Fish assemblages on fringing reefs in the southern Caribbean:
biodiversity, biomass and feeding types
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Abstract: Reef fish assemblages in the Caribbean are under increasing pressure from human activities.
Inadequate enforcement of legislation coupled with unreliable and data-poor landings in Tobago have led to
the unregulated exploitation of reef fish for decades. This study addresses the lack of data on major reefs.
Visual observations of fish fauna were conducted from November 2011-May 2013 at open access reef sites
(Speyside, Charlotteville, Culloden, Arnos Vale, Mt. Irvine, La Guira, Kilgwyn, Plymouth and Black Rock)
and one protected area (Buccoo Reef Marine Park). Belt transects surveys were used to determine fish density,
species diversity and abundance at the 10-15m depth contour. Fish sizes were converted to biomass using the
length-weight relationship of fish W=aL.’. Most fish assemblages were dominated by small herbivores (<15¢m),
in particular Pomacentridae and Scaridae. Few large predators (>40cm) e.g. Serranidae, were noted, which is
indicative of fishing pressure. MDS ordination identified three fish assemblages: i) northeastern, ii) southwest-
ern and iii) intermediate. The northwestern cluster (Speyside and Charlotteville) were most representative of
reef fish assemblages across the entire island, and exhibited the highest species richness, diversity and biomass.
However, the southwestern cluster the highest numerical abundance. The marine protected area contained higher
fish biomass, abundance, diversity and richness, but it was only representative of reef fish assemblages on the
southwest of the island and not the entire Tobago. Research on the reef fishery, particularly spear fishing, is

recommended to determine impact. Rev. Biol. Trop. 62 (Suppl. 3): 169-181. Epub 2014 September 01.
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Coral reef fishes are the most diverse
vertebrate communities on Earth (Jones, 1991)
and their spatio-temporal distribution is influ-
enced by a combination of complex biological
and physical factors. These factors include
larval supply (Doherty, 1991), competition
(Munday, Jones & Caley, 2001; Holbrook &
Schmit, 2002), wave exposure (Fulton, Bell-
wood & Wainwright, 2005), depth (Srinivasan,
2003) and habitat complexity (Friedlander,
Sandin, DeMartini & Sala, 2010). Reef fishes,
as predators or herbivores, play an important
role in the community dynamics of coral reefs
through their interactions with corals, algae,
other herbivores and other predators. Disrup-
tion in the balance of reef fish assemblages
can decrease coral cover and increase algal

abundances (Roberts, 1995). Because of this
importance, fishes are often a focus of moni-
toring and management programmes to evalu-
ate the condition of reef communities (Green,
Bellwood & Choat, 2009). Historically coral
reef fish have been difficult to manage, in part,
because different species often have different
habitat requirements (Sale, 2002), life history
patterns (Appeldoorn, Recksiek, Hill, Pagan &
Dennis, 2003) and feeding regimes (Holland,
Peterson, Lowe & Wetherbee, 1993).

Reef fish communities around Tobago
exist on the margin of coral reefs in the south-
ern Caribbean, and play a critical role in main-
taining reef integrity. However, declining reef
fish (abundance and biomass) as told in the
oral history of Tobago, threatens the mainstay
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of the local diet and dependent economies.
Further, the recent invasion of the lionfish onto
Tobago’s reefs poses a real threat to juvenile
and small reef fish communities. The purpose
of this study is to a) establish some baseline
data on the abundance and species richness of
reef fishes around Tobago and b) assess any
spatial variation in these assemblages.

MATERIALS AND METHODS

Study site: This study was conducted
over an eighteen month period October 2011 to
March 2013 on the reefs surrounding Tobago
(10°2” to 11°12°’N and 60°30’ to 61°56’W)
(Fig. 1), located 7km east off the Paria Penin-
sula. Study reefs (n=23) were of comparable

size(~4ha) and represented the variability of
the major reef systems. Tobago’s underwater
topography is characterized by two distinct
topographic regimes, a shallow limestone gen-
tly sloping shelf on the southwest side of the
island, and a narrow, rocky, steeply sloping
shelf on the northeastern side, upon which a
variety of coral have been established (Snake,
Rowe, Yule & Wadge, 1986). In this study, the
southwest reefs are considered true coral reef
(CR) formations consisting of corals colonies
built upon a carbonate substrate with distinct
reef zonation. Whereas the northeast reefs are
considered coral associations (CA) consisting
of coral-sponge co-dominated reefs established
on rocky non-carbonate based substrata. Reefs
along the northeast of Tobago are more exposed
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Fig. 1. Study sites in Tobago. Outer Reef (OR), Western Reef (WR), Northern Reef (NR), Eastern Reef (ER), Ketchup
Reef (KR), BoPez (BP), Flying Reef (FLY), Cove (CO), Kariwak Reef (KW), Majeston Reef (MJ), Arnos Vale Reef (AV),
Culloden Reef (CU), Plymouth Reef (PL), Mt. Irvine Extension (MIE), Mt. Irvine Reef (MIS), Landslide Reef (LS), St.
Giles Island (STG), Booby Island (BI), Corner Rock (CR), Book Ends (BE), Angel Reef (AR), Black Jack Hole (BJH) and

