0.3023								0.25		99.98

		+ 4.0		0.0625		0.0251								0.02		100.00

		PAN		< 0.0625		0.0024								0.00		100.00

				TOTAL:		119.9933								100.00

						Graphic Mean (phi):		1.37		0.39		(mm)				Classification (Folk, 1980):

						Median (phi):		1.37		0.39		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		1.94

						Inclusive Graphic Skewness:		-0.05		near symmetrical						% Sand (0.063 - 2.00 mm):		98.06

						Graphic Kurtosis:		1.12		leptokurtic						% Mud (< 0.063 mm):		0.00





4A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 C				After Sieving:		119.9969

														Error (%):		0.0026

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.9514								0.79		0.79

		- 0.5		1.4142		1.2450								1.04		1.83

		0		1.0000		0.8635								0.72		2.55

		+ 0.5		0.7071		0.7568								0.63		3.18

		+ 1.0		0.5000		25.2570								21.05		24.23

		+ 1.5		0.3536		42.2951								35.25		59.48

		+ 2.0		0.2500		40.9243								34.10		93.58

		+ 2.5		0.1768		6.5845								5.49		99.07

		+ 3.0		0.1250		0.7514								0.63		99.69

		+ 3.5		0.0884		0.3352								0.28		99.97

		+ 4.0		0.0625		0.0302								0.03		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9969								100.00

						Graphic Mean (phi):		1.64		0.32		(mm)				Classification (Folk, 1980):

						Median (phi):		1.65		0.32		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.62		Moderately well sorted						% Gravel (> 2.00 mm):		0.79

						Inclusive Graphic Skewness:		-0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.21

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A				After Sieving:		119.9973

														Error (%):		0.0023

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2154								0.18		0.18

		0		1.0000		0.3314								0.28		0.46

		+ 0.5		0.7071		0.2402								0.20		0.66

		+ 1.0		0.5000		36.2640								30.22		30.88

		+ 1.5		0.3536		44.2643								36.89		67.76

		+ 2.0		0.2500		20.3359								16.95		84.71

		+ 2.5		0.1768		16.3947								13.66		98.37

		+ 3.0		0.1250		1.9254								1.60		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0033								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9973								100.00

						Graphic Mean (phi):		1.52		0.35		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.52		0.35		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A (2)				After Sieving:		119.9960

														Error (%):		0.0033

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2051								0.17		0.17

		0		1.0000		0.3225								0.27		0.44

		+ 0.5		0.7071		0.6254								0.52		0.96

		+ 1.0		0.5000		35.0816								29.24		30.20

		+ 1.5		0.3536		40.1264								33.44		63.64

		+ 2.0		0.2500		19.5563								16.30		79.93

		+ 2.5		0.1768		15.6484								13.04		92.97

		+ 3.0		0.1250		5.3614								4.47		97.44

		+ 3.5		0.0884		3.0254								2.52		99.96

		+ 4.0		0.0625		0.0333								0.03		99.99

		PAN		< 0.0625		0.0102								0.01		100.00

				TOTAL:		119.9960								100.00

						Graphic Mean (phi):		1.41		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.98		mesokurtic						% Mud (< 0.063 mm):		0.01





4C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B				After Sieving:		119.9985

														Error (%):		0.0012

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0215								0.02		0.02

		+ 0.5		0.7071		0.3615								0.30		0.32

		+ 1.0		0.5000		39.5246								32.94		33.26

		+ 1.5		0.3536		43.1267								35.94		69.20

		+ 2.0		0.2500		22.2154								18.51		87.71

		+ 2.5		0.1768		14.2645								11.89		99.60

		+ 3.0		0.1250		0.4500								0.38		99.97

		+ 3.5		0.0884		0.0335								0.03		100.00

		+ 4.0		0.0625		0.0008								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9985								100.00

						Graphic Mean (phi):		1.33		0.40		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.31		0.40		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.10		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.09		mesokurtic						% Mud (< 0.063 mm):		0.00





4C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B (2)				After Sieving:		119.9947

														Error (%):		0.0044

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2253								0.19		0.19

		0		1.0000		0.2851								0.24		0.43

		+ 0.5		0.7071		0.6251								0.52		0.95

		+ 1.0		0.5000		33.6594								28.05		29.00

		+ 1.5		0.3536		39.0862								32.57		61.57

		+ 2.0		0.2500		20.2257								16.86		78.43

		+ 2.5		0.1768		16.5834								13.82		92.25

		+ 3.0		0.1250		6.2954								5.25		97.49

		+ 3.5		0.0884		2.9695								2.47		99.97

		+ 4.0		0.0625		0.0298								0.02		99.99

		PAN		< 0.0625		0.0098								0.01		100.00

				TOTAL:		119.9947								100.00

						Graphic Mean (phi):		1.40		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.01





5A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C				After Sieving:		119.9926

														Error (%):		0.0062

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0214								0.02		0.02

		- 0.5		1.4142		0.0025								0.00		0.02

		0		1.0000		0.3641								0.30		0.32

		+ 0.5		0.7071		1.2260								1.02		1.35

		+ 1.0		0.5000		42.0365								35.03		36.38

		+ 1.5		0.3536		42.0951								35.08		71.46

		+ 2.0		0.2500		21.6645								18.05		89.51

		+ 2.5		0.1768		12.3540								10.30		99.81

		+ 3.0		0.1250		0.1651								0.14		99.95

		+ 3.5		0.0884		0.0631								0.05		100.00

		+ 4.0		0.0625		0.0001								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9926								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.42		0.37		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.38		Well sorted						% Gravel (> 2.00 mm):		0.02

						Inclusive Graphic Skewness:		-0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





5A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C (2)				After Sieving:		119.9958

														Error (%):		0.0035

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2054								0.17		0.17

		0		1.0000		0.3312								0.28		0.45

		+ 0.5		0.7071		0.5926								0.49		0.94

		+ 1.0		0.5000		32.5129								27.10		28.04

		+ 1.5		0.3536		38.2470								31.87		59.91

		+ 2.0		0.2500		20.9114								17.43		77.34

		+ 2.5		0.1768		17.7948								14.83		92.17

		+ 3.0		0.1250		6.2984								5.25		97.41

		+ 3.5		0.0884		3.0534								2.54		99.96

		+ 4.0		0.0625		0.0359								0.03		99.99

		PAN		< 0.0625		0.0128								0.01		100.00

				TOTAL:		119.9958								100.00

						Graphic Mean (phi):		1.47		0.36		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.47		0.36		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.85		platykurtic						% Mud (< 0.063 mm):		0.01





5B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A				After Sieving:		119.9902

														Error (%):		0.0082

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2158								0.18		0.18

		- 0.5		1.4142		0.9521								0.79		0.97

		0		1.0000		4.2615								3.55		4.52

		+ 0.5		0.7071		20.7154								17.26		21.79

		+ 1.0		0.5000		38.2841								31.91		53.70

		+ 1.5		0.3536		30.5787								25.48		79.18

		+ 2.0		0.2500		21.6745								18.06		97.24

		+ 2.5		0.1768		3.2641								2.72		99.96

		+ 3.0		0.1250		0.0214								0.02		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0000								0.00		100.00

		PAN		< 0.0625		0.0001								0.00		100.00

				TOTAL:		119.9902								100.00

						Graphic Mean (phi):		0.93		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.93		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.55		Moderately well sorted						% Gravel (> 2.00 mm):		0.18

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.82

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A (2)				After Sieving:		119.9952

														Error (%):		0.0040

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2254								0.19		0.19

		- 0.5		1.4142		1.0265								0.86		1.04

		0		1.0000		4.2535								3.54		4.59

		+ 0.5		0.7071		18.2254								15.19		19.78

		+ 1.0		0.5000		37.9583								31.63		51.41

		+ 1.5		0.3536		30.2114								25.18		76.59

		+ 2.0		0.2500		17.7614								14.80		91.39

		+ 2.5		0.1768		6.4662								5.39		96.78

		+ 3.0		0.1250		2.8501								2.38		99.15

		+ 3.5		0.0884		0.6529								0.54		99.70

		+ 4.0		0.0625		0.3620								0.30		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9952								100.00

						Graphic Mean (phi):		1.04		0.49		(mm)				Classification (Folk, 1980):

						Median (phi):		1.02		0.49		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.19

						Inclusive Graphic Skewness:		0.06		near symmetrical						% Sand (0.063 - 2.00 mm):		99.81

						Graphic Kurtosis:		1.22		mesokurtic						% Mud (< 0.063 mm):		0.00





5C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B				After Sieving:		119.9964

														Error (%):		0.0030

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1025								0.09		0.09

		- 0.5		1.4142		0.5584								0.47		0.55

		0		1.0000		5.2615								4.38		4.94

		+ 0.5		0.7071		19.6924								16.41		21.35

		+ 1.0		0.5000		40.6494								33.88		55.22

		+ 1.5		0.3536		28.2264								23.52		78.74

		+ 2.0		0.2500		21.6745								18.06		96.81

		+ 2.5		0.1768		3.6536								3.04		99.85

		+ 3.0		0.1250		0.1546								0.13		99.98

		+ 3.5		0.0884		0.0226								0.02		100.00

		+ 4.0		0.0625		0.0005								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9964								100.00

						Graphic Mean (phi):		0.94		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.94		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.09

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.91

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B (2)				After Sieving:		119.9923

														Error (%):		0.0064

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1954								0.16		0.16

		- 0.5		1.4142		1.2205								1.02		1.18

		0		1.0000		3.9254								3.27		4.45

		+ 0.5		0.7071		19.2263								16.02		20.47

		+ 1.0		0.5000		36.5460								30.46		50.93

		+ 1.5		0.3536		30.5589								25.47		76.40

		+ 2.0		0.2500		18.2622								15.22		91.62

		+ 2.5		0.1768		6.0250								5.02		96.64

		+ 3.0		0.1250		2.5326								2.11		98.75

		+ 3.5		0.0884		1.0058								0.84		99.59

		+ 4.0		0.0625		0.4921								0.41		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9923								100.00

						Graphic Mean (phi):		1.42		0.37		(mm)				Classification (Folk, 1980):

						Median (phi):		1.05		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.92		Moderately sorted						% Gravel (> 2.00 mm):		0.16

						Inclusive Graphic Skewness:		0.27		fine skewed						% Sand (0.063 - 2.00 mm):		99.84

						Graphic Kurtosis:		1.06		mesokurtic						% Mud (< 0.063 mm):		0.00





Grainsize Template

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C				After Sieving:		119.9934

														Error (%):		0.0055

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0584								0.05		0.05

		- 0.5		1.4142		0.7821								0.65		0.70

		0		1.0000		4.9786								4.15		4.85

		+ 0.5		0.7071		18.3565								15.30		20.15

		+ 1.0		0.5000		42.3629								35.30		55.45

		+ 1.5		0.3536		27.5845								22.99		78.44

		+ 2.0		0.2500		20.3647								16.97		95.41

		+ 2.5		0.1768		4.9858								4.16		99.57

		+ 3.0		0.1250		0.3256								0.27		99.84

		+ 3.5		0.0884		0.1052								0.09		99.93

		+ 4.0		0.0625		0.0866								0.07		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9934								100.00

						Graphic Mean (phi):		0.80		0.57		(mm)				Classification (Folk, 1980):

						Median (phi):		0.47		0.72		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.60		Moderately well sorted						% Gravel (> 2.00 mm):		0.05

