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TRAP MESH SELECTIVITY OFF THE WEST COAST OF PUERTO RICO
ABSTRACT

Catch selectivity of wire mesh fish traps was tested for six
different meeh sizes ranging from 0.5" x 0.5" (13 x 13 mm) to 3 %
2" (76 x 51 mm). A total of 4,471 fish representing 90 species, 35
families, and 1,096 kg were captured during 1,078 trap haule off
the west coast of Puertoe Rico from January 1990 to December 1990,
Signifiecant differences were noted in catches by mesh size. On a
per haul baesis, the 1.5" hexagonal mesh caunght the most fish by
number, weight, and wvalue. Trape with smaller and larger meshes
tended to catch fewer fish and less weight per trap haul. Median
fish size increased with mesh size.

Catch species composition wae affected by the mesh size used.
Smaller mesh sizes accounted for higher species diversity than
larger meshes. The percentage of trash fish or bveatch (species
with little or no market value) fluctuated from Z0 to 3b% of total
cateh by weight. None of the tested mesh gsizes seems +to be
effective in substancially reducing the byeatch, with the possible
exception of the 2 x 3" vinyl coated wire.

Median commercial value ranged from a minimum of $0.00/haul
for the 2 x 3" galvanized mesh to $2.3%9/haul for the 1.5 x 1.5"
mesh. Median value per haul tended to decrease for meshes larger
and smaller than 1.5" mesh. Median value per fish as a function of
mesh aize also teanded to decreasse with msshes larger and smaller
than 1.5" mesh size. While median size tended to increase with mesh
size, madian price per fish did not increase primarily because
individuals caught with larger mesh s8izes tended %o consist
pradominantly of species of little or no commarcial importance.

Spawning condition of species of major commarcial importance,
guch as groupers and snappers, showed that most of the individuals
caught with different mesh sizes were not sexually mature., Smaller
mesh s8izes tended 4o capture relatively greater numbers of
juveniles individuals than larger mesh sizes.

On the bhasis of the biclegical and economic analysesz of this
atudy it was determined that although the 1.5 x 1.5" mesh would
likely provide a better economic return to fighermen on a short-
term basis, management of the fishery for increased yield on a
long-term bagis would likely reguire an increase of the mesh size
nsed on traps to at least 2 x 2", or the total elimination of trap
fisghing. A full analysis of the long-term effects on productivity
under thege various scenarios ig necesgpary to enable development of
a management plan for optimization of vield.
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TRAP MESH SELECTIVITY OFF THE WEST COAST OF PUERTO RICO

INTRODUCTION

As in most parte of the Caribbean, the fishery in Puerto Rico
iz almoet exclusively artesenal in nature. The fieh trap or "naea’
has historically been the most important fishing gear in terms of
total units of gear fished and in the percentage of total reported
landings by weight. In 19768 and the early 1980°s traps accounted
for 87% of total reported production on the Island. By 1988 it was
egtimated that 37% of the total fishing unite were fish traps
accounting for 34% of the total landings of fish and shellfish.
Total annual catch per trap reported over the past 12 vears hagz
declined steadily from 159 kg in 1978 to 23 kg in 1988 (Weiler and
Suarez-Caabro, 1980; Garcia-Moliner and Kimmel, 1886; Matos and
Sadovy, 1988).

Great conoern arises from the fact that fish traps are an
extremely effective, but non-selective, prassive fishing gear and
that relatively little ie known about the way in which traps work.
In the Caribbean Munro et al (1871} and Munro (1974} identified
gome 0f the more important factors affecting fish trap catches.
Among +these are the baiting effect, ecak time, nmoon phase,
conspecific attraction and eascapement of traps by fishes considered
to be important. A model that describes trap catches against time
was developed by Munro (1974) showing that trap catches will
approach an asymptotic level with increasing soak time over a
number of days. It has alec been noted that catch composition
changes with soak time (Munro, 1974; Stevenson and Stuart-bharkey,
1978; Hartsuijker and Nicholson, 1881},

ODther factors, =such as the distance that traps are set away
from reefs, affect the performance of traps in the gapture of
target species (High and Beardeley, 1870; Hartsliijker and
Nicholson, 1981, Luckhurat and Ward., 1987), as does the digtance
hetween trapse, or the effective area fished by traps (Sinoda, and
Kobayasgi, 1869; Hggers et al., 1982; Miller and Hunte, 1887). In
recent vyears, however, greater attention has been paid to the
importance of different mesh sizss utilized to build fish traps.
Mesh size can greatly influence catch profile, such as catch
composition and fish size, and can lead to overfishing of resources
if too small. Of particular concern is growth overfishing in which
individuals are removed at too small a size from the fishery to
maximize vield. A further concern is that if too many juveniles sre
removed from the fishery there will result insufficient numbers of
reproductive adults to maintain stocks.

In Puerto Rico, Btevenson, (1878) and Stevenson and Stuart-
Sharkey (1980) demonstrated that the red hind, Epinephelus guttatus
{czbrilia) and the white grunt, Haemulon plumieri (cachicata
blanca), were being overfished by the 1" (25 mm}) and the 1. 205" (32

1



wm) trap mezh sizes. They tezted the effects an capture of using 3
different mesh sizee and found that increasing mesh size led to a
gignificant reduction in the number of fish caught, espenially
those of gmaller size classes, and also to changes in the species
composltion of the catch. They also found that squirrelfishes
(Holocentrus spp) were move effectively harvested by larger meshes.
These species are of little or no commercial importance although
their removal 1in high numbers aeg byvecatch {(brosa) resulte in
wasteful loss of biomass.