Japanese Garden (JG).
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to the northeast trade winds and occur in a high
energy environment due to the convergence
of the Atlantic Ocean and Caribbean Sea. All
study reefs were dominated by coral taxa such
as Montastraea faveolata, Siderastrea siderea,
Diploria strigosa and Colpophyllia natans.

Reef fish census: Reef fish surveys were
conducted to estimate abundance, richness and
to determine spatial distribution. Surveys were
conducted along three 25x5m belttransects
along the outer reef slope between 10-15m
depth. Along each transect the number of
individuals of each species was estimated
and the total length of each fish was visu-
ally estimated and classified into 10cm classes
(<10cm, 10-20cm, >20-30cm, >30-40cm and
>40cm). Blennids and gobiids were excluded
for this assessment, due to their cryptic nature,
difficulty in field identification and field time
constraints. Shannon-Weaver diversity indices
(H) [H’= - Y1 pi (log pi)], species richness (S),
fish density/100m? (D) and species abundance
(N), were determined for all reefs.

Fish biomass was estimated using the
length-weight relationship of fish, W = aLP.
The most suitable “a” and “b” constants were
acquired from Froese and Pauly (2013), and
where no relationship was available for spe-
cies, that of a closely related species as applied.
Trophic guilds were classified according to
Froese and Pauly (2013), however in many
cases there was no definitive consensus as to
the trophism of several species. As a result
trophic groups were consolidated and presented
as planktivores, primary consumers (herbivores
and detritivores), secondary consumer (omni-
vores and benthivores) and piscivores.

Benthic cover and vertical relief was also
measured along benthic transects. Benthic
cover was estimated using six 10 x Im belt
transects at each site as described by (Hill &
Wilkinson, 2004). Ten non-overlapping 1m?
photos were taken along each transect and ana-
lysed using the Coral Point Count with Excel
(CPCe) programme (Kohler & Gill, 2006).
Sixty random points were overlaid onto each
photoquadrat, and the benthos under each point

was identified to the lowest taxonomic level,
for a total of 3600 points per site. Only hard
coral cover is presented. Vertical relief was
measured as the distance between the lowest
point and highest point on the substrate along
that transect (Luckhurst & Luckhurst, 1978).
Low relief was considered to be areas of
between 0—1.5m and high relief to be >1.5m.
Bray-Curtis similarity on fourth-root trans-
formed abundance and biomass was calculated,
and analysis of similarities (ANOSIM) was
conducted to test for differences in similarity
between reefs and reef types. The ANOSIM
results in a global R statistic that reflects the
differences in variability between groups and
within groups, and checks for significance of R
were performed using permutation tests (Clarke
& Warwick, 2001). Two dimensional ordina-
tions were created using non-metric multi-
dimensional scaling (MDS), which was used
to generate plots in which the distance between
points is proportional to their degree of dis-
similarity, so closer points are more similar
than points farther away (Clarke & Warwick,
2001). MDS plots were generated using entire
assemblage level parameters, mean abundances
and species biomass. A low stress value is an
indicator of low error, similar to a measure of
standard deviation (Clarke & Warwick, 2001).
The species predominantly responsible for dis-
criminating between assemblages were identi-
fied by the similarity percentage (SIMPER).

RESULTS

A total of 15576 fish, representing 96
species and 23 families were recorded around
Tobago, with an average of 677.2+376.3 indi-
viduals/site. The most abundant species were
Stegastes partitus, Chromis miltilineata and
Clepticus parrae which collectively represent-
ed approximately 45.0% of the total number of
fish observed. The least abundant species were
Balistes vetula, Mycteroperca bonaci, Bothus
lunatus, Scarus coelestinus, Lutjanus cyanop-
terus, Lactophyrs quadricornis, M. tigris,
Sphyraena barracuda and Abudefdub taurus,
with each being only observed once.
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Over 80.0% of the fish observed belonged
to the families Pomacentridae (39.2%), Labri-
dae (25.6%) and Scaridae (15.4%) (Table 1).
Species from the families Pomacentridae, Lab-
ridae, Scaridae, Haemulidae, Acanthuridae and
Serranidae were found at all locations, and
together with Pomacentridae accounted for 90%
of fish observed. Chaetontidae was observed in
all but one site. Together, these seven families
accounted for ~70.0% of the total biomass,

with the highest biomass (21.0%) provided
by Pomacentridae (56kg/100m?). Other major
contributors to overall biomass included Scari-
dae (11.4%), Lutjanidae (8.2%), Acanthuridae
(6.4%) and Haemulidae (6.2%), with all other
noted families contributing <5% each to overall
biomass (Table 2).

