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Use of Multi-mesh Gillnets and Trammel Nets to Estimate Fish
Species Composition in Coral Reef and Mangroves in the
Southwest Coast of Puerto Rico

ALEJANDRO ACOSTA!

Department of Marine Sciences, University of Puerto Rico,
Mayaguez, Puerto Rico 00680

ABsTRACT.—Fish assemblages in coral reefs and mangroves off La Parguera, Puerto Rico, were sampled
using gillnets and trammel nets. Complementary data were obtained from visual counts of fishes in the area
where nets were fished. Ninety species were caught by these gears: 86 by gillnets, and 76 by trammel nets.
Fifty-six species were recorded from visual censuses. Gillnets and trammel nets yielded 30% more species
than visual counts in reef areas and 60% more in mangrove areas. Coefficients of variation were higher for
trammel nets than for gillnets in the three areas sampled. These nets sample the commercial fish assemblage
more efficiently than visual censuses. However, there are important variations by species. In each habitat,
diversity and similarity indices based on the number of fish by species provided similar patterns for both
gears and visual censuses. Diversity values were higher in reef areas than in mangrove areas. Similarity
values were higher between different reef areas and lower between reef and mangrove areas.

RESUMEN.—Grupos de peces en los arrecifes de coral y en los manglares de La Parguera, Puerto Rico, fueron
muestreados utilizando filetes y mayorquines. Se obtuvo informacién adiccional por medio de censos visu-
ales de peces en las zonas donde las redes fueron colocadas. Noventa especies fueron capturadas con estas
artes de pesca: 86 con filetes y 76 con mayorquines. Cincuenta y seis especies fueron observadas con censos
visuales. Los filetes y mayorquines produjeron 30% mads especies que los censos visuales en las areas de
arrecife y 60% mas en el drea de manglar. El coeficiente de variacién fie mayor para los mayorquines que
para los filetes en las tres dreas muestreadas. Las redes muestrearon el grupo de peces con valor commercial
mas efficientemente que los censos visuales. Sin embargo, existié gran variabilidad por especies. Los indices
de diversidad y similaridad, basados en el ntiimero de peces por cada especie, demostraron el mismo patrén
para las redes y los censos visuales en las tres areas estudiadas. Los valores de similaridad y diversidad
fueron mayores entre las zonas arrecifales y menores entre los arrecifes y el manglar.

INTRODUCTION reef areas is limited due to the nature of the

Coral reefs are often associated with oth- sub.strate. In most instanc:*es the only con-
er habitats, such as sea grasses, mud bot- venient .methods are passive gears such as
toms, and mangroves. The interactions of ~Tets (gillnets, trammgl nets, fyke nets),
fish populations within these habitats have traps, and hook and line. Therg 1S no sam-
been reported in several studies (Kimmel, phn’g gear that catches ?H species and sizes
1985; Gladfelter et al., 1980; Robertson and of fishes, and the.relatlve numbers .caught
Duke, 1987). Most fish species in reefs and May not nec‘essarl.ly reflect proportions of
adjacent areas are distributed as juveniles the various fishes in the assemblages (Hub-
and adults over a range of habitat types. To €rt, 1983). To understand the efficiency of a
understand the distribution of species in 8lVen gear, it is important to document
such a diverse system, a range of sampling what specles are bgmg caught and .then' rel-
techniques is required to ensure that all ma- ative distribution in the cat.ch. Thls would
jor habitats are sampled adequately (Kul- include not only commercially important
bicki and Wantiez, 1990). species, which are landed and recorded in
fisheries statistics, but also species consti-
tuting the by-catch.

! Present address: Florida Marine Research Institute, Gillnets and trammel nets have been

2796 Overseas Highway, Suite 119, Marathon, Florida used to Sample SPeCieS ComPOSition in a
33050. wide range of habitats. The accuracy of
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such sampling using gillnets has been re-
ported by Bagenal (1979), Marais (1981),
and Craig et al. (1986). Bagenal (1979)
found that gillnets had the lowest coeffi-
cient of variation (74.4%) and that trammel
nets had one of the highest (127.2%) when
compared with trawls, seines, and fyke
nets. Craig et al. (1986) found a coefficient
of variation of 75.6% for multi-mesh gill-
nets. To assess the feasibility of using these
nets to characterize species composition,
the catch from these nets ideally should be
compared to the true species composition
of fishes exposed to the gear, or at least to
an unbiased estimate of the underlying
community. Unfortunately, there is no truly
unbiased sampling method, and some of
the better gears (e.g., trawls) are not appli-
cable in reef environments. In coral reef ar-
eas, visual census offers a practical means
of assessing at least the diurnally active fish
community, and this method has been used
in the past to calibrate fish catches from
other gears (Miller and Hunte, 1987; Kul-
bicki, 1988; Kulbicki and Wantiez, 1990;
Recksiek et al., 1991).