						Inclusive Graphic Skewness:		0.67		strongly fine skewed						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C (2)				After Sieving:		119.9909

														Error (%):		0.0076

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0485								0.04		0.04

		- 0.5		1.4142		1.0224								0.85		0.89

		0		1.0000		4.0625								3.39		4.28

		+ 0.5		0.7071		20.6650								17.22		21.50

		+ 1.0		0.5000		38.6940								32.25		53.75

		+ 1.5		0.3536		27.6588								23.05		76.80

		+ 2.0		0.2500		17.6628								14.72		91.52

		+ 2.5		0.1768		5.8523								4.88		96.40

		+ 3.0		0.1250		2.4212								2.02		98.41

		+ 3.5		0.0884		1.2422								1.04		99.45

		+ 4.0		0.0625		0.6504								0.54		99.99

		PAN		< 0.0625		0.0108								0.01		100.00

				TOTAL:		119.9909								100.00

						Graphic Mean (phi):		1.08		0.47		(mm)				Classification (Folk, 1980):

						Median (phi):		1.07		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.04

						Inclusive Graphic Skewness:		0.04		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.08		mesokurtic						% Mud (< 0.063 mm):		0.01





		Grainsize Analysis

				Project:		To Characterize sediment granulometry within Guayaguayare Bay

				Client:		EPAS						Project Code:		TAS/EPA 03 002

				Date Collected:		7th February 2004						Date Received:		16th February 2004

				Date Analyzed:								Date Submitted:

				Beach:		Guayaguayare Bay						Sample Weight (g)

												Before Sieving:		120.0000

				Location:				Sample:				After Sieving:

				Description:								Data Analyzed by:		Kevin Khan

												Data Checked by:

		Grainsize (mm)				Weight (g)						Percentage

		16.0000

		11.3137

		8.0000

		5.6569

		4.0000

		2.8284

		2.0000

		1.4142

		1.0000

		0.7071

		0.5000

		0.3536

		0.2500

		0.1768

		0.1250

		0.0884

		0.0625

		< 0.0625

				TOTAL:								0.00

						Graphic Mean (mm):								Classification (Folk, 1980):

						Median (mm):

						Inclusive Graphic Standard Deviation (sorting):								% Gravel (> 2.00 mm):

						Inclusive Graphic Skewness:								% Sand (0.063 - 2.00 mm):

						Graphic Kurtosis:								% Mud (< 0.063 mm):
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Guayaguayare Bay

		Summary Tables

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		DATE		BEACH		Sample		MEAN				MEDIAN				SORTING						SKEWNESS		KURTOSIS		PERCENTAGE COMPOSITION						CLASSIFICATION				SORTING

								f		mm		f		mm		f		mm		REMARKS						GRAVEL		SAND		MUD		(FOLK & WARD)				f		Remarks

																																				0.34		Very well sorted

		7th February 2004		Guayaguayare Bay		1 A		1.72		0.30		1.68		0.31		0.66		0.63		Moderately well sorted		0.08		0.94		0.00		99.93		0.02		Sand				0.35		Well sorted

		7th February 2004		Guayaguayare Bay		1 B		1.62		0.33		1.58		0.33		0.67		0.63		Moderately well sorted		0.12		0.88		0.00		99.93		0.07		Sand				0.36		Well sorted

		7th February 2004		Guayaguayare Bay		1 C		1.66		0.32		1.65		0.32		0.58		0.67		Moderately well sorted		0.01		1.00		0.00		99.95		0.05		Sand				0.37		Well sorted

		7th February 2004		Guayaguayare Bay		2 A (2)		1.79		0.29		0.49		0.71		0.12		0.92		Very well sorted		0.12		0.94		0.00		99.98		0.02		Sand				0.39		Well sorted

		7th February 2004		Guayaguayare Bay		2 B (2)		1.78		0.29		1.74		0.30		0.53		0.69		Moderately well sorted		0.11		0.95		0.00		99.99		0.01		Sand				0.41		Well sorted

		7th February 2004		Guayaguayare Bay		2 C (2)		1.80		0.29		1.76		0.30		0.54		0.69		Moderately well sorted		0.14		0.92		0.00		99.98		0.02		Sand				0.43		Well sorted

		7th February 2004		Guayaguayare Bay		3 A		1.38		0.38		1.38		0.38		0.43		0.74		Well sorted		0.02		1.01		0.14		99.86		0.00		Slightly Gravelly Sand				0.44		Well sorted

		7th February 2004		Guayaguayare Bay		3 B		1.37		0.39		1.37		0.39		0.57		0.67		Moderately well sorted		-0.05		1.12		1.94		98.06		0.00		Slightly Gravelly Sand				0.45		Well sorted

		7th February 2004		Guayaguayare Bay		3 C		1.64		0.32		1.65		0.32		0.62		0.65		Moderately well sorted		-0.01		1.00		0.79		99.21		0.00		Slightly Gravelly Sand				0.46		Well sorted

		7th February 2004		Guayaguayare Bay		4 A (2)		1.41		0.38		1.35		0.39		0.56		0.68		Moderately well sorted		0.20		0.98		0.00		99.99		0.01		Sand				0.48		Well sorted

		7th February 2004		Guayaguayare Bay		4 B (2)		1.40		0.38		1.35		0.39		0.54		0.69		Moderately well sorted		0.20		0.91		0.00		99.99		0.01		Sand				0.50		Well sorted

		7th February 2004		Guayaguayare Bay		4 C (2)		1.47		0.36		1.47		0.36		0.57		0.67		Moderately well sorted		0.08		0.85		0.00		99.99		0.01		Sand				0.52		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 A (2)		1.04		0.49		1.02		0.49		0.69		0.62		Moderately well sorted		0.06		1.22		0.19		99.81		0.00		Slightly Gravelly Sand				0.54		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 B (2)		1.42		0.37		1.05		0.48		0.92		0.53		Moderately sorted		0.27		1.06		0.16		99.84		0.00		Slightly Gravelly Sand				0.56		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 C (2)		1.08		0.47		1.07		0.48		0.69		0.62		Moderately well sorted		0.04		1.08		0.04		99.95		0.01		Slightly Gravelly Sand				0.58		Moderately well sorted

																																				0.59		Moderately well sorted

																																				0.60		Moderately well sorted

																																				0.61		Moderately well sorted

																																				0.62		Moderately well sorted

																																				0.63		Moderately well sorted

																																				0.64		Moderately well sorted

																																				0.65		Moderately well sorted

																																				0.66		Moderately well sorted

																																				0.67		Moderately well sorted

																																				0.68		Moderately well sorted

																																				0.69		Moderately well sorted

																																				0.70		Moderately well sorted

																																				0.71		Moderately well sorted

																																				0.72		Moderately sorted

																																				0.73		Moderately sorted

																																				0.74		Moderately sorted

																																				0.75		Moderately sorted

																																				0.76		Moderately sorted

																																				0.77		Moderately sorted

																																				0.78		Moderately sorted

																																				0.79		Moderately sorted

																																				0.80		Moderately sorted

																																				0.81		Moderately sorted

																																				0.82		Moderately sorted

																																				0.83		Moderately sorted

																																				0.84		Moderately sorted

																																				0.85		Moderately sorted

																																				0.86		Moderately sorted

																																				0.87		Moderately sorted

																																				0.88		Moderately sorted

																																				0.89		Moderately sorted

																																				0.90		Moderately sorted

																																				0.91		Moderately sorted

																																				0.92		Moderately sorted

																																				0.93		Moderately sorted

																																				0.94		Moderately sorted

																																				0.95		Moderately sorted

																																				0.96		Moderately sorted

																																				0.97		Moderately sorted

																																				0.98		Moderately sorted

																																				0.99		Moderately sorted

																																				1.00		Moderately sorted

																																				1.01		Poorly sorted

																																				1.02		Poorly sorted

																																				1.03		Poorly sorted

																																				1.04		Poorly sorted

																																				1.05		Poorly sorted

																																				1.06		Poorly sorted

																																				1.07		Poorly sorted

																																				1.08		Poorly sorted

																																				1.09		Poorly sorted

																																				1.10		Poorly sorted

																																				1.11		Poorly sorted

																																				1.12		Poorly sorted

																																				1.13		Poorly sorted

																																				1.14		Poorly sorted

																																				1.15		Poorly sorted

																																				1.16		Poorly sorted

																																				1.17		Poorly sorted

																																				1.18		Poorly sorted
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Means

		Sample		Diameter (mm)		Sorting						1.0000		2.0000		3.0000		4.0000		5.0000				1.0000		0.3156		0.0066

		1A		0.3035		0.6346				Mean		0.3156		0.2890		0.3634		0.3718		0.4451				2.0000		0.2890		0.0016

		1B		0.3261		0.6271				Standard Error		0.0066		0.0016		0.0217		0.0059		0.0359				3.0000		0.3634		0.0217

		1C		0.3172		0.6692																		4.0000		0.3718		0.0059

		2A		0.2885		0.9227																		5.0000		0.4451		0.0359

		2B		0.2919		0.6927

		2C		0.2865		0.6858

		3A		0.3833		0.7427						1.0000		2.0000		3.0000		4.0000		5.0000

		3B		0.3869		0.6729				Mean		0.6436		0.7671		0.6889		0.6784		0.5892

		3C		0.3201		0.6511				Standard Error		0.0130		0.0778		0.0276		0.0045		0.0301

		4A		0.3763		0.6770

		4B		0.3789		0.6867

		4C		0.3601		0.6714

		5A		0.4875		0.6183

		5B		0.3737		0.5290

		5C		0.4741		0.6202

		I		II		III		IV		V

		0.1981		0.1715		0.6355		0.1228		0.6360

		0.2514		0.3294		0.8110		0.1277		0.4980

		0.5964		0.0444		0.7927		0.1205		0.4227
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Sorting of Sands at Guayaguayare Beach Stations
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1A

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Cumulative Percentages

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		16.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		11.3137		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		8.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		5.6569		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.8284		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.14		1.94		0.79		0.00		0.00		0.00		0.00		0.02		0.00		0.18		0.19		0.09		0.16		0.05		0.04

		1.4142		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.77		3.31		1.83		0.18		0.17		0.00		0.19		0.02		0.17		0.97		1.04		0.55		1.18		0.70		0.89

		1.0000		0.32		0.29		0.22		0.00		0.00		0.00		0.00		0.02		0.00		1.56		5.27		2.55		0.46		0.44		0.02		0.43		0.32		0.45		4.52		4.59		4.94		4.45		4.85		4.28

		0.7071		1.47		2.11		2.39		0.14		0.20		0.05		0.13		0.30		0.17		1.84		5.55		3.18		0.66		0.96		0.32		0.95		1.35		0.94		21.79		19.78		21.35		20.47		20.15		21.50

		0.5000		15.26		16.28		16.22		5.60		5.69		3.83		5.40		6.44		5.72		22.89		25.86		24.23		30.88		30.20		33.26		29.00		36.38		28.04		53.70		51.41		55.22		50.93		55.45		53.75

		0.3536		45.73		45.80		46.69		37.52		32.60		36.88		33.84		36.14		33.24		61.17		59.46		59.48		67.76		63.64		69.20		61.57		71.46		59.91		79.18		76.59		78.74		76.40		78.44		76.80

		0.2500		72.92		73.51		73.79		71.08		66.32		73.29		67.19		70.25		66.45		93.38		94.17		93.58		84.71		79.93		87.71		78.43		89.51		77.34		97.24		91.39		96.81		91.62		95.41		91.52