The most abundant trophic group was the
primary consumer (herbivores and detritivores)
which accounted for 43.2% of all fish recorded,

TABLE 1
Abundance, biomass and trophism of surveyed reef fishes at 23 sites in Tobago

T{ZI;};C Family/Scientific Name

Acanthuridae

Pr Acanthurus coeruleus (Bloch & Schneider, 1801)

Pr Acanthurus chirurgus (Bloch, 1787)

Pr Acanthurus bahianus (Castelnau, 1855)
Aulostomidae

P Aulostomus maculatus (Valenciennes, 1841)
Balistidae

Pr Melichthys niger (Bloch, 1786)

S Balistes vetula (Linnaeus, 1758)

Pr Cantherhines pullus (Ranzani, 1842)

S Cantherhines macrocerus (Hollard, 1853)

S Aluterus scriptus (Osbeck, 1765)
Bothidae

Pl Bothus lunatus (Linnaeus, 1758)
Carangidae

P Caranx ruber (Bloch, 1793)

P Seriola rivoliana (Valenciennes, 1833)

P Caranx latus (Agassiz, 1831)

P Caranx crysos (Mitchill, 1815)

P Elegatis bipinnulata (Quoy & Gaimard, 1825)
Chaetontidae

S Chaetodon striatus (Linnaeus, 1758)

S Chaetodon capistratus (Linnaeus, 1758)

S Chaetodon sedentarius (Poey, 1860)

S Chaetodon ocellatus (Bloch, 1787)
Engraulidae

S Lycengraulis grossidens (Spix & Agassiz, 1829)
Haemulidae

S Haemulon sciurus (Shaw, 1803)

S Haemulon carbonarium (Poey, 1860)

S Haemulon flavolineatum (Desmarest, 1823)

S Haemulon chrysargyreum (Giinther, 1859)

S Haemulon plumierii (Lacepéde, 1801)

172

Biomass (g/100m?) Density (fish/100m?)

SA 1 (0} NE SA 1 (0} NE
270.8 4055 6737 14427 69 5.1 1.4 12.6
3844 3199 3051.0 21457 5.1 35 114 112
286.6 1306.0 14614 3901.1 147 152 8.3 354
131.5  90.0 2169 512

2.1 1.6 1.9 1.4
1.6 16.6 7.0
142.7 0.2
96.8  315.1 199.7  746.0 1.1 1.9 1.8 2.8
64.6 5609 646.4 0.8 34 1.6
31.7  118.8 22577 0.3 0.8 6.0
15.3 0.2
20308 1113 3099.6 43 15.0
3662.7
967.3 4.0
209.0 2.0
1493.0 24.0
6495.6 17304 1820.1 933.5 3.5 2.9 1.2 1.0
147989 8002 3464 34179 83 3.2 0.9 4.0
12455 890.7 14001.5 0.8 1.0 7.6
5.5 6.9 309 1777 1.1 0.5 0.6 2.4
30.6 26.7

47.6 1562 147.1 2514 08 0.3 0.6 1.0
293.7 1215 856 2013 45 1.1 2.7 1.6
85.5 152.6  461.6 7069 7.7 43 9.5 6.6

43 386.7 509.9 1905.1 1.3 1.9 7.6 10.4

2202 163 3220 0.5 0.3 1.2
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Level
S
S
S
S
Pl
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Pr
Pl

Pr
Pl
Pl
Pr

Haemulon macrostomum (Giinther, 1859)
Anisotremus virginicus (Linnaeus, 1758)

Anisotremus surinamensis (Bloch, 1791)

Family/Scientific Name

Haemulon melanurum (Linnaeus, 1758)

Haemulon aurolineatum (Cuvier, 1830)
Haemulon steindachneri (Jordan & Gilbert, 1882)
Holocentridae

Myripristis jacobus (Cuvier, 1829)

Holocentrus adscensionis (Osbeck, 1765)

Holocentrus coruscum (Poey, 1860)

Kyphosidae

TABLE 1 (Continued)

SA
160.9
86.0

37.6

457.3
388.3

Kyphosus vaigiensis (Quoy & Gaimard, 1825)

Labridae

Thalassoma bifasciatum (Bloch, 1791)
Clepticus parrae (Bloch & Schneider, 1801)