Models to estimate size selectivity are
well documented (Hamley, 1975; Helser et
al., 1991; Henderson and Wong, 1991; Acos-
ta and Appeldoorn, 1995). However, the
ability to generate selectivity curves is in-
fluenced by the behavior of the fish in re-
lation to the effects of fishing gears. Infor-
mation on the behavior of the fish escaping
from the gear-effective fishing area, the size
of the effective fishing area, and the direc-
tion of escape are necessary to estimate ab-
solute efficiency of these gears (Acosta and
Appeldoorn, 1995). Even if it is impossible
to determine the absolute species composi-
tion of a community using passive gears
because of species and size selectivity (Al-
len et al., 1960), the relative species com-
position as measured by passive gears can
be used to assess differences between com-
munities and changes in a community over
time. Some measures that can be used to
describe the species composition of samples
include species richness, species diversity
and species similarity (Hubert, 1983; Minns
and Hurley, 1988). These indices can also be
used as variates to compare the perfor-

mance of gillnets and trammel nets of dif-
ferent designs.

The high species diversity characteristic
of reef environments coupled with high
habitat diversity, strong and dynamic spe-
cies-habitat interactions, and complex spe-
cies-specific behaviors (Galzin and Legen-
dre, 1988; Harmelin-Vivien, 1989) make as-
sessing community structure and catch
characteristics difficult, and raise the ques-
tion of whether results from more homo-
geneous systems with different species
characteristics can be extrapolated to reef
environments.

The objective of this study was to de-
scribe the effectiveness of gillnets, trammel
nets, and visual census for sampling reef
and mangrove fishes. The efficiency and
sampling attributes of the three methods
are discussed. The practical comparison of
these methods (nets and visual census) is
emphasized.

MATERIALS AND METHODS
Study Area

The study was conducted in coral reefs
and mangroves off La Parguera, in south-
western Puerto Rico (Fig. 1). The reef sys-
tem was sub-divided into two areas: in-
shore (inner reef) and offshore (outer reef).
The inshore area consisted of emergent and
submerged reefs in various stages of devel-
opment. Offshore, the shelf edge is formed
by a continuous submerged reef, that sup-
ports a diverse assemblage of corals (Kim-
mel, 1985). There are numerous patch reefs
between the inner reef and shelf edge. The
mangrove area is characterized by red
mangroves (Rhizophora mangle) and sea-
grass beds (Thalassia testudinum and Syrin-
godium fileforme).

Experimental Design

Twelve experimental gillnets and tram-
mel nets were used, one each of four mesh
sizes (7.6, 8.8, 10.1, and 12.6 cm stretched
mesh), in combination with three hanging
ratios (1:1, 1:2, and 1:3). The four mesh sizes
refer to the small-meshed section of the
trammel nets. The mesh size for the large-
meshed section of the nets was 35.6 cm
(streched mesh). Acosta and Appeldoorn
(1995) describe the sampling gear. Each net
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was 50 m long. Nets were used in a ganged
sequence to create a single composite ex-
perimental net 200 m long; successive nets
were attached at the top and bottom with a
space of approximately 0.5 m in between
(Fig. 2). The location of each net within the
200 m experimental net was chosen ran-
domly for each set to minimize any effects
of catch saturation and net panel interaction
(Hamley, 1975).

The number of sampling stations within
areas ranged from 12 on the outer reef area
to 22 on the inner reef, with 17 in the man-
grove area. Experimental nets were set par-
allel to the reef track and to the edge of the
mangroves in waters ranging from 0.6 to
6.1 m deep. Nets were fished for 12-h pe-
riods, i.e., set around sunset and hauled the
following day around sunrise. When catch-
es were low, fishes were removed as the net
was hauled. When catches were high, fishes
were removed after arriving at the dock,
approximately 20 to 45 minutes after haul-
ing. One gang of gillnets and one of tram-
mel nets was fished simultaneously in each
location for the same period of time. The
nets were set at least 25 m apart to essen-
tially eliminate competition among nets.