There are four principal areas of concern regarding the
affectiveness, and non-sgelectivity, of fish traps and the resulting
impact on fisheries resources. i

A) High mortality of juveniles: smaller mesh sizes tend to
discriminate more heavily zgsainst Jjuveniles and smaller
individuals of exploited szspecies (Stevenson and Stuart-
Sharkey, 1978: Munre, 1983; Tavlior and McMichael, 1983).
This can lead to growth overfishing.

R) Non-selective catch retention: fishes of no commercizl
value are removed which are an integral part of the reef
community and ite health (Sutherland et al, 1987), and
they may constitute an important food source for species
of commercial importance.

5] Mortality or injury of Jjuvenile and adult fish. This
ocours by escape attempts, by embolizm through changes in
pressure as trape are lifted to the surface, by stress or
rredators which enter traps {Bohneack et al, 1989;
Luckhurst and Ward, 1887), and by “"ghost” fishing when
ftraps are lost but remain intact and continue to fish
{(Munro et &l., 1971; Manro, 1974; Sutherland and Harper,
1283; Harpsr and MaoClellan, 1983; Cofer-Shabica, 1888)

m Damage to the reef causad by traps.

In Puerto Rico, gpecifically, there is concern over the marked
decline in catch per unit effort (pounds taken per trap haul) aver
the last decade. There iz also concern over the sharp increase in
the numbar of traps being used, because of the detrimental aspects
of trap fishing on the fishery. As a result of these concerns, Lthe
Fisheries Research Laboratory (FRLY of the Department of NHatural
Regoureces (DMR) carried out a one vyvear study to address +the
biolegical and economic impacts of a total of sgix different mesh
sizes on the standard fish trap of Puerto Rico.

[t



METHODS
Traps

To determine the effect of trap mesh size on catch
composition, value, weight and number of fish caught, five
galvanized metal mesh sizes were uged: 0.5" x 0.5" (13 x 13 mm)
square mesh, 1.26" x 1.25" (32 x 32 mm) hexagonal mesh, 1.5" x 1.5"
(38 % 38 mm) square mesh, 2" x 2" (51 2 B1 mm} square mesh, 2" x 3"
(51 % 76 mm) rectangular mesh. Since a mesgh size of 1.25" is that
mogt commonly used by Puerto Rican fishermen, this size was
congidered the control mesh size., leaving four experimental mesh
silzes (Appendix A). After initiation of the study, two other kinds
of mesh were incorporated into the study: 2" x 3" (bl x 76 mm)
vinvl coated mesh, and 2" x 1" (25 x 51 mm) rectangular mesh size.
Mesh size characteristics and measurement conversiong are listed in
Table 1.

Trap design, in terms of dimensions and form of the entrance
funnel ("nasillo"”), was the standard used hy pot fishermen on the
shallow water platform area of Puerto Rico. Traditional Antillean
arrowhead trape of 4° x 47 x 1.57(122 x 122 x 30 mm) were
constructed of galvanized wire mesh and reinforeing rod (Appendix
B). Trap dcoors incorporated an autodestruct component ("pop-up”
type fasteners) to comply with Commonwealth Law and to prevent
"ghost” fishing by lost traps. Prior to deployment, trap doors were
fastened in such a way as to enable detection of pilfering during
the socak period.

Sampling Areas

Sampling areaes were selected using data from the results of
the 1988-19889 Monitoring Project (Rosario, 1889). The selecied
areas comprised the ten most productive 2 x 2 mile quadrants
gsampled during the 1988-1989 Monitoring Project. Sampling thus
covered a total of 40 (not necessarily contigucus) square miles on
the platform/shelf break area of the insular platform of western
Puerte Rico (Appendix B).

Field Procedure

A minimum of 100 hauls was made per combination of mesh size
(5) and fishing zZone (2) from January to December 1990 except for
the 2 x 3" vinvl coated wire (58 hauls). Approximately 100 trap
hauls per mesh were estimated to be necessary to complete the study
and ensure a sufficient sample size for statistical analysis. Twuo
boats were used for sampling. On each boat, for each sampling trip.
two trape of each mesh size were deploved between January to
December 1990, except for the 1 x 2" and 2 x 3" vinyl coated mesh,
as noted. The 1 x 2" mesh was introduced at the end of July 1980
and 133 hauls made by December 1880, Additional +trips wers
gcheduled to compensate for trap losses. as necesgary.



To partially control for season and weather conditions, aach
fishing trip generally deployed at leaest one of each mesh size. The
traps were deployed, each trap a different mesh size., in strings of
five to ensure that similar substrate was being sampled on each
trip and to aid relocation. A buoy with a timed release marked the
location of the bucoy string. Traps were set no c¢loser than 150 feet
(46 m) apart to prevent possible intertrap interference.

Traps were generally hauled once every 5~8 days on a regular
bagis on the return leg of a subsequent deployment trip. This soak
period reflects that commonly used by local fishermen. Scak time
varied congiderably due to weather and current conditions but
averaged 7 daye (range 1 to 52 days). However, only soak periods of
5-8 days were includad in the data analysis. Logt, stolen or
damaged fish traps were replaced or repaired as needed and
different traps units of a given mesh size were rotated into the
fishing s&chedule. Data from traps that were suspected to have been
pilfered, or had been damaged, were discarded.