Lachnolaimus maximus (Walbaum, 1792)

Bodianus rufus (Linnaeus, 1758)

Halichoeres garnoti (Valenciennes, 1839)
Halichoeres maculipinna (Miiller & Troschel, 1848)

Halichoeres radiatus (Linnaeus, 1758)
Halichoeres bivittatus (Bloch, 1791)

Lutjanidae

Lutjanus apodus (Walbaum, 1792)

Ocyurus chrysurus (Bloch, 1791)

Lutjanus cyanopterus (Cuvier, 1828)

Mullidae

Mulloidichtys martinicus (Cuvier, 1829)
Pseudupeneus maculatus (Bloch, 1793)

Ostraciidae

Lactophrys polygonia (Poey, 1876)

Lactophyrs quadricornis (Linnaeus, 1758)

Pomacanthidae
Pomacanthus paru (Bloch, 1787)
Holacanthus ciliaris (Linnaeus, 1758)

Pomacanthus arcuatus (Linnaeus, 1758)
Holacanthus tricolor (Bloch, 1795)
Pomacentridae

Stegastes leucostictus (Miiller & Troschel, 1848)

Stegastes partitus (Poey, 1868)
Stegastes fuscus (Cuvier, 1830)
Abudefduf saxatilis (Linnaeus, 1758)

Microspathodon chrysurus (Cuvier, 1830)

Chromis multilineata (Guichenot, 1853)
Chromis cyanea (Poey, 1860)

Stegastes diencaeus (Jordan & Rutter, 1897)
Stegastes planifrons (Cuvier, 1830)

220.9

66.1
2724
0.4
15.9
83.0

230.8
81.4
10 151.1

24343
27.1

213

2650.0
258.8

414

272
123.9
378.7

1213 04 2502
1253
558.9 1005.5
375 128.6
7632.9 12057.8 11 588.6 13 399.4
100.1 104  150.6
1463 1059.5 6352
186.4  759.8 22474
28.8

Biomass (g/100m?)

1 (0} NE
308.6  321.8 11.7
96.9
106.4 2216.6
74.3 564  558.7

544 93.9
4767.4

1201.3 20539 978.6

645.8 15684 3993
150.0
2173.0
2302 2819 5729
298.0 910.0
1948 663.8 1279
283.0 2309 13453
111.9 2.7 3975
0.6 1.895.0
10.4 759  249.6
6753
157 87265 266.7
444 452 1440
152 6914 148.6
80.8 2314 1157
55.9

18023 36454 14015
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Density (fish/100m?)
SA 1 (0} NE
0.3 0.5 0.5 0.2
0.3 1.3
0.3 17.8
0.5 0.3 0.6 5.4
0.2 1.6
31.0
2.4 2.9 13.5 1.8
2.7 2.1 9.1 2.2
1.2
7.8
1064 949 656 64.8
190.1 544 319 1088
0.3 2.4
1.1 3.7 4.4 2.8
35.7 13.6 103 322
0.3 1.9 1.4 53.2
1.3 0.3 48.6
11.5 10.9 6.0 12.4
2.9 1.3 1.1
0.5 0.3 9.6 0.8
0.3
17.6 0.5 0.6 2.8
0.5 0.8 1.3 0.6
0.3 0.3 12 0.6
0.2
1.3 0.8 1.7 1.4
1.1 0.3 0.3 0.6
0.4
2.0 12
11.2 19.2 1.8
1955 151.7 79.0 2732
0.8 32 2.1 5.4
11.7 1.6 74 6.4
14.9 8.3 8.1 15.8
81.9 1613 179.9 1182
43 11.2 18.6
0.3 1.6
43 1.0
173
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TABLE 1 (Continued)

Family/Scientific Name
SA

Abudefduf taurus (Miiller and Troschel, 1848)
Priacanthidae

Pricanthus cruentatus (Lacepede, 1801)

Scaridae

Scarus taeniopterus (Lesson, 1829) 961.1
Scarus vetula (Bloch & Schneider, 1801)

Sparisoma aurofrenatum (Valenciennes, 1840) 670.7
Sparisoma viride (Bonnaterre, 1788) 3215.1
Scarus iseri (Bloch, 1789) 1363.2
Sparisoma atomarium (Poey, 1861) 2.8
Sparisoma chrysopterum (Bloch & Schneider, 1801)  32.8
Scarus coelestinus (Valenciennes, 1840) 257.5
Scarus guacamaia (Cuvier, 1829) 659.5
Scarus coeruleus (Edwards, 1771)

Sciaenidae

Paraques acuminatus (Bloch & Schneider, 1801)

Equatus punctatus (Bloch & Schneider, 1801)