Visual censuses were conducted in con-
junction with net fishing. The nets were set
and left to soak for 30 minutes to allow the
fish assemblages to recover from any dis-
turbance caused by setting the nets. Next,
species and individuals in the immediate
vicinity of the net were recorded visually
using SCUBA. During each census, two di-
vers swam along the top of the net and re-
corded fish within 2 m on each side for the
length of the net. This width of transect was
established because of poor crepuscular
visibility. Only species susceptible to being
caught (>10 cm in total length) were re-
corded. Fish already caught were not
counted. Five sets of censuses were con-
ducted three times in ramdonly selected
stations in each of the sampling areas, for
each of the two types of gear.

Analysis of variance tested for differ-
ences in abundance of fish species by hab-
itat and sampling gear. Because the number
of samples for all gears and areas was not
equal, mean abundance values of each spe-
cies were used to compensate for these dif-
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MULTI-MESH GILLNETS AND TRAMMEL NETS 49

ferences in sampling effort. The variances
in the catches were larger than the mean
catches, so the catches were logarithmically
transformed by the equation y = log(x +
1). Coefficients of abundance variation (CV
= (SD/mean)-100) for gillnet and trammel
nets were also estimated. Fish diversity was
compared using information on the total
number of species and the relative abun-
dance of each species in the sample.

The method of rarefaction, which allows
comparison of species numbers between
gears and communities, was used to esti-
mate species richness (Sanders, 1968; Hurl-
bert, 1971; Peet, 1974). Rarefaction, which
estimates the number of species expected in
a random sample of individuals taken from
a collection, answers the question: if the
sample had consisted of n individuals,
what number of species (s) would likely
have been seen? Since rarefaction is not
concerned with species composition, the
samples compared by this method should
be taxonomically similar (Krebs, 1989). The
rarefaction analysis was implemented us-
ing the program RAREFRAC (Ludwig and
Reynolds, 1988). The expected number of
fish species (S,) is estimated by the Hurlbert
(1971) algorithm:

ES,) = X 1= [(N — n)/n)/(N/n)]

where S = total number of species, N =
total number of individuals, n; = number
of individuals of species i, n = number of
net sets and number of visual censuses (n
= N). Species diversity was quantified by
computing the Shannon and Weaver (1949)
diversity index: H' = —3[n;/N In(n;/N)],
where N is the total number of individuals
for all the species, n; is the number of in-
dividuals for the ith species i = 1to S, S
= total number of species), and In indicates
natural logarithms. The distribution of in-
dividual fishes was further analyzed by de-
termining the index of species evenness (J)
J = H'/In S (Pielou, 1966).

The SIMI similarity coefficient proposed
by Stander (1970) and illustrated by Smith
et al. (1986) and Saila et al. (1995) was also
calculated:

T
SIMI = 2 Py - sz/\/(z P - 2 P22k>
k=1 k=1 k=1

where T is the total number of species in-
cluded, and P,, and P,, are the proportions
of species k (based on the sum of that spe-
cies, abundances over all replicates) in com-
munities 1 and 2, respectively. SIMI values
and their variances were determined by
jackknife techniques and 95% confidence
intervals were determined.

RESULTS

The variability among catches was high,
with several net hauls yielding only three
or four species and a few large catches with
12 to 20 species. This trend was observed
for the three areas sampled. The average
catch per haul of a 200 m net, in terms of
number of species and number of individ-
uals, was 9 and 20 for the inner reef, 11 and
23 for the outer reef, and 6 and 15 for man-
groves. Coefficients of variation by area for
gillnets were 65% for the inner reef, 35% for
the outer reef and 56% for mangroves; for
trammel nets they were 68%, 70% and 86%,
respectively.

Catch Composition by Gear

A total of 2,279 fishes belonging to 90
species and 41 families were caught by gill-
nets and trammel nets in the three areas
sampled. Table 1 gives the species compo-
sition by family for gillnets, trammel nets,
and visual censuses. Gillnets yielded 1,163
fishes representing 85 species from 39 fam-
ilies. On the outer reefs, gillnets yielded 382
fishes representing 60 species from 29 fam-
ilies. The inner reefs yielded 570 fishes rep-
resenting 61 species from 31 families. Man-
groves yielded 211 fishes representing 38
species from 22 families.