Collection and Analysis of Data
~Collection

The following data were collected on the day that traps were
hauled:

1. Date

2. Quadrant No.

3. Spcak time pericd (davsa)

4, Depth of trap deployment (meters)

5, Mesh aize

6. Condition of trap door mechanism; good condition, broken,
or pllfered.

7. Total weight of catch for sach trap

8. Species composition for each trap {identification,
lengths (FL/mm) and weights (g) of all individuals, and
aex and stage of sexual maturation where possible)

9. Total number of individuals in each trap

10. Gonads and otoliths of selected species were removed to

support Laboratory studies on the general biology of
commercially important specles.

In addition, the economic value (in US $) of each catch was
determined by using data on average price per pound for aach
gpecies for the west coast of Puerto Rieo, available from the
Statistice Diviegion of the Laboratory (Matos and Sadovy, 1983). All
data were entered into a DBASE III+ program for storage and sorted
prior to analysis. Summaries and analysis were mads in LOTUS 123
version 2.1, Statistix version 3.1 and B8A5 software.



-Analyveis

Dats were tested for normality. They were found to be non-
normal. The high incidence of zero haul catches was a major fachor
in producing non-neormal data. Data transformations were pertormed.
Neither transformation by log + 1, nor by sguare root (x + 10.5),
was found to normalize the data., Analysis was carried out using
non-parametric methods. Non-parametric analyses used were Wilcoxon
Ranked Sum test (WR3), similar to the Mann-Whitney U test (Bokal
and Rohlf, 1981) when used to compare two samples only. Also used
were the Wilcoxon 2-Sample Test (Normal Approximation with
continuity of .5), and the Kruskal-Walliz Test (Chi-Squars
Approximation). Length frequency distributions were compared using
the Kolmogorov-Smirnov two sample test (Sokal and Rohlf, 1881).

The data were analyszed to addrese the following:
1} WEIGHT per catch per MESH 31ZE,;
?2) VALUE per cateh per MESH SIZE;

3) NUMBER OF INDIVIDUALS vper catch per MESH
SIZE.

4} LENGTH-FREQUENCY DISTRIBUTION of  key
species by MESH SIZE

5} HEvaluation of CATCH COMPOSITION (by number
and weight) by MESH SIZE.

) Evaluation of BYCATCH (by wsight) by MEGH
STZE.

REPORTING-Quarterly reports were submitted 30 days after thé end of
sach quarter, and the final annual report 80 dave after termination
of the gtudy.

RESULTS
Sample 8ize

The number of hauls varied from a minimum of 58 for the ¥ x 3"
vinyl coated wire to a maximum of 207 for the 2 x 27 mesh, The 2 x
3" galvanized wire resulted in the highest number of zero catch

haunle with 129, while the 1.25" mesh recorded the lowest with 7.
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Catches

A total of 4,471 fish and eshellfizh belonging to 90 species,
repragenting 35 families, and weighing 1,088 kg were captured
during 1,078 trap hauls.

Median number of fish ranged from & low of .75 fish/haul for
a 2" x 3" rectangular mesh to a high of 7.07 fish/haul for the 1.57
meech (Table 2, Fig. 1). The median number of fish per haul tended
to decline with mesh sizes larger and smaller than 1.208" square
wesh .

The relative percentage contribution of various families to
total catch (Table 3) showed that snappers (27.72%), squirrelfishes
(15.39%), groupers (12.0%), trunkfishes (8.03%), mullids (4.66%},
triggerfishes (4.40%), parrotfishes (4.26%), grunts (3.63%),
doctorfishes (2.22%), porgies (1.93%) and jacks (1.66%) dominated
the +trap catches in terms of weight (Table 4). These data are
compared with data on catch composition from previous laboratory
studiss from 1986 to 1989 (Tabhle 3).

The relative percentage contribution of varicue families *o
total cateh by number showed that snappers (31.56%), squirrelfishes
(19.57%), mullids (9.01%), groupers (8.88%), trunkfiches (7.52%),
grunte (4.29%), parrotfishes (3.42%), doctorfishes (2.23%) and
porgies (2.17%) dominated the trap catches (Table 5). Medisn total
weight per haul ranged from a minimum of 0 g/haul for the 2" x 37
galvanized mesh to a maximum of 1,218 g/haul with the 1.257
hexagonal mesh. The median weight per haul tended to decline with
mezhes larger or smaller than 1.257 hexagonal (Table 2; Fig. 1).

noth mezan and median weight per fish tended to increasge with
mesh size (Table 2; Fig. 1, 2). The median weight per fish ranged
from a low of 145 g/fish for & 0.5" x 0.5" mesh to a maximam of 405
g/fish for the 2" x 3" galvanized mesh (Table 2).

Median cize of fish generally increased with mesh size. Tha
median size ranged from a minimum of 1982 mm for a 0.5" x 0.5" mesh
to a maximum of 260 mm for a 2" x 3" galvanized mesh (Table Z).

The total number of species (diversity) caught in larger mesh
traps wae considerably lower than with smaller wmeshes (Table Z)
The total number of species ranged from 15 caught in the 2" x 3
vinyl coated mesh to B0 species caught in the 1.25" hexagonal mesh.

1

Catch per unit effort ranged from 50.80 g/trap haul for a 27
x 3" mesh to 249.80 g/trap haul for the 1.25" mesh (Table Z, Flg.
lal.

The Kruskal-Wallis Test gave non-statistically significant
{mignificance of all tests is at the 5% level) differences for

~
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total weight caught per haul for the following mesh siges: (.5" and

1" x 2": .05 and 2" x 2"; 1.25" and 1.5"; 1" x 2" and 2" x 2" mesh
(Table Ba). All other comparisons exhibited significant
differences.