		0.1768		90.04		90.60		91.76		94.37		89.61		94.40		91.13		93.80		89.59		98.90		99.10		99.07		98.37		92.97		99.60		92.25		99.81		92.17		99.96		96.78		99.85		96.64		99.57		96.40

		0.1250		97.84		97.62		98.89		99.34		97.15		99.37		98.59		99.43		96.20		99.42		99.73		99.69		99.98		97.44		99.97		97.49		99.95		97.41		99.98		99.15		99.98		98.75		99.84		98.41

		0.0884		99.79		99.28		99.51		99.65		99.27		99.70		99.92		99.98		99.95		99.97		99.98		99.97		100.00		99.96		100.00		99.97		100.00		99.96		100.00		99.70		100.00		99.59		99.93		99.45

		0.0625		99.98		99.93		99.95		100.00		99.98		100.00		99.99		100.00		99.98		100.00		100.00		100.00		100.00		99.99		100.00		99.99		100.00		99.99		100.00		100.00		100.00		100.00		100.00		99.99

		< 0.0625		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00





1B

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Extracted Percentile Values (phi)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.74		0.67		0.70		0.96		1.02		1.06		0.98		0.93		1.02		0.68		0.27		0.63		0.85		0.67		0.70		0.70		0.75		0.70		0.02		-0.06		0.01		-0.06		-0.02		-0.03

		16		1.04		0.94		1.08		1.28		1.27		1.28		1.26		1.25		1.27		0.96		0.83		1.02		1.11		0.86		0.94		0.88		1.01		0.88		0.38		0.37		0.37		0.48		0.37		0.42

		25		1.25		1.08		1.26		1.44		1.41		1.48		1.38		1.41		1.40		1.09		1.00		1.23		1.24		0.95		1.06		0.96		1.14		0.97		0.55		0.67		0.55		0.60		0.56		0.63

		50		1.68		1.58		1.65		1.78		1.76		1.68		1.74		1.74		1.76		1.38		1.37		1.65		1.52		1.35		1.31		1.35		1.42		1.47		0.93		1.02		0.94		1.05		0.47		1.07

		75		2.13		2.08		2.04		2.11		2.16		2.03		2.13		2.07		2.18		1.67		1.73		2.07		1.80		1.70		1.58		1.76		1.69		1.85		1.30		1.46		1.32		1.51		1.37		1.53

		84		2.44		2.33		2.24		2.26		2.35		2.20		2.33		2.23		2.38		1.81		1.91		2.26		1.94		2.02		1.75		1.97		1.72		2.07		1.48		1.72		1.50		2.73		1.56		1.74

		95		2.76		2.82		2.61		2.58		2.74		2.54		2.71		2.55		2.78		2.11		2.26		2.67		2.21		2.47		2.08		2.48		2.09		2.53		1.84		2.29		1.87		2.29		1.95		2.34

		Extracted Percentile Values (mm)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.60		0.63		0.62		0.51		0.49		0.48		0.51		0.52		0.49		0.62		0.83		0.65		0.55		0.63		0.62		0.62		0.59		0.62		0.99		1.04		0.99		1.04		1.01		1.02

		16		0.49		0.52		0.47		0.41		0.41		0.41		0.42		0.42		0.41		0.51		0.56		0.49		0.46		0.55		0.52		0.54		0.50		0.54		0.77		0.77		0.77		0.72		0.77		0.75

		25		0.42		0.47		0.42		0.37		0.38		0.36		0.38		0.38		0.38		0.47		0.50		0.43		0.42		0.52		0.48		0.51		0.45		0.51		0.68		0.63		0.68		0.66		0.68		0.65

		50		0.31		0.33		0.32		0.29		0.30		0.31		0.30		0.30		0.30		0.38		0.39		0.32		0.35		0.39		0.40		0.39		0.37		0.36		0.52		0.49		0.52		0.48		0.72		0.48

		75		0.23		0.24		0.24		0.23		0.22		0.24		0.23		0.24		0.22		0.31		0.30		0.24		0.29		0.31		0.33		0.30		0.31		0.28		0.41		0.36		0.40		0.35		0.39		0.35

		84		0.18		0.20		0.21		0.21		0.20		0.22		0.20		0.21		0.19		0.29		0.27		0.21		0.26		0.25		0.30		0.26		0.30		0.24		0.36		0.30		0.35		0.15		0.34		0.30

		95		0.15		0.14		0.16		0.17		0.15		0.17		0.15		0.17		0.15		0.23		0.21		0.16		0.22		0.18		0.24		0.18		0.23		0.17		0.28		0.20		0.27		0.20		0.26		0.20





1C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 A				After Sieving:		119.9928

														Error (%):		0.0060

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3858								0.32		0.32

		+ 0.5		0.7071		1.3758								1.15		1.47

		+ 1.0		0.5000		16.5526								13.79		15.26

		+ 1.5		0.3536		36.5540								30.46		45.73

		+ 2.0		0.2500		32.6256								27.19		72.92

		+ 2.5		0.1768		20.5494								17.13		90.04

		+ 3.0		0.1250		9.3564								7.80		97.84

		+ 3.5		0.0884		2.3356								1.95		99.79

		+ 4.0		0.0625		0.2361								0.20		99.98

		PAN		< 0.0625		0.0215								0.02		100.00

				TOTAL:		119.9928								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.66		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 B				After Sieving:		119.9856

														Error (%):		0.0120

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3510								0.29		0.29

		+ 0.5		0.7071		2.1750								1.81		2.11

		+ 1.0		0.5000		17.0023								14.17		16.28

		+ 1.5		0.3536		35.4290								29.53		45.80

		+ 2.0		0.2500		33.2390								27.70		73.51

		+ 2.5		0.1768		20.5085								17.09		90.60

		+ 3.0		0.1250		8.4201								7.02		97.62

		+ 3.5		0.0884		1.9920								1.66		99.28

		+ 4.0		0.0625		0.7825								0.65		99.93

		PAN		< 0.0625		0.0862								0.07		100.00

				TOTAL:		119.9856								100.00

						Graphic Mean (phi):		1.62		0.33		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.58		0.33		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.67		Moderately sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		near symmetrical						% Sand (0.063 - 2.00 mm):		99.93

						Graphic Kurtosis:		0.88		platykurtic						% Mud (< 0.063 mm):		0.07





2A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 C				After Sieving:		119.9610

														Error (%):		0.0325

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.2681								0.22		0.22

		+ 0.5		0.7071		2.5984								2.17		2.39

		+ 1.0		0.5000		16.5942								13.83		16.22

		+ 1.5		0.3536		36.5480								30.47		46.69

		+ 2.0		0.2500		32.5140								27.10		73.79

		+ 2.5		0.1768		21.5547								17.97		91.76

		+ 3.0		0.1250		8.5470								7.12		98.89

		+ 3.5		0.0884		0.7456								0.62		99.51

		+ 4.0		0.0625		0.5326								0.44		99.95

		PAN		< 0.0625		0.0584								0.05		100.00

				TOTAL:		119.9610								100.00

						Graphic Mean (phi):		1.66		0.32		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.65		0.32		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.58		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.05





2B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A				After Sieving:		119.9781

														Error (%):		0.0183

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0024								0.00		0.00

		+ 0.5		0.7071		0.1684								0.14		0.14

		+ 1.0		0.5000		6.5482								5.46		5.60

		+ 1.5		0.3536		38.2914								31.92		37.52

		+ 2.0		0.2500		40.2645								33.56		71.08

		+ 2.5		0.1768		27.9515								23.30		94.37

		+ 3.0		0.1250		5.9648								4.97		99.34

		+ 3.5		0.0884		0.3614								0.30		99.65

		+ 4.0		0.0625		0.4201								0.35		100.00

		PAN		< 0.0625		0.0054								0.00		100.00

				TOTAL:		119.9781								100.00

						Graphic Mean (phi):		1.77		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.78		0.29		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		-0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





2B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A (2)				After Sieving:		119.9935

														Error (%):		0.0054

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0010								0.00		0.00

		0		1.0000		0.0035								0.00		0.00

		+ 0.5		0.7071		0.2361								0.20		0.20

		+ 1.0		0.5000		6.5846								5.49		5.69

		+ 1.5		0.3536		32.2949								26.91		32.60

		+ 2.0		0.2500		40.4546								33.71		66.32

		+ 2.5		0.1768		27.9514								23.29		89.61

		+ 3.0		0.1250		9.0512								7.54		97.15

		+ 3.5		0.0884		2.5435								2.12		99.27

		+ 4.0		0.0625		0.8522								0.71		99.98

		PAN		< 0.0625		0.0205								0.02		100.00

				TOTAL:		119.9935								100.00

						Graphic Mean (phi):		1.79		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B				After Sieving:		119.9904

														Error (%):		0.0080

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0024								0.00		0.00

		0		1.0000		0.0029								0.00		0.00

		+ 0.5		0.7071		0.0584								0.05		0.05

		+ 1.0		0.5000		4.5263								3.77		3.83

		+ 1.5		0.3536		39.6591								33.05		36.88

		+ 2.0		0.2500		43.6958								36.42		73.29

		+ 2.5		0.1768		25.3264								21.11		94.40

		+ 3.0		0.1250		5.9648								4.97		99.37

		+ 3.5		0.0884		0.3914								0.33		99.70

		+ 4.0		0.0625		0.3625								0.30		100.00

		PAN		< 0.0625		0.0004								0.00		100.00

				TOTAL:		119.9904								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.45		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.15		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.10		mesokurtic						% Mud (< 0.063 mm):		0.00





2C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B (2)				After Sieving:		119.9848

														Error (%):		0.0127

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0009								0.00		0.00

		0		1.0000		0.0026								0.00		0.00

		+ 0.5		0.7071		0.1548								0.13		0.13

		+ 1.0		0.5000		6.3230								5.27		5.40

		+ 1.5		0.3536		34.1159								28.43		33.84

		+ 2.0		0.2500		40.0254								33.36		67.19

		+ 2.5		0.1768		28.7136								23.93		91.13

		+ 3.0		0.1250		8.9545								7.46		98.59

		+ 3.5		0.0884		1.6021								1.34		99.92

		+ 4.0		0.0625		0.0824								0.07		99.99

		PAN		< 0.0625		0.0096								0.01		100.00

				TOTAL:		119.9848								100.00

						Graphic Mean (phi):		1.78		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.11		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.95		mesokurtic						% Mud (< 0.063 mm):		0.01





3A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C				After Sieving:		119.9816

														Error (%):		0.0153

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0006								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0170								0.01		0.02

		+ 0.5		0.7071		0.3435								0.29		0.30

		+ 1.0		0.5000		7.3658								6.14		6.44

		+ 1.5		0.3536		35.6382								29.70		36.14

		+ 2.0		0.2500		40.9243								34.11		70.25

		+ 2.5		0.1768		28.2480								23.54		93.80

		+ 3.0		0.1250		6.7624								5.64		99.43

		+ 3.5		0.0884		0.6541								0.55		99.98

		+ 4.0		0.0625		0.0264								0.02		100.00

		PAN		< 0.0625		0.0005								0.00		100.00

				TOTAL:		119.9816								100.00

						Graphic Mean (phi):		1.74		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.00		symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





3B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C (2)				After Sieving:		119.9968