A total of 1,116 fishes representing 76
species from 37 families were caught by
trammel nets. On the outer reefs, trammel
nets yielded 504 fishes representing 53 spe-
cies from 30 families. The inner reef yielded
370 fishes from 57 species representing 30
families. Mangroves yielded 242 fishes
from 38 species representing 24 families.
The numerically dominant families in terms
of number of species in all areas for nets
and visual counts were: Haemulidae, Lu-
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TABLE 1.
reef, IR = Inner reef, M = Mangrove areas, T = Total.
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Families and number of species captured by gillnet, trammel net and visual census. OR = Outer

Gillnet

Trammel net Visual census

3

IR M

g

Family

IR M

—
3

IR M

Haemulidae
Acanthuridae
Carangidae
Lutjanidae
Scaridae
Kyphosidae
Sparidae
Gerreidae
Holocentridae
Serranidae
Labridae
Tetraodontidae
Ostraciidae
Balistidae
Scombridae
Priacanthidae
Mullidae
Elopidae
Albulidae
Mugilidae
Centropomidae
Stromateidae
Belonidae
Chaetodontidae
Synodontidae
Triglidae
Pomacanthidae
Ephippidae
Echeneidae
Dasyatidae
Myliobatidae
Carcharhinidae
Orectolobidae
Clupeidae
Scorpaenidae
Muraenidae
Bothidae
Dactylopteridae
Sphyraenidae
Sciaenidae
Aulostomidae
Total

OO OO R R OO WOR PR FRPORFRRPFPROFROORPONRFEFNRFRFFALFNRPFERLNRFRENROGWOWWWN
QOO R P ORFRPONOFR, P RPRPORRP,REPPOODORRFEPNFRLFNRFRL,RPRP,RPRPL,NNNORBRNNOGW®
OO R OO0 00O R OFRrRPORPRPOFRPRODODORRPRFEPFPNOONORRFEPFPORNPEBORONEKROW
%Oo>—lHH»—l»—kH>—lNH»—l»—kH»—lHHNHHHHHNNNU)NHNHNU)N%»—'OO@O\wu: =
ORr R ORRPROORRPRORRPEPREPRPRRERRP,OFROOORRLRFEFONRRRE,WNRNOUNNWO®

D
o
(o))
—_
[
o]
a1
W

OO0 O R R R RPRRPNRRPRRPRRPRRPRPPRPPRPOOROOOORRPRRFPORNRNNRWRLOOOGOWUU
OR P ORRPRPRORPRPRPRORPFRPRORODODODOORRPRRPROODOOCOORRPRRPLEFPONWRNIKRKRRLG
ON R O R R RFEEENDRFRRFRERFRRERERERERE O R RFERFRERORFREFNRFENFEFNRFE ONNSRS =L 0 W o
— OR OO0 OO R P ORFROORFROR P OODODODOONOONRFRERFEFFEFNRFERRLONWR WG
— OO0 00000, P ORFROONOORFROOOOOONOONNRFREFRL,FPL,DNRPRL,RPR,DNURF~L,NDO
OO O OO OO OO OO ODODOCDOOFROODODODO0OODOOOONOR,ROORR,REREL,RFLUIONOG
>—‘OHOOOOO>—l>—kOHOONOHHOOOOOONOO@%»—'HNN»—‘HNO‘JO‘\»—'@@'_]

a1
N
w
®
N
(o))
i
o
'
o
N
o
Q1
ol

tjanidae, Scaridae, Carangidae and Sparidae
(Table 1).

Species overlap between coral reef (outer
and inner reef combined) and mangrove ar-
eas by gear was similar (27% and 24% of all
species for gillnets and trammel nets, respec-
tively, and 24% overall). Few species were re-

stricted to a single habitat (Fig. 3). A number
of important families were absent from at
least one of the three habitats. For example,
Carcharhinidae, Mullidae, and Balistidae
were not present in mangrove areas, whereas
Mugilidae, Centropomidae, and Sphyraeni-
dae were absent from the inner reef.
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Trammel nets Gillnets
76 species 85 species
Outer reef Inner reef
(68) species (72) species

Mangrove

{50) species

FiG. 3. Species overlap between areas (inner and
outer reefs, and mangroves). For each set of numbers,
the top represents the total number of species sampled
by trammel nets. The middle represents the total num-
ber of species sampled by gillnets and the number in
parentheses is the total number of species per area re-
gardless of gear. The innermost area shows the num-
ber of species common to the three areas. The right
and left inner area represents species sampled exclu-
sively between outer reef and mangroves or between
inner reefs and mangroves.