The EKruekal-Wallis Test gave no statistically gignificant
differences for total number of individuals per haul (Table Bb) for
the following mesh sizes: 0.5" and 1.25"; 0.5" and 1.87; 1.25" and
1.6": 1" x 2" and 2" x 2"; and 2" x 3" g and Z" X A" winyl coated
wire. All other comparisons exhibited significant differences.

Madian length for all fish caught per haul (Table 6¢) gave nd
statistical significant differences for the following mesh sizes:
1.25" and 1.5": 1.258" and 1" x 2"; 1.5" and 1" x 2"; 1.57 arrd 2 X
2. 2" x 2" and the two different wires of 2" x 3"; and finally
among the two 2" x 3" wire (both galvanized and vinvl coated). All
other comparisons exhibited significant differences.

Economics

The catches were svaluated based on fish dealer categories
reportad to the F.R.L. Statistice Program (Matos and Sadovy, 1880).
First class commercial apecies had the highest market value (an
average of $2.03/1b) and included, in general, groupers
{Serranidae)}, sSnappers {Lutjanidae), hogfish (Lachnolaimuas
paximug), and trunkfishes (Ostraciidae). Second class species watre
valued, on average at $0.85/1hs, and include, besides small
individuals of first clase species, grunts (Haemulidae!, porgies
{8paridae), triggerfishes (Balistidae), and goatfishes (Mullidae).
Third class species had a low market value (an average of
$0.54/1bs) and are composed mainly of small second class fishes,
and parrotfishes (Scaridae). In certain areas “"third class”
includes large individuale of squirrelfishes {Holocentridae), and
doctorfishes (Acanthuridae). First claszs fishes were the major
component of total wvalue for most meshes although the relative
contribution to the total catch, by weight, varied considaerably
{Table 7, Fig. 3).

The estimated median commercial value ranged from $0.0/haul
for the 2 x 3" galvanized mesh to $2.39/haul for the 1.57 mesh gsizn=
(Table 2). Catch value tended to decline for meches smaller and
larger than the 1.5". The Kruskal-Wallis Tesat indicated non-
atatistically significant results for differences in price per haul
for the following mesh sizes: 0.5" and 1.25"; 0.5" and 1 x A S 4
2" and 1.25" and 2 x 3" gal. and 2 x 3" vinyl (Table &d).

Median price per fish per haul as a function of mesh size gave
non statistically significant results for the following mesh sizes:
0.5" and 1.26": 0.5" and 1 % 2": 0.5" and 2 x 2"; 1.25" and 1 x 27,
1.25" and 2 x 27: 1 x 2" and 2 x 2"; 2 x 2" and 2 x 37 gal; and 2
x 3" gal. and 2 % 3" vinyl coated (Table 6¢e). All other comparlisons
exhibited significance differences.
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Species composition

The classification by first, second, third and trash fish is
the general market value presented by Matos and Sadovy (198(). This
classification varies markedly from coast to coast, but in general,
reflects the one used by the majority of fishermen., The two
categories that tend to vary most in terms of how species are
clasgified according to their market value are third and "trash”
{("brosa”) fish. The major difference concerns the classification of
squirrel fishes. For example, on the west coast, this group is
congidered to have no market value (trash fish). On the south coast
however, it is classified as third clags fish. Considering that &
single species of holocentrid made up 14.8% by weight of the total
catch {(all mesh #izes combined). Thie local market classificasdion
of +this group could considerably influence total catch value
depending on ite frequency of capture. The general trends discussed
in this section have not been analyzed statistically.

The species composition by weight for the smaller mesh sizes
wag very similar with respect to the major groups of commercial
importance captured (Tables 5, 7, 8; FPFig. 3). The greatest
difference in species composition was observed between the smaller
mesh sizes and the 2 x 3" mesh size, both galvanized and vinyl
coated (Tables 5, 7; Fig. 3). The catch for these two types of
traps consisted mainly of epecies of little or no commercial
importance and included few snapper and no grouper.

The two major groups of commercial importance in Puerto Rico
are snappers and groupers, which represent first class fish. The
combined percentage of these two groups for the 0.5", 1.25", and 1
x 2" mesh sizes were similar (44%), Figure 3a,b, and d. The 1.5"
mesh was the mesh with the highest percentage (52%) of snappers and
groupers, combined (Figure 3c¢). The 2 x 2" mesh (Fig. 3e) vieldead
30% of the total catch as snappers and groupers.

The two most abundant species of grouper reported in the
catches were the coney (Epinephelus fulyug) and the red hind (E.
guttatus). The percent contribution of each species to total catech
by mesh size varied, however. For the (.5" and 1 x 2" mesh conevs
were more abundant in terms of number (Table 5) than red hinds;
although in terms of weight red hinde (Table 4) accounted for a
higher percentage. For the 1.25", 1.5", and 2 x 2" mesh sizes red
hinds were more abundant by both weight and number.

The relative percentage contribution in terms of weight (Table
8), by megh size of total sampled coneys decreased as mesh size
increased. The red hinds presented a similar trend.