														Error (%):		0.0027

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0028								0.00		0.00

		+ 0.5		0.7071		0.2056								0.17		0.17

		+ 1.0		0.5000		6.6518								5.54		5.72

		+ 1.5		0.3536		33.0268								27.52		33.24

		+ 2.0		0.2500		39.8526								33.21		66.45

		+ 2.5		0.1768		27.7594								23.13		89.59

		+ 3.0		0.1250		7.9424								6.62		96.20

		+ 3.5		0.0884		4.4928								3.74		99.95

		+ 4.0		0.0625		0.0419								0.03		99.98

		PAN		< 0.0625		0.0199								0.02		100.00

				TOTAL:		119.9968								100.00

						Graphic Mean (phi):		1.80		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.14		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.92		mesokurtic						% Mud (< 0.063 mm):		0.02





3C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 A				After Sieving:		119.9855

														Error (%):		0.0121

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1674								0.14		0.14

		- 0.5		1.4142		0.7548								0.63		0.77

		0		1.0000		0.9457								0.79		1.56

		+ 0.5		0.7071		0.3435								0.29		1.84

		+ 1.0		0.5000		25.2515								21.05		22.89

		+ 1.5		0.3536		45.9324								38.28		61.17

		+ 2.0		0.2500		38.6448								32.21		93.38

		+ 2.5		0.1768		6.6281								5.52		98.90

		+ 3.0		0.1250		0.6247								0.52		99.42

		+ 3.5		0.0884		0.6541								0.55		99.97

		+ 4.0		0.0625		0.0364								0.03		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9855								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.38		0.38		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.43		Well sorted						% Gravel (> 2.00 mm):		0.14

						Inclusive Graphic Skewness:		0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		99.86

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





4A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 B				After Sieving:		119.9933

														Error (%):		0.0056

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		2.3254								1.94		1.94

		- 0.5		1.4142		1.6450								1.37		3.31

		0		1.0000		2.3514								1.96		5.27

		+ 0.5		0.7071		0.3435								0.29		5.55

		+ 1.0		0.5000		24.3614								20.30		25.86

		+ 1.5		0.3536		40.3254								33.61		59.46

		+ 2.0		0.2500		41.6485								34.71		94.17

		+ 2.5		0.1768		5.9148								4.93		99.10

		+ 3.0		0.1250		0.7481								0.62		99.73

		+ 3.5		0.0884		0.3023								0.25		99.98

		+ 4.0		0.0625		0.0251								0.02		100.00

		PAN		< 0.0625		0.0024								0.00		100.00

				TOTAL:		119.9933								100.00

						Graphic Mean (phi):		1.37		0.39		(mm)				Classification (Folk, 1980):

						Median (phi):		1.37		0.39		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		1.94

						Inclusive Graphic Skewness:		-0.05		near symmetrical						% Sand (0.063 - 2.00 mm):		98.06

						Graphic Kurtosis:		1.12		leptokurtic						% Mud (< 0.063 mm):		0.00





4A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 C				After Sieving:		119.9969

														Error (%):		0.0026

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.9514								0.79		0.79

		- 0.5		1.4142		1.2450								1.04		1.83

		0		1.0000		0.8635								0.72		2.55

		+ 0.5		0.7071		0.7568								0.63		3.18

		+ 1.0		0.5000		25.2570								21.05		24.23

		+ 1.5		0.3536		42.2951								35.25		59.48

		+ 2.0		0.2500		40.9243								34.10		93.58

		+ 2.5		0.1768		6.5845								5.49		99.07

		+ 3.0		0.1250		0.7514								0.63		99.69

		+ 3.5		0.0884		0.3352								0.28		99.97

		+ 4.0		0.0625		0.0302								0.03		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9969								100.00

						Graphic Mean (phi):		1.64		0.32		(mm)				Classification (Folk, 1980):

						Median (phi):		1.65		0.32		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.62		Moderately well sorted						% Gravel (> 2.00 mm):		0.79

						Inclusive Graphic Skewness:		-0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.21

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A				After Sieving:		119.9973

														Error (%):		0.0023

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2154								0.18		0.18

		0		1.0000		0.3314								0.28		0.46

		+ 0.5		0.7071		0.2402								0.20		0.66

		+ 1.0		0.5000		36.2640								30.22		30.88

		+ 1.5		0.3536		44.2643								36.89		67.76

		+ 2.0		0.2500		20.3359								16.95		84.71

		+ 2.5		0.1768		16.3947								13.66		98.37

		+ 3.0		0.1250		1.9254								1.60		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0033								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9973								100.00

						Graphic Mean (phi):		1.52		0.35		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.52		0.35		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A (2)				After Sieving:		119.9960

														Error (%):		0.0033

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2051								0.17		0.17

		0		1.0000		0.3225								0.27		0.44

		+ 0.5		0.7071		0.6254								0.52		0.96

		+ 1.0		0.5000		35.0816								29.24		30.20

		+ 1.5		0.3536		40.1264								33.44		63.64

		+ 2.0		0.2500		19.5563								16.30		79.93

		+ 2.5		0.1768		15.6484								13.04		92.97

		+ 3.0		0.1250		5.3614								4.47		97.44

		+ 3.5		0.0884		3.0254								2.52		99.96

		+ 4.0		0.0625		0.0333								0.03		99.99

		PAN		< 0.0625		0.0102								0.01		100.00

				TOTAL:		119.9960								100.00

						Graphic Mean (phi):		1.41		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.98		mesokurtic						% Mud (< 0.063 mm):		0.01





4C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B				After Sieving:		119.9985

														Error (%):		0.0012

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0215								0.02		0.02

		+ 0.5		0.7071		0.3615								0.30		0.32

		+ 1.0		0.5000		39.5246								32.94		33.26

		+ 1.5		0.3536		43.1267								35.94		69.20

		+ 2.0		0.2500		22.2154								18.51		87.71

		+ 2.5		0.1768		14.2645								11.89		99.60

		+ 3.0		0.1250		0.4500								0.38		99.97

		+ 3.5		0.0884		0.0335								0.03		100.00

		+ 4.0		0.0625		0.0008								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9985								100.00

						Graphic Mean (phi):		1.33		0.40		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.31		0.40		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.10		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.09		mesokurtic						% Mud (< 0.063 mm):		0.00





4C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B (2)				After Sieving:		119.9947

														Error (%):		0.0044

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2253								0.19		0.19

		0		1.0000		0.2851								0.24		0.43

		+ 0.5		0.7071		0.6251								0.52		0.95

		+ 1.0		0.5000		33.6594								28.05		29.00

		+ 1.5		0.3536		39.0862								32.57		61.57

		+ 2.0		0.2500		20.2257								16.86		78.43

		+ 2.5		0.1768		16.5834								13.82		92.25

		+ 3.0		0.1250		6.2954								5.25		97.49

		+ 3.5		0.0884		2.9695								2.47		99.97

		+ 4.0		0.0625		0.0298								0.02		99.99

		PAN		< 0.0625		0.0098								0.01		100.00

				TOTAL:		119.9947								100.00

						Graphic Mean (phi):		1.40		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.01





5A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C				After Sieving:		119.9926

														Error (%):		0.0062

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0214								0.02		0.02

		- 0.5		1.4142		0.0025								0.00		0.02

		0		1.0000		0.3641								0.30		0.32

		+ 0.5		0.7071		1.2260								1.02		1.35

		+ 1.0		0.5000		42.0365								35.03		36.38

		+ 1.5		0.3536		42.0951								35.08		71.46

		+ 2.0		0.2500		21.6645								18.05		89.51

		+ 2.5		0.1768		12.3540								10.30		99.81

		+ 3.0		0.1250		0.1651								0.14		99.95

		+ 3.5		0.0884		0.0631								0.05		100.00

		+ 4.0		0.0625		0.0001								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9926								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.42		0.37		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.38		Well sorted						% Gravel (> 2.00 mm):		0.02

						Inclusive Graphic Skewness:		-0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





5A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C (2)				After Sieving:		119.9958

														Error (%):		0.0035

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2054								0.17		0.17

		0		1.0000		0.3312								0.28		0.45

		+ 0.5		0.7071		0.5926								0.49		0.94

		+ 1.0		0.5000		32.5129								27.10		28.04

		+ 1.5		0.3536		38.2470								31.87		59.91

		+ 2.0		0.2500		20.9114								17.43		77.34

		+ 2.5		0.1768		17.7948								14.83		92.17

		+ 3.0		0.1250		6.2984								5.25		97.41

		+ 3.5		0.0884		3.0534								2.54		99.96

		+ 4.0		0.0625		0.0359								0.03		99.99

		PAN		< 0.0625		0.0128								0.01		100.00

				TOTAL:		119.9958								100.00

						Graphic Mean (phi):		1.47		0.36		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.47		0.36		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.85		platykurtic						% Mud (< 0.063 mm):		0.01





5B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A				After Sieving:		119.9902

														Error (%):		0.0082

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2158								0.18		0.18

		- 0.5		1.4142		0.9521								0.79		0.97

		0		1.0000		4.2615								3.55		4.52

		+ 0.5		0.7071		20.7154								17.26		21.79

		+ 1.0		0.5000		38.2841								31.91		53.70

		+ 1.5		0.3536		30.5787								25.48		79.18

		+ 2.0		0.2500		21.6745								18.06		97.24

		+ 2.5		0.1768		3.2641								2.72		99.96

		+ 3.0		0.1250		0.0214								0.02		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0000								0.00		100.00

		PAN		< 0.0625		0.0001								0.00		100.00

				TOTAL:		119.9902								100.00

						Graphic Mean (phi):		0.93		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.93		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.55		Moderately well sorted						% Gravel (> 2.00 mm):		0.18

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.82

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A (2)				After Sieving:		119.9952

														Error (%):		0.0040

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2254								0.19		0.19

		- 0.5		1.4142		1.0265								0.86		1.04

		0		1.0000		4.2535								3.54		4.59

		+ 0.5		0.7071		18.2254								15.19		19.78

		+ 1.0		0.5000		37.9583								31.63		51.41

		+ 1.5		0.3536		30.2114								25.18		76.59

		+ 2.0		0.2500		17.7614								14.80		91.39

		+ 2.5		0.1768		6.4662								5.39		96.78

		+ 3.0		0.1250		2.8501								2.38		99.15

		+ 3.5		0.0884		0.6529								0.54		99.70

		+ 4.0		0.0625		0.3620								0.30		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9952								100.00

						Graphic Mean (phi):		1.04		0.49		(mm)				Classification (Folk, 1980):

						Median (phi):		1.02		0.49		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.19

						Inclusive Graphic Skewness:		0.06		near symmetrical						% Sand (0.063 - 2.00 mm):		99.81

						Graphic Kurtosis:		1.22		mesokurtic						% Mud (< 0.063 mm):		0.00





5C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B				After Sieving:		119.9964

														Error (%):		0.0030

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1025								0.09		0.09

		- 0.5		1.4142		0.5584								0.47		0.55

		0		1.0000		5.2615								4.38		4.94

		+ 0.5		0.7071		19.6924								16.41		21.35

		+ 1.0		0.5000		40.6494								33.88		55.22

		+ 1.5		0.3536		28.2264								23.52		78.74

		+ 2.0		0.2500		21.6745								18.06		96.81

		+ 2.5		0.1768		3.6536								3.04		99.85

		+ 3.0		0.1250		0.1546								0.13		99.98

		+ 3.5		0.0884		0.0226								0.02		100.00

		+ 4.0		0.0625		0.0005								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9964								100.00

						Graphic Mean (phi):		0.94		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.94		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.09