The number of species per haul was larg-
er for gillnets than for trammel nets. The
ratio was highest in the outer reef (1.46 for
gillnets and 1.32 for trammel nets), fol-
lowed by mangroves (1.27 for both gears)
and the inner reef (1.20 for gillnets and 1.12
for trammel nets). Analysis of variance de-
tected no significant difference in the num-
ber of species or abundance of fish collected
by gillnets or trammel nets between inner
reef and outer reef areas (P > 0.05). This
analysis showed no significant difference (P
> 0.05) in fish abundances among man-

grove and reef habitats in which either of
these gears was used.

Nineteen species occurred in 25% or
more of the 123 samples taken. Bluestriped
grunt (Haemulon sciurus), queen parrotfish
(Scarus vetula) and sharks (Carcharhinidae)
were found in more than 50% of the sam-
ples. White grunt (Haemulon plumieri) oc-
curred in 76% of the samples in the outer
reef. Species occurrence differed among the
three habitats. Four taxa occurred in 50% or
more of the outer reef area: white grunt,
bluestriped grunt, queen parrotfish, and
sharks. White grunt and bluestriped grunt
occurred in 50% or more of the inner reef
sample. Sea bream (Archosargus rhomboidal-
is) and yellowfin mojarra (Gerres cinereus)
occurred in 50% or more of the mangrove
samples.

Visual Census

The visual survey of the inner and outer
reefs revealed the presence of 55 species in
each area, distributed among 23 families
(Table 1). The fauna of mangroves consisted
of 20 species distributed among 10 families
(Table 1). All coral reefs (inner and outer)
combined yielded approximately 49% more
species than mangrove areas. Some abun-
dant species on both inner and outer reefs,
such as ocean surgeon, parrotfishes and
squirrel fishes, were not observed in man-
grove areas. However, the number of fish
observed in mangrove areas was greater
than in reef areas. Four species in the man-
grove area were not found in coral reef hab-
itat: Lane snapper (Lutjanus synagris), dog
snapper (Lutjanus jocu), and two puffers
(Tetraodontidae).

Comparison Among Methods

Table 2 presents a breakdown by sam-
pling method and habitat of the most abun-
dant species, accounting for 75% of the fish
taken. Important differences are noticeable
among these methods; one of the most sig-
nificant occurs among parrotfishes. Nets
captured the large parrotfishes, such as Sca-
rus vetula and Sparisoma viride, while visual
census recorded small parrotfishes such as
Sparisoma aurofrenatum.

Analysis of variance was performed for



A. ACOSTA

52

L1l ve 11 09

8¢ 01¢

cl ¥9 € Z € St

St

4

()8

1<

78

11

81

()8

11

4

€l

81

4t

€l

£9

8¢

91

€l

yAs

01

91

9¢

11

al

6C

8

89

14

1T

06

91

0L

0T

0T

61

5] 8

11

14

9¢

¥¢

91

1)

61

99

601

yAS

cl

4t

9¢

¥1

79

Ly

SIeys asinN
WNYLID V10ISOUIA]SUID)
A310d peayyof
opvuolvg snuvjp)
1addeus L1
snasti8 snuvliny
I9)SEW[O0YOG
snpody snupljny
ysgaurdnoio
x143shy uopory
Suey anig
SNAINI200 SMANYIUDIY
ysipoared jySrdoig
apri1e vuiostivds
yunid ypuaig
wingvau1joov]f UoNUIVE]
A310d ahaxa0mneg
SNDIYO SNUDIYD)
ysyrorred usang)
p|njan Snivos
ysmjorred pueqpayy
WNYULJOINY VILOSLIVAS
Aeiduns ureynog
pUBILIOWDY SIVASYC]
errefow ugMoEx
SNAAAUID SILLID)
wealq eag
S1IUPI0QUIOLYL SNEAVSOYILY
sjunIo)
‘dds uopnuavry
Jjuna8 3y
1anund uopnuavE]
yunid padinsanig
SNANIOS UOINUIVE]

% N % N % N

%

%o

O\O

O\O

O\C

N

%

W A1 do

Ul

k(@)

A1

d0

SJUNOD [eNSIA

Jou [PuIwIely,

FRUIID

sopadg

"SoAOISURW = A ‘JOdI IUUL = Y[ 991 1IN0 = YO ‘Jeyiqey pue poyow Surduwres Aq ‘uaxe) ysiy (30} ay} JO 9,6/ 10§ Sununodde sapads ysLy g 414vL



MULTI-MESH GILLNETS AND TRAMMEL NETS 53

80

70 A

60 -

50

40

30 A a

Expected Species E (Sn)

20 A .

- =0

10 - L

0 T . . .

~—=— OUTSIDE
=——|NSIDE
——>—MANGROVE

-0 = =0

T T T T T T T T !