Of total sampled snappers the most abundant species was the
iane snapper, (Lutjanus synagris), in terms of both number (15.2%)
and weight (12.4%). The percent contribution of this species to the
different mesh siges was basically the same, being the second most
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abundant szpecies for all mesh sizes. with the exception of g.&"
mesh. Comparing the relative percent contribution to total sample
by mesh size (Table 8), it can be observed that this species
decreases by both number and weight for mech sizes greater than
1.6"

The cnappers appeared to be particularly susceptible to the
1.5 mesh size compared to other mesh sizes. Catch by weight with
thie mesh was comprised of over 42% of snappers similar to the
percentage taken with the 0.5", 1.25", and 1 x 27 meshes (44%) of
snappers and groupers combined. Vermillion snappear and =2ilk snapper
appeared to be most susceptible to the 1.5" mesh, recording 83.0,
and B1.1 % by weight, respectively, of =ach epecies in the tobtad-
gample for most species acrossg al mesh sizes (Table a8y,

The trend for meost mesh sizes was for a higher proporftion of
the catch by weight to consist of snappere rather than groupers.

Second clase fish includes mainly runts, porgies,
triggerfishes and goatfishes. This clase of fish varied markedly
with the different mesh sizsees. The higheet recorded percentage was
with the 0.5" mesh (Fig. 3a) with 22%, followed by the 1 x 2" mesh
(Fig. 3d) with 18% and the 2 x 3" vinyl coated (Fig. 3g) with 16%.
The high percentage recorded for the 0.5" mesh was due To a single
species, the espotted goatfish (Pseudupgneus maculatus). This
species was almost exclusively caught with this mesh size, making
up 76% (Table 8) of the total eample in terms of weight. The other
mesh sizes tock a fairly low percentage of second <lass fish (Fig.
3b,c,e, ).

0f the total sampled triggerfishee the 2 x Z" mesh and the 2
x 3" galvanized wire mesh sizes reported a high percentags of
capture in terms of weight, 28.8 and 23.4%; respectively. The
lowegt percentage was recorded with the 2 x 37 vinyl acated wire,
with 6.9% (Table 81}.

Third class fish includes parrotfishes, trunkfishes, small
grunts and porgies. The recorded percentage of this class of fish
presents the reverge situation to that obtained for snappers and
groupers. The larger mesh asizes tended to catch greater amounts of
thie class of fish than the smaller . The higheast percentages were
reported by both types of wire used of the 2 x 3" mesh (Fig. 3f,8),
with 65 and 48%, captured with the vinyl coated and galvanized
wire, respectively. This was followed by the 2 x 27 mesh (Fig. 3e)
that recorded 28% of third c¢lase fish. The other four mesh sizes
reported relatively low percentages of this class of fish. The
lowest percentage was taken with the 0.5" mesh size (Fig. 3a).

Trunkfishes of the genera Acanthosiracion and Lactopbrys
conatituted 8.0% by weight and 7.5% by number of the total catch of
a1l meshes combined. Of the five species sampled the most abundant
in terms of weight were the scrawled cewfish, (A. guadricornis
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(2.8%), spotted trunkfieh, (L. trigueter, 1.9%). and the honeycomb
cowfish (A. polygoniug, 1.8%). Three gpecles o©of parrcotfishes
belonging to the genus Sparigoma constituted 4.3% by weight and
3.4% by number of the total catch. The most abundant species of
parrotfishes. both in terme of weight and number, was the redtail
parrotfish, §. chrysopterum, 2.0 and 1.4%, resgpectively.

The lowest percentage in terme of weight of sampled
trunkfiches wae recorded for the 00.5" mesh {(5.56%), followed by the
Z x 3" vinyl coated wire {8.7%). The 1.25" mech reported 16.1%, the
1.5" (12.9%), and the 1 x 2" mesh 12.2%. The highest percentages
were recorded with the 2 x 2" meszh (24.8%) and the 2 x 3“
galvanized wire mesh size (19.7%).

The percentage of bycatch or trash figh in terms of weight for
the smaller mesh sizes fluctuated between 23 to 34% of the total
sample (Fig. 3). The bycatch conszisgted mainly of sgquirrelficshes,
surgeonfishes, butterfly fishes, Jacks, morays and scorpion fishes.
The percentage of bycatch captured by the two types of 2 x 3" mesh
differed markedly. The percentage captured by the 2 x 3" galvanized
wire was similar to that caught by emaller mesh. The vinyl coated
Wire, on the other hand, recorded the lowest percentage of bycatch
of any mesh (Figure 3g). The highest percentage of bycatch was
taken by the 1.25" mesh.

For the 0.5", 1.25", 1.5", 1 x 2", and 2 x 2" mesh sizes the
bulk of the bycatch was compossd of a single species, the longiaw
squirrelfish, Holocentrus ascensgionis. This was the mogt abundant
epecies ceught in terme of weight and number for all the above mecsh
slzes, with the exception of the 0.5" magh. The 2 x 3" galvanized
wire mesh caught 3 gingle individual of this species, while the
vinyl coated wire captured none. The percent contribution to total
sample by mesh for thie species wag, in terms of weight, as follows
3.1% (0.87), 3.7% (1.25"), 3.8% (1.57), 2.2% (1 x 2"), and 2.1% (2
X 2"), respectively.

Three eprecies of the genus Acanthurus constituted 2.2% by
weight and number of total catch for all meshes. The most abundant
species was the blue tang, Acanthurus coeruleus, recording 1.4% and
1.1% by weight and number, respectively. The highest reported
percent, in terms of weight, of total sanpled surgeonfishes were
for the 2 x 2" and the 2 x 3" galvanized wire, with 31.0 and 15.9%,
regpectively.