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.91

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B (2)				After Sieving:		119.9923

														Error (%):		0.0064

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1954								0.16		0.16

		- 0.5		1.4142		1.2205								1.02		1.18

		0		1.0000		3.9254								3.27		4.45

		+ 0.5		0.7071		19.2263								16.02		20.47

		+ 1.0		0.5000		36.5460								30.46		50.93

		+ 1.5		0.3536		30.5589								25.47		76.40

		+ 2.0		0.2500		18.2622								15.22		91.62

		+ 2.5		0.1768		6.0250								5.02		96.64

		+ 3.0		0.1250		2.5326								2.11		98.75

		+ 3.5		0.0884		1.0058								0.84		99.59

		+ 4.0		0.0625		0.4921								0.41		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9923								100.00

						Graphic Mean (phi):		1.42		0.37		(mm)				Classification (Folk, 1980):

						Median (phi):		1.05		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.92		Moderately sorted						% Gravel (> 2.00 mm):		0.16

						Inclusive Graphic Skewness:		0.27		fine skewed						% Sand (0.063 - 2.00 mm):		99.84

						Graphic Kurtosis:		1.06		mesokurtic						% Mud (< 0.063 mm):		0.00





Grainsize Template

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C				After Sieving:		119.9934

														Error (%):		0.0055

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0584								0.05		0.05

		- 0.5		1.4142		0.7821								0.65		0.70

		0		1.0000		4.9786								4.15		4.85

		+ 0.5		0.7071		18.3565								15.30		20.15

		+ 1.0		0.5000		42.3629								35.30		55.45

		+ 1.5		0.3536		27.5845								22.99		78.44

		+ 2.0		0.2500		20.3647								16.97		95.41

		+ 2.5		0.1768		4.9858								4.16		99.57

		+ 3.0		0.1250		0.3256								0.27		99.84

		+ 3.5		0.0884		0.1052								0.09		99.93

		+ 4.0		0.0625		0.0866								0.07		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9934								100.00

						Graphic Mean (phi):		0.80		0.57		(mm)				Classification (Folk, 1980):

						Median (phi):		0.47		0.72		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.60		Moderately well sorted						% Gravel (> 2.00 mm):		0.05

						Inclusive Graphic Skewness:		0.67		strongly fine skewed						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C (2)				After Sieving:		119.9909

														Error (%):		0.0076

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0485								0.04		0.04

		- 0.5		1.4142		1.0224								0.85		0.89

		0		1.0000		4.0625								3.39		4.28

		+ 0.5		0.7071		20.6650								17.22		21.50

		+ 1.0		0.5000		38.6940								32.25		53.75

		+ 1.5		0.3536		27.6588								23.05		76.80

		+ 2.0		0.2500		17.6628								14.72		91.52

		+ 2.5		0.1768		5.8523								4.88		96.40

		+ 3.0		0.1250		2.4212								2.02		98.41

		+ 3.5		0.0884		1.2422								1.04		99.45

		+ 4.0		0.0625		0.6504								0.54		99.99

		PAN		< 0.0625		0.0108								0.01		100.00

				TOTAL:		119.9909								100.00

						Graphic Mean (phi):		1.08		0.47		(mm)				Classification (Folk, 1980):

						Median (phi):		1.07		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.04

						Inclusive Graphic Skewness:		0.04		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.08		mesokurtic						% Mud (< 0.063 mm):		0.01





		Grainsize Analysis

				Project:		To Characterize sediment granulometry within Guayaguayare Bay

				Client:		EPAS						Project Code:		TAS/EPA 03 002

				Date Collected:		7th February 2004						Date Received:		16th February 2004

				Date Analyzed:								Date Submitted:

				Beach:		Guayaguayare Bay						Sample Weight (g)

												Before Sieving:		120.0000

				Location:				Sample:				After Sieving:

				Description:								Data Analyzed by:		Kevin Khan

												Data Checked by:

		Grainsize (mm)				Weight (g)						Percentage

		16.0000

		11.3137

		8.0000

		5.6569

		4.0000

		2.8284

		2.0000

		1.4142

		1.0000

		0.7071

		0.5000

		0.3536

		0.2500

		0.1768

		0.1250

		0.0884

		0.0625

		< 0.0625

				TOTAL:								0.00

						Graphic Mean (mm):								Classification (Folk, 1980):

						Median (mm):

						Inclusive Graphic Standard Deviation (sorting):								% Gravel (> 2.00 mm):

						Inclusive Graphic Skewness:								% Sand (0.063 - 2.00 mm):

						Graphic Kurtosis:								% Mud (< 0.063 mm):
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Guayaguayare Bay

		Summary Tables

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		DATE		BEACH		Sample		MEAN				MEDIAN				SORTING						SKEWNESS		KURTOSIS		PERCENTAGE COMPOSITION						CLASSIFICATION				SORTING

								f		mm		f		mm		f		mm		REMARKS						GRAVEL		SAND		MUD		(FOLK & WARD)				f		Remarks

																																				0.34		Very well sorted

		7th February 2004		Guayaguayare Bay		1 A		1.72		0.30		1.68		0.31		0.66		0.63		Moderately well sorted		0.08		0.94		0.00		99.93		0.02		Sand				0.35		Well sorted

		7th February 2004		Guayaguayare Bay		1 B		1.62		0.33		1.58		0.33		0.67		0.63		Moderately well sorted		0.12		0.88		0.00		99.93		0.07		Sand				0.36		Well sorted

		7th February 2004		Guayaguayare Bay		1 C		1.66		0.32		1.65		0.32		0.58		0.67		Moderately well sorted		0.01		1.00		0.00		99.95		0.05		Sand				0.37		Well sorted

		7th February 2004		Guayaguayare Bay		2 A (2)		1.79		0.29		0.49		0.71		0.12		0.92		Very well sorted		0.12		0.94		0.00		99.98		0.02		Sand				0.39		Well sorted

		7th February 2004		Guayaguayare Bay		2 B (2)		1.78		0.29		1.74		0.30		0.53		0.69		Moderately well sorted		0.11		0.95		0.00		99.99		0.01		Sand				0.41		Well sorted

		7th February 2004		Guayaguayare Bay		2 C (2)		1.80		0.29		1.76		0.30		0.54		0.69		Moderately well sorted		0.14		0.92		0.00		99.98		0.02		Sand				0.43		Well sorted

		7th February 2004		Guayaguayare Bay		3 A		1.38		0.38		1.38		0.38		0.43		0.74		Well sorted		0.02		1.01		0.14		99.86		0.00		Slightly Gravelly Sand				0.44		Well sorted

		7th February 2004		Guayaguayare Bay		3 B		1.37		0.39		1.37		0.39		0.57		0.67		Moderately well sorted		-0.05		1.12		1.94		98.06		0.00		Slightly Gravelly Sand				0.45		Well sorted

		7th February 2004		Guayaguayare Bay		3 C		1.64		0.32		1.65		0.32		0.62		0.65		Moderately well sorted		-0.01		1.00		0.79		99.21		0.00		Slightly Gravelly Sand				0.46		Well sorted

		7th February 2004		Guayaguayare Bay		4 A (2)		1.41		0.38		1.35		0.39		0.56		0.68		Moderately well sorted		0.20		0.98		0.00		99.99		0.01		Sand				0.48		Well sorted

		7th February 2004		Guayaguayare Bay		4 B (2)		1.40		0.38		1.35		0.39		0.54		0.69		Moderately well sorted		0.20		0.91		0.00		99.99		0.01		Sand				0.50		Well sorted

		7th February 2004		Guayaguayare Bay		4 C (2)		1.47		0.36		1.47		0.36		0.57		0.67		Moderately well sorted		0.08		0.85		0.00		99.99		0.01		Sand				0.52		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 A (2)		1.04		0.49		1.02		0.49		0.69		0.62		Moderately well sorted		0.06		1.22		0.19		99.81		0.00		Slightly Gravelly Sand				0.54		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 B (2)		1.42		0.37		1.05		0.48		0.92		0.53		Moderately sorted		0.27		1.06		0.16		99.84		0.00		Slightly Gravelly Sand				0.56		Moderately well sorted

		7th February 2004		Guayaguayare Bay		5 C (2)		1.08		0.47		1.07		0.48		0.69		0.62		Moderately well sorted		0.04		1.08		0.04		99.95		0.01		Slightly Gravelly Sand				0.58		Moderately well sorted

																																				0.59		Moderately well sorted

																																				0.60		Moderately well sorted

																																				0.61		Moderately well sorted

																																				0.62		Moderately well sorted

																																				0.63		Moderately well sorted

																																				0.64		Moderately well sorted

																																				0.65		Moderately well sorted

																																				0.66		Moderately well sorted

																																				0.67		Moderately well sorted

																																				0.68		Moderately well sorted

																																				0.69		Moderately well sorted

																																				0.70		Moderately well sorted

																																				0.71		Moderately well sorted

																																				0.72		Moderately sorted

																																				0.73		Moderately sorted

																																				0.74		Moderately sorted

																																				0.75		Moderately sorted

																																				0.76		Moderately sorted

																																				0.77		Moderately sorted

																																				0.78		Moderately sorted

																																				0.79		Moderately sorted

																																				0.80		Moderately sorted

																																				0.81		Moderately sorted

																																				0.82		Moderately sorted

																																				0.83		Moderately sorted

																																				0.84		Moderately sorted

																																				0.85		Moderately sorted

																																				0.86		Moderately sorted

																																				0.87		Moderately sorted

																																				0.88		Moderately sorted

																																				0.89		Moderately sorted

																																				0.90		Moderately sorted

																																				0.91		Moderately sorted

																																				0.92		Moderately sorted

																																				0.93		Moderately sorted

																																				0.94		Moderately sorted

																																				0.95		Moderately sorted

																																				0.96		Moderately sorted

																																				0.97		Moderately sorted

																																				0.98		Moderately sorted

																																				0.99		Moderately sorted

																																				1.00		Moderately sorted

																																				1.01		Poorly sorted

																																				1.02		Poorly sorted

																																				1.03		Poorly sorted

																																				1.04		Poorly sorted

																																				1.05		Poorly sorted

																																				1.06		Poorly sorted

																																				1.07		Poorly sorted

																																				1.08		Poorly sorted

																																				1.09		Poorly sorted

																																				1.10		Poorly sorted

																																				1.11		Poorly sorted

																																				1.12		Poorly sorted

																																				1.13		Poorly sorted

																																				1.14		Poorly sorted

																																				1.15		Poorly sorted

																																				1.16		Poorly sorted

																																				1.17		Poorly sorted

																																				1.18		Poorly sorted
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Very well sorted

Well sorted

Moderately well sorted

Moderately sorted

Poorly sorted

Numerical Sorting Scale



Means

		Sample		Diameter (mm)		Sorting						1.0000		2.0000		3.0000		4.0000		5.0000				1.0000		0.3156		0.0066

		1A		0.3035		0.6346				Mean		0.3156		0.2890		0.3634		0.3718		0.4451				2.0000		0.2890		0.0016

		1B		0.3261		0.6271				Standard Error		0.0066		0.0016		0.0217		0.0059		0.0359				3.0000		0.3634		0.0217