0 10 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

Sample size (N)

FiG. 4. Rarefaction curves for inner reefs, outer reefs, and mangrove areas, for gillnet and trammel net
combined data and visual censuses (V.C.). The vertical line illustrates a sample size of n = 200 individuals.

white grunt, bluestriped grunt, sea bream,
yellowfin mojarra, and ocean surgeon

to determine whether significant differ-
ences in abundance were discernible among
methods (gillnet, trammel net and visual
census) or areas. White grunt showed no
significant difference in abundance be-
tween sampling methods or habitats (P >
0.05). Bluestriped grunt showed significant
differences in abundance by area and sam-
pling method (P < 0.05). The bluestriped
grunt catch taken by gillnets was signifi-
cantly larger in the inner reef than in the
mangrove area. Trammel net catches were
greater on the outer reef than in the man-
groves. Visual census abundances were sig-
nificantly lower in reef areas and higher in
mangrove areas (P < 0.05). Sea bream were
absent from the outer reef area. Significant
differences in abundance were found be-
tween inner reef area and mangrove areas
for both gears (P < 0.01). No significant dif-
ferences were found between gillnet and
trammel net catches in both areas (P >
0.05).

The abundance of yellowfin mojarra in
visual censuses was significantly lower in
the inner reef and higher in mangrove areas
(P < 0.05). No significant differences over-

all in terms of abundance were found
among habitats and among sampling meth-
od (P > 0.05). Marginally significant differ-
ences in abundaces of ocean surgeon from
gillnets were observed in the inner reef area
(P < 0.08). Differences between nets and vi-
sual censuses were found when comparing
the total number of species in an area, but
this is probably due to low sample size
with visual census.

Diversity and Similarity Estimates

The rarefaction curves for the combined
gear (mean of gillnets and trammel nets)
within each area were compared to the rar-
efaction curves for visual censuses in the
area (Fig. 4). The sample size (number of
individuals) used to compute rarefaction
curves varied from 938 for combined nets
on the outer reef to 203 for visual censuses
in mangrove areas. For comparison among
habitats, n = 203 was set as a standard, cor-
responding to the smallest sample size of
all habitats censused. Given this sampling
level, the inner reef and outer reef were
richest, with expected species richnesses of
45 and 44; mangroves were somewhat de-
pauperate, with an expected richness of 36.
The trend in species richness among areas
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TaBLE 3. Diversity indices for gillnets, trammel
nets and visual censuses by habitat.

Evenness
Habitat Gear H’ 1))
Outer reef Gillnet 3.41 0.827
Trammel net 3.25 0.815
Visual censuses 2.70 0.739
Inner reef Gillnet 3.24 0.785
Trammel net 3.40 0.846
Visual censuses 3.26 0.885
Mangroves Gillnet 2.52 0.693
Trammel net 2.70 0.749
Visual censuses 2.16 0.750

for visual censuses was similar to the trend
observed in the net samplings. The inner
reef had the highest richness with 39 spe-
cies, followed by the outer reef with 31 spe-
cies, and mangroves with 16 species. The
diversity index (H') by gear and habitat
ranged from 3.41 at the inner reef to 2.16 at
the mangroves (Table 3). The pattern of di-
versity and evenness for visual censuses
was similar to that for the fishing gears. In-
ner reef and outer reef diversity values
were generally similar, with inner reef di-
versity slightly higher. Mangroves showed
the lower diversity (Table 3).

Comparisons of similarity coefficients by
area for gillnet and trammel nets combined,
and visual censuses, are given in Table 4.
The inner reef and outer reef showed the
greatest similarity. Thirty species were
common to the two habitats. There was lit-
tle similarity between coral reef (inner or
outer) and mangrove assemblages; similar-
ity values were less than half of those ob-
served between the two reef areas. Similar-
ity coefficients for visual censuses pro-
duced moderate similarity between inner
and outer reef areas. (but the variability
was large—Table 4). Visual similarity be-
tween reefs and mangroves was low (0.414
for the inner reef and 0.119 for outer reef).
Confidence intervals were wide for the in-
ner reef comparison and narrow for the
outer reef comparison (Table 4).