Serranidae

Cephalopholis fulva (Linnaeus, 1758)

Cephalopholis cruentata (Lacepede, 1802) 372.1
Moycteroperca bonaci (Poey, 1860) 54.8
Epinephelus adscensionis (Osbeck, 1765) 171.1
Serranus tigrinus (Bloch, 1790) 349.3
Hypoplecturs puella (Cuvier, 1828) 897.2
Hypoplectrus gummigutta (Poey, 1851)

Hypoplectrus nigricans (Poey, 1852)

Mycteroperca tigris (Valenciennes, 1833)

Epinephelus striatus (Bloch, 1792)

Rypticus saponaceus (Bloch & Schneider, 1801)

Paranthias furcifer (Valenciennes, 1828)

Epinephelus guttatus (Linnaeus, 1758)

Sphyraenidae

Sphyraena barracuda (Edwards, 1771)

Synodontidae

Synodus saurus (Linnaeus, 1758) 86.5
Tetraodontidae

Monacanthus tuckeri (Bean, 1906) 2.6
Diodon hystrix (Linnaeus, 1758)

Canthigaster rostrata (Bloch, 1786)

Biomass (g/100m?)
1 (0} NE
7 456.5
623.6  960.6  643.9
561.0 1669.8 11123
1936.7 1186.8 4895.1
1831.8 163.1 3396
3.4
0.6 1493.5
197.9
147.3
45.6 1.6
942  473.6 4614
87.2 10312 8358
2.5 301.0
1824  284.6 1589
3.0 0.4 38.2
234.2
243
142.8
100.8
509.2 345.0
1012.3 3792
4789  68.1

Density (fish/100m?)
SA 1 (0} NE
0.2
12.8
1248 493 194 152
232 35 1.1 15.4
16.3 15.2 9.9 5.6
36.5 219 49 23.6
1712 403 9.5 18.2
1.3 1.6
0.5 0.3 11.8
0.3
0.5 0.4
0.4
0.8
0.2
0.5 1.1 0.6
2.7 1.6 2.9 4.0
0.3
0.3 0.8 15.0
9.3 8.8 6.1 8.0
59 1.9 0.3 1.2
1.3 0.5 0.3 0.8
0.3 0.5
0.2
0.4
1.4
0.6
0.4
0.2
0.5 1.1 14
0.8 32 0.9
0.3 0.2
7.2 0.5 1.0 1.4

Pl=Planktivores, Pr=Primary consumers, S=Secondary consumers, P=Piscivores. SA=Southwestern assemblage,
I=intermediate assemblage, O=Outliers, NE=Northeastern Assemblage.

followed by planktivores (36.5%), secondary
consumers (17.8%) and piscivores (2.5%). The
primary consumer, Stegastes partitus contribut-
ed the most towards total biomass across sites,

174

19.2% of the total fish biomass. Other major
contributors to the overall fish biomass includ-
ed Chromis multilineata (14.8%), Clepticus
parrae (10.6%) and Thalassoma bifasciatum
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(9.1%). All other species each contributed <7%
to overall fish biomass.

Fish assemblages at all locations were
dominated by fish <10cm in size, probably
as a result of the numerical abundance of
the inherently small-sized pomacentrids. Fish
<10cm in size accounted for 71.1% of all fish
recorded. The 11-20 and 20-30cm size classes
held 22.6% and 4.5% respectively.Very few
fish were larger than 30cm. Those recorded
larger than 30cm included Sparisoma viri-
dae, Pomacanthus arcuatus, Scarus vetula and
Hypoplectrus nigricans.

MDS ordination identified three main
assemblages of fish based on reef type (ANO-
SIM, R=0.281, P<0.001), with three outlier
groups at LS, BI and MIE based on the numeri-
cal abundance of fish (Fig. 2). These assem-
blages were well separated from the other reefs
in ordination space (Stress=0.2). Sites grouped
into a northeast Tobago high relief assemblage
(CR, STG, JG, BJH and BE),a southwest Toba-
go low relief assemblage (OR, BP, WR, NR,
ER, CU, AV and KR) and an intermediate relief
low coral cover assemblage (KW, AR, FLY,

MIS, PL, MJ and CO) (Fig 2).Species richness
and diversity were generally higher at the north-
eastern Tobago reefs, particularly at BI (S=38,
H’=2.989), STG (S=46, H’=2.95) and BJH
(S=45, H’=2.72). The overall highest diversity
was occurred at AR (3.003) in the southwest
and the lowest H’ occurred at CO (H’=1.234)
in the intermediate cluster (Table 2).