Catches by both typee of 2 x 3" wire mesh consisted mainly of
trunkfishes, triggerfishes, filefishes, and surgeonfiches,
Nevertheless, the groups varied with the different typeszs of wire.
For both types of wire the trunkfishes were the most abundant
species. both in termes of weight and number taken, with 23.9% by
welght for the galvanized wire and 27.1% for the wvinyl coated.
Triggerfishes made up 11.7% by weight for the galvanized wire, for
the vinyl coated wire they constituted 12.8%. Filefighes
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(2.8%), epotted trunkfish, (L. trigueter, 1.9%), and ths honeycomb
cowfish (A. polygonius, 1.8%). Three species of parrotfishes
belonging to the genus Sparigoma constituted 4.3% by welight and
3.4% by number of the total catch. The most abundant species of
parrotfishes. both in terms of weight and number, was the redtail
parrotfish, S. chrysopterum, 2.0 and 1.4%, respectively.

The lowest percentage in terms of weight of sampled
trankfirhes wae recorded for the 0.5" mesh (5.56%), followed by the
2 x 3" vinyl coated wire (8.7%). The 1.25" mesh reported 16.1%, the
1.5" (12.9%), and the 1 x 2" mesh 12.2%. The highest percentages
were recorded with the 2 x 2" mesh (24.8%) and the 2 x 37
galvanized wire mesh size (19.7%).

The percentage of bycatch or trash fish in terms of weight for
the smaller mesh sizes fluctuated between Z3 to 34% of the total
sample (Fig. 3). The bycatch consisted mainly of squirrelfishes,
surgeonfishes, butterfly fishes, jacks, morays and scorpion fishes.
The percentage of bycatch captured by the two types of Z x 3" mesh
differed markedly. The percentage captured by the 2 x 3" galvanized
wire was eimilar to that caught by smaller mesh. The vinyl coated
wire, on the other hand, recorded the lowest percentage of bycatch
of any mesh (Figure 3g). The highest percentage of bycatch wase
taken by the 1.25" mesgh.

For the 0.5", 1.25", 1.5", 1 x 2", and 2 x 2" mesh sizes the
bulk of the bycatch was composed of a single species, the longjaw
gguirrelfish, Holocentrus ascensionis. This was the most abundant
species caught in terms of weight and number for all the above mesh
sizes, with the exception of the 0.5" mesh. The 2 x 3" galvanized
wire mesh caught a single individual of this species, while the
vinyl coated wire captured none. The percent contribution to total
gample by mesh for this species was, in terme of weight, as follows
3.1% (0.5"), 3.7% (1.25"), 3.8% (1.5"), 2.2% (1 x 2"}, and 2.1% (2
x 2"), respectively.

Three species of the genus Acanthurus constituted 2.2% by
weight and number of tetal catch for all meshes. The most abundant
species was the blue tang, Acanthurus coeruleus, recording 1.4% and
1.1% by weight and number, respectively. The highest reported
percent, in terms of weight, of total sampled surgeonfishes were
for the 2 x 2" and the 2 x 3" galvanized wire, with 31.0 and 15.9%,
respectively.

Catches by both types of 2 x 3" wire mesh consisted mainly of
trunkfishes, triggerfishes, filefighes, and gurgeonfishesn.
Nevertheless, the groups varied with the different types of wire.
For both types of wire the trunkfishes were the most abundant
gpecies. both in terms of weight and number taken, with 23.9% by
weight for the gZalvanized wire and 27.1% for the vinyvl c<coated.
Triggerfishes made up 11.7% by weight for the galvanized wire, for
the vinvl coated wire they constituted 12.8%. Filefisghes
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August to December (Tabls 9). The percentage of malegs with riype
gonads psaked from April to July. Males with spent gonads were
recorded in April, June, and from September to Decembher {(Table 103}.

Fifty percent size of sexual maturation was 220-230 mm for
males and females.

Vermillion snappers (N = 196) were captured from March to
Decembeyr 1890; £E3.1 % were malesg and 39.8% females, 7.1% were of
unknown aex. Kipe males accounted for 74.0% of total sampled males,
while females with ripe ovaries constituted 69.2% of total females.
The sex ratio of females to males was 0.8:1 (F:M). Figure 5 shows
the gize distribution of sampled males and females, and ripe males
and females. Differences in length frequency distribution between
all males and females, ripe females and nales, and among ripe
females and ripe males were statistically significant (Kolmogorov-
Smirnov, 4 >> D.os}.,

Based on available data the highest percentage of females with
ripe ovaries wasg collected in March, April and September {Table 9).
Males with a high percentage of ripe testes were sampled from March
and April (Table 10). However, sample sizes were small for both
gsexes in the fall and winter. Individuals with spent gonads were
sampled during October (one of each sex, Tables 9 and 14).

Fifty percent size of first sexual maturation for females was
220-230 mm, while for males was 2Z10-220 mm.

0Of sampled spotted goatfish (N = 3983% 41.5% were females, of
which 64.4% had ripe ovaries. Males made up 57.8%, of which b9.0%
had ripe testes. The sex ratio for the sample was (.7:1 (F:H).
Figure 6 represents the percentage of total sampled males and
femalaes and the total ripe males and females. Differences in size
frequency distributionse among all females and males, females and
ripe malesg, ripe females and males, ripe females and ripe males.
and males and ripe males weare statistically significant
(Kolmogorov-Smirnov, d >> D.os)y,

Baszed on available data the highesat percentage of ripve females
was sampled from March-May, and from October-December (Table 9).
The highest percentage of males with ripe testes was collected from
March-June, and from November-December (Table 1{0). Spent gonade for
both sexes were sampled from Sepitember-Qctobsar (Tables 8 and 106).