DiscussioNn
Species and Fish Community Characterization

A measure of the effectiveness of a sam-
pling gear is how well its total collection

TABLE 4. Similarity coefficients (SIMI) between
sampling areas (inner reef, outer reef and mangrove)
and between sampling methods (gillnet, trammel net
and visual census) estimated by SIMI and jackknife
methods. (SIMI: see methods)

Gillnet and trammel net

Inner reef vs. outer reef

Similarity coefficient (SIMI) 0.902
Jackknife similarity coefficient

adjusted for bias 0.990
Variance 0.000159
95% Confidence Intervals 0.963, 1.00
Inner reef vs. mangrove
Similarity coefficient (SIMI) 0.452
Jackknife similarity coefficient

adjusted for bias 0.443
Variance 0.002041
95% Confidence Intervals 0.316, 0.509
Outer reef vs. mangrove
Similarity coefficient (SIMI) 0.377
Jackknife similarity coefficient

adjusted for bias 0.357
Variance 0.010098
95% Confidence Intervals 0.110, 0.538
Visual censuses
Inner reef vs. outer reef
Similarity coefficient (SIMI) 0.666
Jackknife similarity coefficient

adjusted for bias 0.715
Variance 0.062473
95% Confidence Intervals 0.182, 1.00
Inner reef vs. mangrove
Similarity coefficient (SIMI) 0.414
Jackknife similarity coefficient

adjusted for bias 0.409
Variance 0.049665
95% Confidence Intervals 0.0, 0.884
Outer reef vs. mangrove
Similarity coefficient (SIMI) 0.119
Jackknife similarity coefficient

adjusted for bias 0.123
Variance 0.000308
95% Confidence Intervals 0.086, 0.161

reflects the diversity of the actual fauna in
the area (Parrish, 1982). In practice, the total
faunal composition is unknown or very
poorly known. In the case of reef and man-
grove fishes, the southwest coast of Puerto
Rico has been surveyed extensively (e.g.,
Austin, 1971; Austin and Austin, 1971; Kim-
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mel, 1985; Rooker and Dennis, 1991; Tur-
ingan and Acosta, 1994).

This study indicates that the fish fauna
off La Parguera can be divided into reef
and non-reef assemblages. When compar-
ing these results with previous studies of
the area, it is clear that gillnets and trammel
nets were able to sample the commercial
fish community efficiently. Kimmel (1985),
using visual census, reported 169 fish spe-
cies on reefs off La Parguera. His study in-
cluded species that are not vulnerable to the
nets used here due to their size and/or be-
havior, such as Pomacentridae, Gobiidae,
Blenniidae, and Clinidae. A preliminary as-
sessment of the catch composition of gill-
nets and trammel nets for the south and
west coasts of Puerto Rico, made from com-
mercial landing data collected by the Puer-
to Rico Fisheries Research Laboratory
(Acosta, 1992), indicated results similar to
those found in this study, in terms of de-
mersal species composition among gear
types. Sixty species were caught by gillnets
during 1986-87 and 41 by trammel nets.
However, non- demersal species present in
the catches of the present study, such as
sharks (discarded), mackerels, and barra-
cudas, were not reported in the commercial
landings data (Acosta, 1992). Kimmel
(1985) provided density estimates for the 19
most abundant fish species (84% of total
fish abundance) in a line transect survey of
reefs off La Parguera; families such as Hae-
mulidae, Lutjanidae, and Sparidae are not
present in that list. These families together
with the Scaridae were the dominant spe-
cies in net catches.

Several studies have provided lists of fish
species found in Puerto Rican mangroves
(Austin, 1971, Austin and Austin, 1971;
Kimmel, 1985, Rooker and Dennis, 1991).
Sixty species were reported by Austin and
Austin (1971), and 38 were reported by
Kimmel (1985). In Kimmel’s study, sea
bream and yellowfin mojarra ranked 13
and 16 in terms of abundance in mangrove
areas, while in this study these species
ranked first and second.