Similarly, there was also a significant dif-
ference in family composition with reef type
(ANOSIM, R=0.263, P<0.002). The northeast
assemblage accounted for 55.9% of the total
fish biomass and 42.4% of the total fish abun-
dance and the southwest assemblage accounted
for 32.5% of total biomass and 36.2% of total
abundance. The special interest area, Buccoo
Reef Marine Park (BRMP) within the south-
western cluster accounted for 23% of total fish
abundance but only 8.8% biomass. This separa-
tion in assemblages underlinesthe differences
in geomorphologic characteristics on either
side of the island, high relief rock-based coral
reefs occurring in northeast Tobago and low
relief limestone-based coral reefs occurring in
southwest Tobago.

2D Stress: 0.2 | Similarity
70

Fig. 2. Non-metric multidimensional scaling plots based on Bray-Curtis similarity on forth root transformed abundance
data of all fishes. Outer Reef (OR), Western Reef (WR), Northern Reef (NR), Eastern Reef (ER), Ketchup Reef (KR),
BoPez (BP), Flying Reef (FLY), Cove (CO), Kariwak Reef (KW), Majeston Reef (MJ), Arnos Vale Reef (AV), Culloden
Reef (CU), Plymouth Reef (PL), Mt. Irvine Extension (MIE), Mt. Irvine Reef (MIS), Landslide Reef (LS), St. Giles Island
(STG), Booby Island (BI), Corner Rock (CR), Book Ends (BE), Angel Reef (AR), Black Jack Hole (BJH) and Japanese

Garden (JG).
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With regards to fish biomass, while the
general separation of clusters between north-
eastern and southwestern reefs was maintained
in ordination space, there was no signifi-
cantly relationship with reef type (ANOSIM,
R=0.036, P=0.226). In fact the low R values
indicate the three groups were not well sepa-
rated. Non parametric MDS ordination plots
based on size class and trophism did not pro-
vide distinct fish assemblages, even when reef
type was considered.

Overall, the variation in abundance of
Acanthuridae, Serranidae, Scaridae, Pomacen-
tridae and Labridae was responsible for most
of the dissimilarity among sites and assem-
blages. In particular, 16 species were respon-
sible for most of the dissimilarity between
northeastern, southwestern and intermediate
assemblages (SIMPER, average dissimilar-
ity=52.6%). Acanthuridae (particularly Acan-
thurus bahianus),Serranidae (particularly
Serranus tigrinus and Epinephelus adscen-
sionis), Pomacentridae (particularly Chromis
multilineata, Stegastes partitus, Microspath-
odon chrysurus) and Balistidae (particularly
Melichthys niger) were mostly found on the
northeastern reef cluster, whereas Scaridae
(particularlyScarus iseri, S. taeniopteus, Spari-
soma viride, S. aurofrenatus) and Labridae
(particularly Thalassoma bifasciatum, Clepti-
cus parrae) were dominant in the southern and
intermediate reef clusters.

Most top predators/piscivores (primarily
Serranidae, Carangidae and Lutjanidac) were
noted in the southwesterncohort of fish, which
accounted for 45.8% of the total piscivores
biomass. It should be noted that ~29.0% of
piscivores biomass was detected at a single site
in the southwest (BP) which were mainly rep-
resented by Ocyurus chrysurus and Lutjanus
cyanopterus. The only site where no piscivores
were observed was MJ. LS, the northeastern
and intermediate assemblages accounted for
24.9%, 19.3% and 5.7% of total piscivores
biomass respectively. Sixty five percent of
all planktivores were recorded at LS which
represented 38.8% of planktivore biomass.
These were dominated by small bodied fish

such as Chromis multilineata and Thalassoma
bifasciatum. Primary consumers were most
dominant within the northeast cluster and sec-
ondary consumers were most dominant within
the southwest cluster (Table 1).

Few fish >40cm were recorded, and where
they were noted densities were quite low. The
highest densities of large fish occurred at AV (3.5
individuals/100m?), ER (2.7 individuals/100m?)
and BP (1.6 individuals/100m?). Overall most
fish (93.7%) were <20cm in size. Fish <10cm
were similarly distributed among reefs, with
the highest densities occurring at LS (7.4
individuals/100m?) in the northeast and KR
(7.3 individuals/100m?) in the southwest. The
highest densities of fish 11-20cm, 21-30cm
and 31-40cm were all noted in the northeast-
ern reefs. Medium sized fish (20-30cm) within
southwest cluster and intermediate cluster con-
sisted mainly of Scarus spp, Sparisoma spp,
Pomacanthus paru, Mulloidichtys martinicus,
Acanthurus spp and Stegastes spp. Whereas,
the northeast assemblage displayed a wider
range of medium sized such as Thalassoma
spp, Halichores spp, Chromis spp, Clepti-
cus sp., Haemulon spp, Mycteroperca tigris,
Cephalopholis cruentata, Cephalopholis fulva,
Ocyurus chrysurus, Aulostomus maculates and
s Scarus spp.