Fifty percent of firet sexual maturation was 180 mm and 200 mm
for females and males, respectively.

Females constituted 44.0% of total (N = 814) zampled longlaw
squirrelfish, of which 45.0% had ripe gonads. Males made up 47. 9%,
and 72.8% had ripe testes. Sex ratio of females to males was 1:1
(F:M). Figure 7 represents the percentage of total sampled males
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found to be sexuzally immaturs.
Length Frequency

Only those species with a minimam of seventy individuals were
taken into consgideration for the analysis of length frequency by
mesh size. A 10 mm size class interval was chosen as most
appropriate for the data collected.

Eight species were compared in terme of the length-freguency
distributions taken by five of the seven different mesh sizes used
during this survey. The species are the coney (Epinephelus fulvus),
red hind (K. guttatus), blackfin snapper (L. buccanella), lane
snapper (L. synagris)y. silk snapper (L. vivanus), vermillion
snaprper { Rhomboplites aurorubens), spotted goatfish (P. maculatus),
and the longjaw sauirrelfish (H. ascensionis}.

b

Additional species were taken almost exclusively by only
of the mesh sises. Therefore, any comparison betwsen meshes
precluded. This was the case for the scerawlad ocowfish,
honeycomb cowfish, and the smooth trunkfish. All lengths
expressed as Ffork length in mm.

@ o= 0
Hoen g
[t )]

Epinephelus fulvus-coney

Figure B8a shows the length-frequency distribution of total
sampled coneyvs using 0.5, 1.258", 1.B", 1 x 2", and 2 x 2" mesh
sizes combined. Modal class of the complete sample was 250 mm, and
a median size of 240.5 mm, with a median weight of 185 g. Maximunm
gize and weight for the whole =mample were 306 mm and 850 g,
regpectively, with a minimum gize of 188 mm and a minimum weight of
72 g. Figures 8b-8e show the zize fregquency distributions for mesh
sizes 0.5, 1.25, 1.8, and 1 x 2", respectively. Table 11 gives the
median length for ezach mesh size and 25th and 75th guartiles, and
maximum and minimum sizes recorded.

Coneye sampled with the 2 x 2" mesh did not exhibit a definite
modal clags (Fig. 8f), due to small sample size. From Table 11 it
can he observed that the median size and welght for this mesh wers
higher than for the 1.5" mesh.

Differences between the median length taken by thes 1.5 and 2
X 2" mesh were statistically significant {(Kruskal-Wallis, P<.05),
A Kolmogorov-8Smirnov two sample test gave statistically significant
differences for the following zize distributions: 0.5" and 2 » 27,
and 1.5" and 2 x 2" mesh sizes. All cthers comparisons yvielded non-
statistically significant resulte.

Epinephelus guttatus-red hind

Figure 9a shows the length-frequency distribution of red hinds
gampled with 0.57, 1.,258", 1.8, 1 « 2", and 2 x 2" mesh sizes
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Lutjanus vivanus-=zilk snapper

In Figure 12a are disrlayved ths size distributions obtained
for the total sample and by mesgh @ize of the #£ilk snapper. For the
total sample the modal class was 210 mm, Figure 12a. The median
gize and weight were 213 mm, and 155 g, respectively. The maximum
size and weight were 382 mm and 530 g, while, the minimum size and
welght were 76 mm and 8 g, respectively. Figures 12b-12f show the
size frequency distribution for mesh sizes 0.5", 1.25", 1.5", 1 x
2", and 2 x 2", respectively. Table 11 gives the median length and
2hth and 75th guartiles.

The differences among mediansg of silk snappers captured with
1.5" and 2 x 2" mesh sizé are statistically significant (Kruskal-
Wallis, P<.05}).

A Kolmogorov-8mirnov two sample test vielded statistically
ignificant resultse for the size distributions of 0.5" and 1.25";
8" and 1.56"; 0.5" and 2 x 2" mesgh; 1.28" and 2 x 2": 1.5" and 1

2"y 1.5 and 2 x 2": and 1 x 2" and 2 x 2" mesh sizes.

Bhomboplites aurorubens-vermillion snapper

Figure 13a displays the distribution of the total sample of
captured vermillion snappers. The modal class for the whole sample
was 220 mm, with a madian size and weight of 210 mm, and 150 g,
respectively. Maximum and minimum size and weight reported were the
following: 280 and 45 mm and 290 and 2 g respectively. Figures 13b-
13f show the size frequency distribution for mesh sizes 0.5",
1.25%, 1.86", 1 x 2", and 2 x 2", respechively. Table 11 gives the
median length and 28th and 75fth quartiles.

Not a gingle vermillion snapper was sampled with the 2 x 2" or
2 x 3" meshes. Indeed meshes greater than 1.5" mesh did not catch
any vermillion snappers. A EKruskal-Wallis test gave =a
statistically gignificant difference between the results obtained
for this mesh and the 1.5" mesh (P<0.05),

Differences among the size disgtributions of the 0.5 mesh
compared with that of the 1.256", 1.5", and 1 x 2" mesh were
statietically significant, (Kolmogorov-Smirnov two gample test d »»
D.os).