The present study indicates that biases
are present in both methods. Some biases
associated with visual census are well doc-
umented (Sale and Douglas, 1981; Sale and

Sharp, 1983; Bohnsack and Bannerot, 1986).
In addition, potential bias in comparisons
between net catches and visual census re-
sults from differences in the sampling pe-
riods for the two methods. Visual census
was conducted during daylight periods,
when the nets were set and hauled, so it
missed species active nocturnally or at twi-
light (e.g., sea bream). Observations of the
catches of gillnets and trammel nets indi-
cated that sea bream were caught at sunrise
in mangrove areas. However, this species,
together with white grunt, was absent from
visual census, probably due to their avoid-
ance reaction to divers and their feeding
migrations (Dennis, pers. comm.). Some
characteristics of nets as related to visual
census are: a) small species are missed; b)
species that are more active may be over-
represented (e.g., pelagics, snappers); c) a
larger number of samples is required rela-
tive to visual census; d) sampling is inte-
grated over time (relative to visual census,
which is more nearly instantaneous); e) fish
seem not to avoid nets as much as they
avoid divers. Gillnet and trammel net catch-
es are affected by the densities of the fish
concentrations, the movement of fish in a
predominant direction (e.g., migration,
feeding activity), and the random move-
ment of individual fish.

Behavioral patterns among fishes vary
greatly depending on their physiological
status. The process of capturing fish in clear
reef waters is especially complicated by fac-
tors such as their visual capability and
swimming speed of fish, and by enviro-
mental variables (e.g., light, currents) in-
volved in determining the reaction of a fish
as it approaches the net.

Gillnets and Trammel Nets as Assessment
Tools

One aim of this study was to evaluate the
efficiency of using gillnets and trammel
nets for commercial and scientific sampling.
For scientific sampling, net design (mesh
size, hanging ratio, type of twine) and how
the net is fished should be considered. The
coefficients of variation for gillnets and
trammel nets within a particular area were
lower than those reported by Begenal
(1979) and Craig et al. (1986). The differ-
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ence in variability observed among habitats
is probably due to spatial heterogeneity of
the habitats sampled, to patterns of behav-
ior (such as schooling behavior) of many of
the fish species, or to both. However, per-
ceived differences in assemblages among
sites may result from changes in gear biases
among habitats and among fish, rather than
from actual differences in fish abundances
(Weaver et al., 1993).

This study was not designed to calibrate
gillnet and trammel net catches with visual
census. Studies that have correlated trawls
(Kulbicki and Wantiez, 1990) and fish traps
(Recksieck et al., 1991; Acosta et al., 1994)
with visual census indicate that correlation
is weak at the multispecies level but satis-
factory for selected species. Similar work
comparing longline CPUE and visual cen-
sus indicated good correlation for all spe-
cies combined but considerable variation
depending on species (Kulbicki, 1988).

The two methods (nets and visual cen-
sus) used in this study to sample coral reef
and mangrove habitats yielded somewhat
different results because of biases inherent
in each method. From the comparisons of
net catches with visual censuses, it is clear
that nets used demonstrate strong taxo-
nomic selectivity and that the catches rep-
resented only a part of the fish assemblage.
Consequently, if reasonably accurate esti-
mates of species composition or density es-
timates are required for coral reef areas, it
is likely that a combination of several meth-
ods will be required. The advantage of nets
as sampling devices is noticeable when
comparing gillnet and trammel net catches
with the catches of other passive gears (e.g.,
fish traps) in reef areas. Nets catch more
fish than traps and lines in less time and
are less selective in terms of number of spe-
cies than the other methods (Gobert, 1992).
Nets are also efficient at catching large mo-
bile fish.

In conclusion, nets do not sample in a
manner similar to visual census, although
basic patterns in community structure can
be characterized similarly by the two meth-
ods (with the important exception of some
pelagics). Fisheries biologists should base
their choice of sampling gear for these com-
munities on the target species or assem-

blage, and on the sample size needed to ob-
tain the desired results. As an example,
Kimmel (1985) estimated that eight samples
were sufficient to include more than 94% of
a particular assemblage using visual cen-
sus. On the other hand, the coefficient of
variation observed in this study for gillnets
and trammel nets was very high, even
though the number of sampling nets (or
hauls) was large (over 30 samples in each
area). Although gillnets and trammel nets
are labor intensive and yield relatively low
and variable numbers of fish, they provide
reliable estimates of the commercial species
composition of coral reefs and mangroves.
However, from these results it appears that
multi-mesh gillnets and trammel nets do
not provide a very accurate estimate of
stock abundance.
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