Within the 23 reefs, live coral cover ranged
from 4.6% at CO to 42.8% at STG. Macroalgae
(including erect coralline algae, turf algae and
fleshy macroalgae) was the dominant feature
on most reefs, with only four reefs (KW, KR,
BJH and JG) having <30% algal cover. Sponge
cover ranged from 0.3%28.0%, and together
with hard corals was responsible for much of
the habitat complexity observed on the reef.
The northeastern and southwestern clusters of
reefs showed similar coral cover, whereas the
lowest coral cover was noted among the inter-
mediate reef cluster. Sponge cover was highest
five reefs (CO, BE, AR, BJH and JG), mainly
within the northwestern reef cluster, but gener-
ally most sites exhibited <6% sponge. Thirteen
to eighty three percent (13-82.6%) of reefs
were bare substrate (crustose coralline algae,
dead coral, rubble and sand) (Table 2). Overall,
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the northeastern reefs were mostly high relief
reefs, with STG exhibiting the highest relief.
Mean relief among the southwestern and inter-
mediate reefs was 1.3+1.2m and 1.9+0.7m.

DISCUSSION

This study examined variation in reef fish
community structure (diversity, trophism, bio-
mass and richness) across major reef systems in
Tobago with the greatest differences occurring
between reefs located in the northeastern and
southwestern side of the island. The results
identify distinct reef fish assemblages, associ-
ated with differences in reef type and mor-
phology. Biomass, abundance, diversity and
richness of reef fish, varied widely among reefs
from northeast to southwest, as a result of shifts
in dominance of functional groups and among
reefs such as scarids. Overall, fish densities
were between 44-306 individuals/100m? and
were dominated by small-bodied fishes of low
commercial value (such as pomacentrids and
labrids) and few highly valuable commercial
species such as serranids and lutjanids. This is
similar to other reefs in the Caribbean that have
been overfished or highly impacted (Hughes,
1994; Mallela, Roberts, Harrod & Goldspink,
2007; Aguilar-Perera & Appledoorn, 2008).
Reef fish biomass in Tobago was low com-
pared to other islands in the region. Newman,
Gustavo, Sala & Jackson, (2006) estimated
fish biomass in a range of coral reef habitats in
the Caribbean and found average biomass esti-
mates to range between 15 and 60g/m?, where-
as in Tobago mean biomass 10.7+11.0g/m.

MBDS ordination separated fish populations
in three distinct assemblages with three outlier
groups. Mean fish density, species richness,
and diversity were higher at the northeastern
rocky reefs relative to coralline reefs found on
the intermediate and southwestern reef cluster.
Some taxa exhibited densities several fold
higher in northeastern reefs (e.g. pomacentrids
and haemulids), than on the intermediate or
southwestern reefs and vice versa (e.g. scarids).
The differences in densities may be due to the
northeastern sites offering greater structural

complexity for exploitation by reef fish (Hixon
& Beets, 1989; Caley & St. John, 1996; Fried-
lander, Brown, Jokiel, Smith & Rodgers, 2003;
Graham, McClanahan, Letourneur & Galzin,
2007; Benfield, Baxter, Guzman & Mair, 2008;
Friedlander et al., 2010). Additionally, the
paucity of reef development in Tobago (Spald-
ing, Ravilious & Green, 2001) would force
principally reef-associated species exploit less-
preferred habitats (e.g. rocky reefs) (Sandin,
Vermeij & Hurlbert, 2008) around the island,
such as those found on the northeastern reefs.

Structurally complex habitats fragment
the area, resulting in numerous microhabitats
being formed and encouraging heterogeneous
fish assemblages (Gratwicke & Speight, 2005),
and this appears to be the case in this study. The
gently sloping coralline reefs in the southwest
of the island contrast with the steeply sloping
rocky reefs and overhangs that characterise the
other reefs on the island. The intermediate clus-
ter possesses both coralline reef and rocky reef
features, but is also popular recreational fishing
areas (spear, fishpot and handline) for coastal
communities. We conjecture that the regular
removal of fish from these sites and low coral
cover are responsible for the paucity of fish. It
should be noted, that not all reefs fish assem-
blages in the southwest or northeast clustered
together into an overall southwest assemblage
and northeast assemblage, possibly as a result
of the differences in the biological and physical
character of neighbouring sites (Curley, Kings-
ford & Gillander, 2002).