		1C		0.3172		0.6692																		4.0000		0.3718		0.0059

		2A		0.2885		0.9227																		5.0000		0.4451		0.0359

		2B		0.2919		0.6927

		2C		0.2865		0.6858

		3A		0.3833		0.7427						1.0000		2.0000		3.0000		4.0000		5.0000

		3B		0.3869		0.6729				Mean		0.6436		0.7671		0.6889		0.6784		0.5892

		3C		0.3201		0.6511				Standard Error		0.0130		0.0778		0.0276		0.0045		0.0301

		4A		0.3763		0.6770

		4B		0.3789		0.6867

		4C		0.3601		0.6714

		5A		0.4875		0.6183

		5B		0.3737		0.5290

		5C		0.4741		0.6202

		I		II		III		IV		V

		0.1981		0.1715		0.6355		0.1228		0.6360

		0.2514		0.3294		0.8110		0.1277		0.4980

		0.5964		0.0444		0.7927		0.1205		0.4227
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Cumulative Percentages
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Mean Particle Diameter at Sampling Stations
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(0.32 ± 0.01)

Stn. 2
(0.29 ± 0.00)

Stn. 3
(0.36 ± 0.02)

Stn. 4
(0.37 ± 0.01)

Stn 5
(0.45 ± 0.04)

0.00

0.00

0.00

0.00

0.00



Percentile Values
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Sorting of Sands at Guayaguayare Beach Stations
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(0.64 ± 0.01)
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1A

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Cumulative Percentages

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		16.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		11.3137		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		8.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		5.6569		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.8284		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.0000		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.14		1.94		0.79		0.00		0.00		0.00		0.00		0.02		0.00		0.18		0.19		0.09		0.16		0.05		0.04

		1.4142		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.77		3.31		1.83		0.18		0.17		0.00		0.19		0.02		0.17		0.97		1.04		0.55		1.18		0.70		0.89

		1.0000		0.32		0.29		0.22		0.00		0.00		0.00		0.00		0.02		0.00		1.56		5.27		2.55		0.46		0.44		0.02		0.43		0.32		0.45		4.52		4.59		4.94		4.45		4.85		4.28

		0.7071		1.47		2.11		2.39		0.14		0.20		0.05		0.13		0.30		0.17		1.84		5.55		3.18		0.66		0.96		0.32		0.95		1.35		0.94		21.79		19.78		21.35		20.47		20.15		21.50

		0.5000		15.26		16.28		16.22		5.60		5.69		3.83		5.40		6.44		5.72		22.89		25.86		24.23		30.88		30.20		33.26		29.00		36.38		28.04		53.70		51.41		55.22		50.93		55.45		53.75

		0.3536		45.73		45.80		46.69		37.52		32.60		36.88		33.84		36.14		33.24		61.17		59.46		59.48		67.76		63.64		69.20		61.57		71.46		59.91		79.18		76.59		78.74		76.40		78.44		76.80

		0.2500		72.92		73.51		73.79		71.08		66.32		73.29		67.19		70.25		66.45		93.38		94.17		93.58		84.71		79.93		87.71		78.43		89.51		77.34		97.24		91.39		96.81		91.62		95.41		91.52

		0.1768		90.04		90.60		91.76		94.37		89.61		94.40		91.13		93.80		89.59		98.90		99.10		99.07		98.37		92.97		99.60		92.25		99.81		92.17		99.96		96.78		99.85		96.64		99.57		96.40

		0.1250		97.84		97.62		98.89		99.34		97.15		99.37		98.59		99.43		96.20		99.42		99.73		99.69		99.98		97.44		99.97		97.49		99.95		97.41		99.98		99.15		99.98		98.75		99.84		98.41

		0.0884		99.79		99.28		99.51		99.65		99.27		99.70		99.92		99.98		99.95		99.97		99.98		99.97		100.00		99.96		100.00		99.97		100.00		99.96		100.00		99.70		100.00		99.59		99.93		99.45

		0.0625		99.98		99.93		99.95		100.00		99.98		100.00		99.99		100.00		99.98		100.00		100.00		100.00		100.00		99.99		100.00		99.99		100.00		99.99		100.00		100.00		100.00		100.00		100.00		99.99

		< 0.0625		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00





1B

		Grainsize Analysis

		Guayaguayare Bay

		EPAS (TAS/EPA 03 002)

		Extracted Percentile Values (phi)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.74		0.67		0.70		0.96		1.02		1.06		0.98		0.93		1.02		0.68		0.27		0.63		0.85		0.67		0.70		0.70		0.75		0.70		0.02		-0.06		0.01		-0.06		-0.02		-0.03

		16		1.04		0.94		1.08		1.28		1.27		1.28		1.26		1.25		1.27		0.96		0.83		1.02		1.11		0.86		0.94		0.88		1.01		0.88		0.38		0.37		0.37		0.48		0.37		0.42

		25		1.25		1.08		1.26		1.44		1.41		1.48		1.38		1.41		1.40		1.09		1.00		1.23		1.24		0.95		1.06		0.96		1.14		0.97		0.55		0.67		0.55		0.60		0.56		0.63

		50		1.68		1.58		1.65		1.78		1.76		1.68		1.74		1.74		1.76		1.38		1.37		1.65		1.52		1.35		1.31		1.35		1.42		1.47		0.93		1.02		0.94		1.05		0.47		1.07

		75		2.13		2.08		2.04		2.11		2.16		2.03		2.13		2.07		2.18		1.67		1.73		2.07		1.80		1.70		1.58		1.76		1.69		1.85		1.30		1.46		1.32		1.51		1.37		1.53

		84		2.44		2.33		2.24		2.26		2.35		2.20		2.33		2.23		2.38		1.81		1.91		2.26		1.94		2.02		1.75		1.97		1.72		2.07		1.48		1.72		1.50		2.73		1.56		1.74

		95		2.76		2.82		2.61		2.58		2.74		2.54		2.71		2.55		2.78		2.11		2.26		2.67		2.21		2.47		2.08		2.48		2.09		2.53		1.84		2.29		1.87		2.29		1.95		2.34

		Extracted Percentile Values (mm)

				1A		1B		1C		2A		2A (2)		2B		2B (2)		2C		2C (2)		3A		3B		3C		4A		4A (2)		4B		4B (2)		4C		4C (2)		5A		5A (2)		5B		5B (2)		5C		5C (2)

		5		0.60		0.63		0.62		0.51		0.49		0.48		0.51		0.52		0.49		0.62		0.83		0.65		0.55		0.63		0.62		0.62		0.59		0.62		0.99		1.04		0.99		1.04		1.01		1.02

		16		0.49		0.52		0.47		0.41		0.41		0.41		0.42		0.42		0.41		0.51		0.56		0.49		0.46		0.55		0.52		0.54		0.50		0.54		0.77		0.77		0.77		0.72		0.77		0.75

		25		0.42		0.47		0.42		0.37		0.38		0.36		0.38		0.38		0.38		0.47		0.50		0.43		0.42		0.52		0.48		0.51		0.45		0.51		0.68		0.63		0.68		0.66		0.68		0.65

		50		0.31		0.33		0.32		0.29		0.30		0.31		0.30		0.30		0.30		0.38		0.39		0.32		0.35		0.39		0.40		0.39		0.37		0.36		0.52		0.49		0.52		0.48		0.72		0.48

		75		0.23		0.24		0.24		0.23		0.22		0.24		0.23		0.24		0.22		0.31		0.30		0.24		0.29		0.31		0.33		0.30		0.31		0.28		0.41		0.36		0.40		0.35		0.39		0.35

		84		0.18		0.20		0.21		0.21		0.20		0.22		0.20		0.21		0.19		0.29		0.27		0.21		0.26		0.25		0.30		0.26		0.30		0.24		0.36		0.30		0.35		0.15		0.34		0.30

		95		0.15		0.14		0.16		0.17		0.15		0.17		0.15		0.17		0.15		0.23		0.21		0.16		0.22		0.18		0.24		0.18		0.23		0.17		0.28		0.20		0.27		0.20		0.26		0.20





1C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 A				After Sieving:		119.9928

														Error (%):		0.0060

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3858								0.32		0.32

		+ 0.5		0.7071		1.3758								1.15		1.47

		+ 1.0		0.5000		16.5526								13.79		15.26

		+ 1.5		0.3536		36.5540								30.46		45.73

		+ 2.0		0.2500		32.6256								27.19		72.92

		+ 2.5		0.1768		20.5494								17.13		90.04

		+ 3.0		0.1250		9.3564								7.80		97.84

		+ 3.5		0.0884		2.3356								1.95		99.79

		+ 4.0		0.0625		0.2361								0.20		99.98

		PAN		< 0.0625		0.0215								0.02		100.00

				TOTAL:		119.9928								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.66		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 B				After Sieving:		119.9856

														Error (%):		0.0120

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.3510								0.29		0.29

		+ 0.5		0.7071		2.1750								1.81		2.11

		+ 1.0		0.5000		17.0023								14.17		16.28

		+ 1.5		0.3536		35.4290								29.53		45.80

		+ 2.0		0.2500		33.2390								27.70		73.51

		+ 2.5		0.1768		20.5085								17.09		90.60

		+ 3.0		0.1250		8.4201								7.02		97.62

		+ 3.5		0.0884		1.9920								1.66		99.28

		+ 4.0		0.0625		0.7825								0.65		99.93

		PAN		< 0.0625		0.0862								0.07		100.00

				TOTAL:		119.9856								100.00

						Graphic Mean (phi):		1.62		0.33		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.58		0.33		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.67		Moderately sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		near symmetrical						% Sand (0.063 - 2.00 mm):		99.93

						Graphic Kurtosis:		0.88		platykurtic						% Mud (< 0.063 mm):		0.07





2A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		1 C				After Sieving:		119.9610

														Error (%):		0.0325

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.2681								0.22		0.22

		+ 0.5		0.7071		2.5984								2.17		2.39

		+ 1.0		0.5000		16.5942								13.83		16.22

		+ 1.5		0.3536		36.5480								30.47		46.69

		+ 2.0		0.2500		32.5140								27.10		73.79

		+ 2.5		0.1768		21.5547								17.97		91.76

		+ 3.0		0.1250		8.5470								7.12		98.89

		+ 3.5		0.0884		0.7456								0.62		99.51

		+ 4.0		0.0625		0.5326								0.44		99.95

		PAN		< 0.0625		0.0584								0.05		100.00

				TOTAL:		119.9610								100.00

						Graphic Mean (phi):		1.66		0.32		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.65		0.32		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.58		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.05





2B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A				After Sieving:		119.9781

														Error (%):		0.0183

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0024								0.00		0.00

		+ 0.5		0.7071		0.1684								0.14		0.14

		+ 1.0		0.5000		6.5482								5.46		5.60

		+ 1.5		0.3536		38.2914								31.92		37.52

		+ 2.0		0.2500		40.2645								33.56		71.08

		+ 2.5		0.1768		27.9515								23.30		94.37

		+ 3.0		0.1250		5.9648								4.97		99.34

		+ 3.5		0.0884		0.3614								0.30		99.65

		+ 4.0		0.0625		0.4201								0.35		100.00

		PAN		< 0.0625		0.0054								0.00		100.00

				TOTAL:		119.9781								100.00

						Graphic Mean (phi):		1.77		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.78		0.29		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		-0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





2B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 A (2)				After Sieving:		119.9935