The differences in spatial variability of
piscivores (Table 1) could be due to spatial
differences in habitat availability and food
availability. Generally, piscivore density was
highest in the northeastern reefs, although most
of the piscivore biomass was found at BP in
the southwestern cluster. It is plausible that the
higher biomass of piscivores such as serranids
and lutjanids (Table 1) in the northeastern reefs
could be a direct result of the food availability
and an indirect result of habitat availability for
prey items (Stewart & Jones, 2011). Serranids
and lutjanids are roving predators that feed
mostly on fish and are associated with coral
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reefs (Ferreira, Floeter, Gasparini, Ferreira &
Joyeux, 2004). Beukers & Jones (1997) how-
ever, suggest that habitat availability is a stron-
ger factor than food availability on influencing
piscivore abundance on a coral reef. The effect
of habitat complexity could either be direct,
where it provides fish habitat, or indirect where
it influences the distribution of the food source
of these species.

Marine protected areas enclosing coral
reefs have had a broad range of positive effects
such as increased biomass, abundance, aver-
age size and diversity of fish and invertebrates
(Russ & Alcala, 2011). In this study similar
results were observed, supporting previous
small scale studies on the impact of MPAs on
increasing reef fish populations and biomass
(Polunin & Roberts, 1993; Rakitin & Kramer,
1996). It should be noted that connectivity of
the MPA to nearby mangrove and seagrass hab-
itats which are suitable for some reef-associated
fishes, might contribute to the higher abun-
dance and biomass observed. In fact, the bio-
mass of important herbivores within the MPA
such as parrotfish (scarids: ~12.0g/100m?) was
almost twice the scarid biomass of nearby reefs
(~6.8g/100m?) (Table 1). When compared to
other well protected MPA in the region such
Los Roques (scarid biomass 60.7g/m?) and
Flower Garden Banks (scarid biomass 35.8g/
m?) (Posada, Villamizar & Alvarado, 2003),
the MPA’s scarid biomass is quite low. On the
non-protected fishes reefs of Curacao scarid
biomass is approximately 15.2g/m? and as low
as 4.6 on the overfished Montego Bay reefs (J.
Jackson et al., unpublished).

This study represents a comprehensive
baseline assessment of the reef fish fauna of
Tobago and is instructive as to where efforts
should be prioritised to conserve reef fish pop-
ulations from human threats (fishing) and alien
invasive threats (Pferois sp.). Additionally,
future research on the reef fishery, particularly
spears fishing, to determine impacts by these
activities on fish populations.
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RESUMEN

Ensambles de peces en los arrecifes de franja
en el Caribe sur: biodiversidad, biomada y tipos de
alimentacion. Los ensamblajes de peces de arrecife en el
Caribe estan bajo una creciente presion de las actividades
humanas. La ejecucion inadecuada de la legislacion, junto
con los desembarques poco fiables y con escasez de datos
en Tobago han llevado a una explotacion sin reglas durante
décadas. Este estudio aborda la falta de datos sobre las
comunidades de peces de arrecife en los principales arre-
cifes. Las observaciones visuales se llevaron a cabo desde
noviembre 2011 hasta mayo 2013 en sitios de acceso a
los arrecifes abiertos (Speyside, Charlotteville, Culloden,
Arnos Vale, el monte Irvine, La Guira, Kilgwyn, Plymouth
y Negro Rock) y un area protegida (El parque Buccoo
Marine Reef). Se utilizaron encuestas para determinar la
densidad de peces, la diversidad y abundancia de especies
a 10-15m de profundidad del contorno. El tamafio de los
peces se convirtié a biomasa utilizando la relacion talla-
peso de los peces W=aLb. La mayoria de las comunidades
de peces son dominadas por pequefios herbivoros (<15cm),
en particular Pomacentridae y Scaridae. Pocos depredado-
res grandes (>40cm), por ejemplo Serranidae, se observo,
lo que es indicativo de la presion de pesca. El analisis de
escala multidimensional identificé tres conjuntos distintos
de peces indicados como i) del noreste, ii) al suroeste y
iii) grupos intermedios. El grupo del noroeste (Speyside y
Charlotteville ) es mas representativo de comunidades de
peces de arrecife en toda la isla, y mostré la mayor riqueza
de especies, diversidad y biomasa. Sin embargo, se observo
la abundancia mas alta de peces en el grupo del suroeste.
El 4rea marina protegida contenia mayor biomasa, abun-
dancia, diversidad y riqueza de peces, pero era el tnico
representante de las asociaciones de peces arrecifales en
el suroeste de la isla y no de todo Tobago. Se recomienda
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determinar los impactos de la pesca en los arrecifes, parti-
cularmente con el uso de arpon.

Palabras clave: trofismo, Tobago, peces de arrecife de
coral, encuestas submarinas visuales.
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