														Error (%):		0.0054

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0010								0.00		0.00

		0		1.0000		0.0035								0.00		0.00

		+ 0.5		0.7071		0.2361								0.20		0.20

		+ 1.0		0.5000		6.5846								5.49		5.69

		+ 1.5		0.3536		32.2949								26.91		32.60

		+ 2.0		0.2500		40.4546								33.71		66.32

		+ 2.5		0.1768		27.9514								23.29		89.61

		+ 3.0		0.1250		9.0512								7.54		97.15

		+ 3.5		0.0884		2.5435								2.12		99.27

		+ 4.0		0.0625		0.8522								0.71		99.98

		PAN		< 0.0625		0.0205								0.02		100.00

				TOTAL:		119.9935								100.00

						Graphic Mean (phi):		1.79		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.12		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.94		mesokurtic						% Mud (< 0.063 mm):		0.02





2C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B				After Sieving:		119.9904

														Error (%):		0.0080

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0024								0.00		0.00

		0		1.0000		0.0029								0.00		0.00

		+ 0.5		0.7071		0.0584								0.05		0.05

		+ 1.0		0.5000		4.5263								3.77		3.83

		+ 1.5		0.3536		39.6591								33.05		36.88

		+ 2.0		0.2500		43.6958								36.42		73.29

		+ 2.5		0.1768		25.3264								21.11		94.40

		+ 3.0		0.1250		5.9648								4.97		99.37

		+ 3.5		0.0884		0.3914								0.33		99.70

		+ 4.0		0.0625		0.3625								0.30		100.00

		PAN		< 0.0625		0.0004								0.00		100.00

				TOTAL:		119.9904								100.00

						Graphic Mean (phi):		1.72		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.68		0.31		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.45		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.15		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.10		mesokurtic						% Mud (< 0.063 mm):		0.00





2C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 B (2)				After Sieving:		119.9848

														Error (%):		0.0127

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0009								0.00		0.00

		0		1.0000		0.0026								0.00		0.00

		+ 0.5		0.7071		0.1548								0.13		0.13

		+ 1.0		0.5000		6.3230								5.27		5.40

		+ 1.5		0.3536		34.1159								28.43		33.84

		+ 2.0		0.2500		40.0254								33.36		67.19

		+ 2.5		0.1768		28.7136								23.93		91.13

		+ 3.0		0.1250		8.9545								7.46		98.59

		+ 3.5		0.0884		1.6021								1.34		99.92

		+ 4.0		0.0625		0.0824								0.07		99.99

		PAN		< 0.0625		0.0096								0.01		100.00

				TOTAL:		119.9848								100.00

						Graphic Mean (phi):		1.78		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.53		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.11		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.95		mesokurtic						% Mud (< 0.063 mm):		0.01





3A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C				After Sieving:		119.9816

														Error (%):		0.0153

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0006								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0170								0.01		0.02

		+ 0.5		0.7071		0.3435								0.29		0.30

		+ 1.0		0.5000		7.3658								6.14		6.44

		+ 1.5		0.3536		35.6382								29.70		36.14

		+ 2.0		0.2500		40.9243								34.11		70.25

		+ 2.5		0.1768		28.2480								23.54		93.80

		+ 3.0		0.1250		6.7624								5.64		99.43

		+ 3.5		0.0884		0.6541								0.55		99.98

		+ 4.0		0.0625		0.0264								0.02		100.00

		PAN		< 0.0625		0.0005								0.00		100.00

				TOTAL:		119.9816								100.00

						Graphic Mean (phi):		1.74		0.30		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.74		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.49		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.00		symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





3B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		2 C (2)				After Sieving:		119.9968

														Error (%):		0.0027

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0008								0.00		0.00

		0		1.0000		0.0028								0.00		0.00

		+ 0.5		0.7071		0.2056								0.17		0.17

		+ 1.0		0.5000		6.6518								5.54		5.72

		+ 1.5		0.3536		33.0268								27.52		33.24

		+ 2.0		0.2500		39.8526								33.21		66.45

		+ 2.5		0.1768		27.7594								23.13		89.59

		+ 3.0		0.1250		7.9424								6.62		96.20

		+ 3.5		0.0884		4.4928								3.74		99.95

		+ 4.0		0.0625		0.0419								0.03		99.98

		PAN		< 0.0625		0.0199								0.02		100.00

				TOTAL:		119.9968								100.00

						Graphic Mean (phi):		1.80		0.29		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.76		0.30		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.14		fine skewed						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		0.92		mesokurtic						% Mud (< 0.063 mm):		0.02





3C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 A				After Sieving:		119.9855

														Error (%):		0.0121

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1674								0.14		0.14

		- 0.5		1.4142		0.7548								0.63		0.77

		0		1.0000		0.9457								0.79		1.56

		+ 0.5		0.7071		0.3435								0.29		1.84

		+ 1.0		0.5000		25.2515								21.05		22.89

		+ 1.5		0.3536		45.9324								38.28		61.17

		+ 2.0		0.2500		38.6448								32.21		93.38

		+ 2.5		0.1768		6.6281								5.52		98.90

		+ 3.0		0.1250		0.6247								0.52		99.42

		+ 3.5		0.0884		0.6541								0.55		99.97

		+ 4.0		0.0625		0.0364								0.03		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9855								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.38		0.38		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.43		Well sorted						% Gravel (> 2.00 mm):		0.14

						Inclusive Graphic Skewness:		0.02		near symmetrical						% Sand (0.063 - 2.00 mm):		99.86

						Graphic Kurtosis:		1.01		mesokurtic						% Mud (< 0.063 mm):		0.00





4A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 B				After Sieving:		119.9933

														Error (%):		0.0056

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		2.3254								1.94		1.94

		- 0.5		1.4142		1.6450								1.37		3.31

		0		1.0000		2.3514								1.96		5.27

		+ 0.5		0.7071		0.3435								0.29		5.55

		+ 1.0		0.5000		24.3614								20.30		25.86

		+ 1.5		0.3536		40.3254								33.61		59.46

		+ 2.0		0.2500		41.6485								34.71		94.17

		+ 2.5		0.1768		5.9148								4.93		99.10

		+ 3.0		0.1250		0.7481								0.62		99.73

		+ 3.5		0.0884		0.3023								0.25		99.98

		+ 4.0		0.0625		0.0251								0.02		100.00

		PAN		< 0.0625		0.0024								0.00		100.00

				TOTAL:		119.9933								100.00

						Graphic Mean (phi):		1.37		0.39		(mm)				Classification (Folk, 1980):

						Median (phi):		1.37		0.39		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		1.94

						Inclusive Graphic Skewness:		-0.05		near symmetrical						% Sand (0.063 - 2.00 mm):		98.06

						Graphic Kurtosis:		1.12		leptokurtic						% Mud (< 0.063 mm):		0.00





4A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		3 C				After Sieving:		119.9969

														Error (%):		0.0026

		Description:				Medium-fine grained brown sand with fragments of								Data Analyzed by:		Kevin Khan

						biogenic material								Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.9514								0.79		0.79

		- 0.5		1.4142		1.2450								1.04		1.83

		0		1.0000		0.8635								0.72		2.55

		+ 0.5		0.7071		0.7568								0.63		3.18

		+ 1.0		0.5000		25.2570								21.05		24.23

		+ 1.5		0.3536		42.2951								35.25		59.48

		+ 2.0		0.2500		40.9243								34.10		93.58

		+ 2.5		0.1768		6.5845								5.49		99.07

		+ 3.0		0.1250		0.7514								0.63		99.69

		+ 3.5		0.0884		0.3352								0.28		99.97

		+ 4.0		0.0625		0.0302								0.03		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9969								100.00

						Graphic Mean (phi):		1.64		0.32		(mm)				Classification (Folk, 1980):

						Median (phi):		1.65		0.32		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.62		Moderately well sorted						% Gravel (> 2.00 mm):		0.79

						Inclusive Graphic Skewness:		-0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		99.21

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A				After Sieving:		119.9973

														Error (%):		0.0023

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2154								0.18		0.18

		0		1.0000		0.3314								0.28		0.46

		+ 0.5		0.7071		0.2402								0.20		0.66

		+ 1.0		0.5000		36.2640								30.22		30.88

		+ 1.5		0.3536		44.2643								36.89		67.76

		+ 2.0		0.2500		20.3359								16.95		84.71

		+ 2.5		0.1768		16.3947								13.66		98.37

		+ 3.0		0.1250		1.9254								1.60		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0033								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9973								100.00

						Graphic Mean (phi):		1.52		0.35		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.52		0.35		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.01		near symmetrical						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





4B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 A (2)				After Sieving:		119.9960

														Error (%):		0.0033

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2051								0.17		0.17

		0		1.0000		0.3225								0.27		0.44

		+ 0.5		0.7071		0.6254								0.52		0.96

		+ 1.0		0.5000		35.0816								29.24		30.20

		+ 1.5		0.3536		40.1264								33.44		63.64

		+ 2.0		0.2500		19.5563								16.30		79.93

		+ 2.5		0.1768		15.6484								13.04		92.97

		+ 3.0		0.1250		5.3614								4.47		97.44

		+ 3.5		0.0884		3.0254								2.52		99.96

		+ 4.0		0.0625		0.0333								0.03		99.99

		PAN		< 0.0625		0.0102								0.01		100.00

				TOTAL:		119.9960								100.00

						Graphic Mean (phi):		1.41		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.98		mesokurtic						% Mud (< 0.063 mm):		0.01





4C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B				After Sieving:		119.9985

														Error (%):		0.0012

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.0000								0.00		0.00

		0		1.0000		0.0215								0.02		0.02

		+ 0.5		0.7071		0.3615								0.30		0.32

		+ 1.0		0.5000		39.5246								32.94		33.26

		+ 1.5		0.3536		43.1267								35.94		69.20

		+ 2.0		0.2500		22.2154								18.51		87.71

		+ 2.5		0.1768		14.2645								11.89		99.60

		+ 3.0		0.1250		0.4500								0.38		99.97

		+ 3.5		0.0884		0.0335								0.03		100.00

		+ 4.0		0.0625		0.0008								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9985								100.00

						Graphic Mean (phi):		1.33		0.40		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.31		0.40		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.41		Well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.10		fine skewed						% Sand (0.063 - 2.00 mm):		100.00

						Graphic Kurtosis:		1.09		mesokurtic						% Mud (< 0.063 mm):		0.00





4C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 B (2)				After Sieving:		119.9947

														Error (%):		0.0044

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2253								0.19		0.19

		0		1.0000		0.2851								0.24		0.43

		+ 0.5		0.7071		0.6251								0.52		0.95

		+ 1.0		0.5000		33.6594								28.05		29.00

		+ 1.5		0.3536		39.0862								32.57		61.57

		+ 2.0		0.2500		20.2257								16.86		78.43

		+ 2.5		0.1768		16.5834								13.82		92.25

		+ 3.0		0.1250		6.2954								5.25		97.49

		+ 3.5		0.0884		2.9695								2.47		99.97

		+ 4.0		0.0625		0.0298								0.02		99.99

		PAN		< 0.0625		0.0098								0.01		100.00

				TOTAL:		119.9947								100.00

						Graphic Mean (phi):		1.40		0.38		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.35		0.39		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.54		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.20		fine skewed						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.01





5A

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C				After Sieving:		119.9926

														Error (%):		0.0062

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0214								0.02		0.02

		- 0.5		1.4142		0.0025								0.00		0.02

		0		1.0000		0.3641								0.30		0.32

		+ 0.5		0.7071		1.2260								1.02		1.35

		+ 1.0		0.5000		42.0365								35.03		36.38

		+ 1.5		0.3536		42.0951								35.08		71.46

		+ 2.0		0.2500		21.6645								18.05		89.51

		+ 2.5		0.1768		12.3540								10.30		99.81

		+ 3.0		0.1250		0.1651								0.14		99.95

		+ 3.5		0.0884		0.0631								0.05		100.00

		+ 4.0		0.0625		0.0001								0.00		100.00

		PAN		< 0.0625		0.0002								0.00		100.00

				TOTAL:		119.9926								100.00

						Graphic Mean (phi):		1.38		0.38		(mm)				Classification (Folk, 1980):

						Median (phi):		1.42		0.37		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.38		Well sorted						% Gravel (> 2.00 mm):		0.02

						Inclusive Graphic Skewness:		-0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.98

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





5A (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				19th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		4 C (2)				After Sieving:		119.9958

														Error (%):		0.0035

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0000								0.00		0.00

		- 0.5		1.4142		0.2054								0.17		0.17

		0		1.0000		0.3312								0.28		0.45

		+ 0.5		0.7071		0.5926								0.49		0.94

		+ 1.0		0.5000		32.5129								27.10		28.04

		+ 1.5		0.3536		38.2470								31.87		59.91

		+ 2.0		0.2500		20.9114								17.43		77.34

		+ 2.5		0.1768		17.7948								14.83		92.17

		+ 3.0		0.1250		6.2984								5.25		97.41

		+ 3.5		0.0884		3.0534								2.54		99.96

		+ 4.0		0.0625		0.0359								0.03		99.99

		PAN		< 0.0625		0.0128								0.01		100.00

				TOTAL:		119.9958								100.00

						Graphic Mean (phi):		1.47		0.36		(mm)				Classification (Folk, 1980):		Sand

						Median (phi):		1.47		0.36		(mm)

						Inclusive Graphic Standard Deviation (phi):		0.57		Moderately well sorted						% Gravel (> 2.00 mm):		0.00

						Inclusive Graphic Skewness:		0.08		near symmetrical						% Sand (0.063 - 2.00 mm):		99.99

						Graphic Kurtosis:		0.85		platykurtic						% Mud (< 0.063 mm):		0.01





5B

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A				After Sieving:		119.9902

														Error (%):		0.0082

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2158								0.18		0.18

		- 0.5		1.4142		0.9521								0.79		0.97

		0		1.0000		4.2615								3.55		4.52

		+ 0.5		0.7071		20.7154								17.26		21.79

		+ 1.0		0.5000		38.2841								31.91		53.70

		+ 1.5		0.3536		30.5787								25.48		79.18

		+ 2.0		0.2500		21.6745								18.06		97.24

		+ 2.5		0.1768		3.2641								2.72		99.96

		+ 3.0		0.1250		0.0214								0.02		99.98

		+ 3.5		0.0884		0.0225								0.02		100.00

		+ 4.0		0.0625		0.0000								0.00		100.00

		PAN		< 0.0625		0.0001								0.00		100.00

				TOTAL:		119.9902								100.00

						Graphic Mean (phi):		0.93		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.93		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.55		Moderately well sorted						% Gravel (> 2.00 mm):		0.18

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.82

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5B (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 A (2)				After Sieving:		119.9952

														Error (%):		0.0040

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.2254								0.19		0.19

		- 0.5		1.4142		1.0265								0.86		1.04

		0		1.0000		4.2535								3.54		4.59

		+ 0.5		0.7071		18.2254								15.19		19.78

		+ 1.0		0.5000		37.9583								31.63		51.41

		+ 1.5		0.3536		30.2114								25.18		76.59

		+ 2.0		0.2500		17.7614								14.80		91.39

		+ 2.5		0.1768		6.4662								5.39		96.78

		+ 3.0		0.1250		2.8501								2.38		99.15

		+ 3.5		0.0884		0.6529								0.54		99.70

		+ 4.0		0.0625		0.3620								0.30		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9952								100.00

						Graphic Mean (phi):		1.04		0.49		(mm)				Classification (Folk, 1980):

						Median (phi):		1.02		0.49		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.19

						Inclusive Graphic Skewness:		0.06		near symmetrical						% Sand (0.063 - 2.00 mm):		99.81

						Graphic Kurtosis:		1.22		mesokurtic						% Mud (< 0.063 mm):		0.00





5C

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B				After Sieving:		119.9964

														Error (%):		0.0030

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1025								0.09		0.09

		- 0.5		1.4142		0.5584								0.47		0.55

		0		1.0000		5.2615								4.38		4.94

		+ 0.5		0.7071		19.6924								16.41		21.35

		+ 1.0		0.5000		40.6494								33.88		55.22

		+ 1.5		0.3536		28.2264								23.52		78.74

		+ 2.0		0.2500		21.6745								18.06		96.81

		+ 2.5		0.1768		3.6536								3.04		99.85

		+ 3.0		0.1250		0.1546								0.13		99.98

		+ 3.5		0.0884		0.0226								0.02		100.00

		+ 4.0		0.0625		0.0005								0.00		100.00

		PAN		< 0.0625		0.0000								0.00		100.00

				TOTAL:		119.9964								100.00

						Graphic Mean (phi):		0.94		0.52		(mm)				Classification (Folk, 1980):

						Median (phi):		0.94		0.52		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.56		Moderately well sorted						% Gravel (> 2.00 mm):		0.09

						Inclusive Graphic Skewness:		-0.00		symmetrical						% Sand (0.063 - 2.00 mm):		99.91

						Graphic Kurtosis:		0.99		mesokurtic						% Mud (< 0.063 mm):		0.00





5C (2)

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 B (2)				After Sieving:		119.9923

														Error (%):		0.0064

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.1954								0.16		0.16

		- 0.5		1.4142		1.2205								1.02		1.18

		0		1.0000		3.9254								3.27		4.45

		+ 0.5		0.7071		19.2263								16.02		20.47

		+ 1.0		0.5000		36.5460								30.46		50.93

		+ 1.5		0.3536		30.5589								25.47		76.40

		+ 2.0		0.2500		18.2622								15.22		91.62

		+ 2.5		0.1768		6.0250								5.02		96.64

		+ 3.0		0.1250		2.5326								2.11		98.75

		+ 3.5		0.0884		1.0058								0.84		99.59

		+ 4.0		0.0625		0.4921								0.41		100.00

		PAN		< 0.0625		0.0021								0.00		100.00

				TOTAL:		119.9923								100.00

						Graphic Mean (phi):		1.42		0.37		(mm)				Classification (Folk, 1980):

						Median (phi):		1.05		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.92		Moderately sorted						% Gravel (> 2.00 mm):		0.16

						Inclusive Graphic Skewness:		0.27		fine skewed						% Sand (0.063 - 2.00 mm):		99.84

						Graphic Kurtosis:		1.06		mesokurtic						% Mud (< 0.063 mm):		0.00





Grainsize Template

		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C				After Sieving:		119.9934

														Error (%):		0.0055

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0584								0.05		0.05

		- 0.5		1.4142		0.7821								0.65		0.70

		0		1.0000		4.9786								4.15		4.85

		+ 0.5		0.7071		18.3565								15.30		20.15

		+ 1.0		0.5000		42.3629								35.30		55.45

		+ 1.5		0.3536		27.5845								22.99		78.44

		+ 2.0		0.2500		20.3647								16.97		95.41

		+ 2.5		0.1768		4.9858								4.16		99.57

		+ 3.0		0.1250		0.3256								0.27		99.84

		+ 3.5		0.0884		0.1052								0.09		99.93

		+ 4.0		0.0625		0.0866								0.07		100.00

		PAN		< 0.0625		0.0025								0.00		100.00

				TOTAL:		119.9934								100.00

						Graphic Mean (phi):		0.80		0.57		(mm)				Classification (Folk, 1980):

						Median (phi):		0.47		0.72		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.60		Moderately well sorted						% Gravel (> 2.00 mm):		0.05

						Inclusive Graphic Skewness:		0.67		strongly fine skewed						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.00		mesokurtic						% Mud (< 0.063 mm):		0.00





		Grainsize Analysis

		Project:				To Characterize sediment granulometry within Guayaguayare Bay

		Client:				EPAS								Project Code:		TAS/EPA 03 002

		Date Collected:				7th February 2004								Date Received:		16th February 2004

		Date Analyzed:				20th February 2004								Date Submitted:

		Beach:				Guayaguayare Bay								Sample Weight (g)

														Before Sieving:		120.0000

		Location:						Sample:		5 C (2)				After Sieving:		119.9909

														Error (%):		0.0076

		Description:				Medium-fine grained brown sand								Data Analyzed by:		Kevin Khan

														Data Checked by:

		Grainsize				Weight (g)								Percentage		Cumulative Percentage

		phi		mm

		- 4.0		16.0000		0.0000								0.00		0.00

		- 3.5		11.3137		0.0000								0.00		0.00

		- 3.0		8.0000		0.0000								0.00		0.00

		- 2.5		5.6569		0.0000								0.00		0.00

		- 2.0		4.0000		0.0000								0.00		0.00

		- 1.5		2.8284		0.0000								0.00		0.00

		- 1.0		2.0000		0.0485								0.04		0.04

		- 0.5		1.4142		1.0224								0.85		0.89

		0		1.0000		4.0625								3.39		4.28

		+ 0.5		0.7071		20.6650								17.22		21.50

		+ 1.0		0.5000		38.6940								32.25		53.75

		+ 1.5		0.3536		27.6588								23.05		76.80

		+ 2.0		0.2500		17.6628								14.72		91.52

		+ 2.5		0.1768		5.8523								4.88		96.40

		+ 3.0		0.1250		2.4212								2.02		98.41

		+ 3.5		0.0884		1.2422								1.04		99.45

		+ 4.0		0.0625		0.6504								0.54		99.99

		PAN		< 0.0625		0.0108								0.01		100.00

				TOTAL:		119.9909								100.00

						Graphic Mean (phi):		1.08		0.47		(mm)				Classification (Folk, 1980):

						Median (phi):		1.07		0.48		(mm)						Slightly Gravelly Sand

						Inclusive Graphic Standard Deviation (phi):		0.69		Moderately well sorted						% Gravel (> 2.00 mm):		0.04

						Inclusive Graphic Skewness:		0.04		near symmetrical						% Sand (0.063 - 2.00 mm):		99.95

						Graphic Kurtosis:		1.08		mesokurtic						% Mud (< 0.063 mm):		0.01





		Grainsize Analysis

				Project:		To Characterize sediment granulometry within Guayaguayare Bay

				Client:		EPAS						Project Code:		TAS/EPA 03 002

				Date Collected:		7th February 2004						Date Received:		16th February 2004

				Date Analyzed:								Date Submitted:

				Beach:		Guayaguayare Bay						Sample Weight (g)

												Before Sieving:		120.0000

				Location:				Sample:				After Sieving:

				Description:								Data Analyzed by:		Kevin Khan

												Data Checked by:

		Grainsize (mm)				Weight (g)						Percentage

		16.0000

		11.3137

		8.0000

		5.6569

		4.0000

		2.8284

		2.0000

		1.4142

		1.0000

		0.7071

		0.5000

		0.3536

		0.2500

		0.1768

		0.1250

		0.0884

		0.0625

		< 0.0625

				TOTAL:								0.00

						Graphic Mean (mm):								Classification (Folk, 1980):

						Median (mm):

						Inclusive Graphic Standard Deviation (sorting):								% Gravel (> 2.00 mm):

						Inclusive Graphic Skewness:								% Sand (0.063 - 2.00 mm):

						Graphic Kurtosis:								% Mud (< 0.063 mm):
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