Pseudupeneus maculatus-spotted goatfiesh

The length frequency distribution of samplad spotted goatfish
igs shown in Figure 14. Over 83% of this species were captured with
the 0.5" mesh size. The 1.25", 1.5", 1 x 2" and 2 x 2" mesgh size
gamples in fterm of numbers are all very small. The distributions
were graphed for the sake of comparison. For the combined total
sample the distribution shows a bimodality at 180 and 200 mm size
classes (Figure 14a). The median size and weight were 185 mm and
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Acanthostracion polvegonius-honeycomb cowfish

Figure 16b shows the distribution of sampled honsycomb
cowfish. Modal class was 220 mm, with a median size and weight of
2372 mm and 250 g resgpectively. Maximum recorded size for this
speclies was egual to that reported for the scrawled cowfish 375 mwm
(Table 11}, but the waximum weilght was elightly lower B6HO g.
Minimum size and weight for the honevcomb were 157 mm and 58 g
regpectively.

Lactophrys triqueter-spobted trunkfish

The modal olags for the spotted truankfish was 180 mm (Figure
16c), with a median size and weight of 178 and 190 g respectively.
Maximum recorded size and weight were substantially lower than for
the two previous species 247 mm and 475 g regpectively. The minimum
recorded size and weight were 127 mm and 74 g respectively.

DISCUSSI0ON

The efficiency of traps in catching fish depends on many
variahles, among which the most important are the availability of
fish in a determined area. Other factors such as the design of the
trap, and the width, length and form of the trap entrance or funnel
have been identified as important factors affecting trap catches
{Luckhurstas and Ward, 1987). Une factor which was not tested in
this survey, that has been identified by Luckhurst and Ward (1887)
to bhiase the fish attraction teo a trap, is its visual silhouette.
This was standarized in the study by Bohnsack et al, (1989} but not
in the present study which constructed traps following local
tradition,

Retention of fish in a trap is not only affected by the mesh
gize but also by the shape of the mesh and the flexibility or
"gauge"' of the wire used. Fish size and shape are also important in
thelir ability to escape through certain mesh sizes and shapes
{Sutherland et al, 18387).

In general, gize of captured fish was related directly to mesh
glze, larger median fish size was associataed with larger meshes, ag
was observed by Ulsen et al. (1978), Stevenson and Stuart-Zharkey
{1980), Munro (1883}, and Bohnsack et al. (198393,

Catches

Smaller mesh sizeg (05", 1.25" and 1.8") had the highe=st
cateh rates in numbers of fish caught per haul. The high numbers
result from the large numbers of amall elongate-shaped fighes such
ag the epotted goatfiah, Pseudupencus maculatug, that are able to
agscape through larger mesh aizes. Stevenson {(1978) reported =a
narked effect of mesh size on the length <2f samnpled spotted
goatfieh due to the eleongated form of ite body. Catch rates wers
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are captured in fewer numbers by the largest mezh sizes. This is
partially due to the apparent general lower availability of larger
animals, which is supported by skewed size frequency distributions
toward smaller size classes for these species.

None of the mesh sizes tested. with the exception of 2 x 3
vinyl coated wire., is likely to achieve one of the main goals in
increasing mesh size. That iz to decrease the number of bycatch or
"trash" fish taken. This remained high and fluctuated from 20 +to
35% of total catch for all mesh zizes. This result would, however,
vary depending on the classification of what constituted bvcatch.
This clasegification can vary depending on species availability and
market forces. -

Spawning and Mean Size of Sexual Maturity

Data on spawning seasonality of selected species were
collzcted incidentally and are compared with publizhad literature
from the region. Not all months were sampled comprehensively for
all species and hence only broad patterns may be presented. Thesze
are expresged predominantly in terms of percentages of ripe
individuals on a monthly basis where data are available.

BErdman (1977) reported a spawning period for lane snapper
in Puerte Rico waters from March to September with a peak in May.
Druzhinin (1970) and Rodriglez-Pino (1962) reported a similar
spawning period for lane snappers in Cuban water. Results obtained
in this survey are comparable to those reported above.

Fifty percent size of first sexual maturation for this species
in the Caribbean has been reported as 85 mm fork length (FL) for
both sexes by Rodrigiiez-Pinc (1962) in Cuban water. Manickehand-
Dass (1988) reported 225 mm total length (TL) for females and 230
mm TL for males in Trinidad. Fifty percent size of firet sexual
maturity for both sexes in this survey was 220-230 mm FL.

Determination of the fifty percent size of gexual maturation
of the most highly economically valued species of snapper, the silk
and blackfin anappere, showed that 100% of individuals caught were
Juvaniles. Grimes (1987) demonstrated that species aszocciated with
islands and deep habitates mature at relatively large sizes when
compared to those agscciated with continents and shallower
habitats. Boardman and Weiler (1980) reported that female egilk
snappere mature at 500 mm FL and males at 380 mm. Blackfin snappers
were reported to resach maturity at 200 and 380 mm FL for females
and males (Boardman and Weiler, 19803,

Vermillion snappers showed a higher percentage of ripe gonsads
in March and June. Erdman (1976) reported the spawning period of
thie species to be from March-May, which is compatible with the
results obtained 1in this survey. Boardman and Weiler (1980)
reportaed a yvear-round spawning season for this speciss. Mean size
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to April. indicating a major spawning period. In contrast, ripe
scrawled cowfizh were collected in greater numbers beitween October
to December. Munro, et al (1973), suggested that A. quadricornis
spawns throughout the vear, with a peak in the sarly spring in the
Caribbean. There ars no data available for the honeycomb trunkfish
from other places in the Caribbean.

There is little information on the reproductive bhiology and
spawning season of the smooth trunkfish, L. trigueter. Munro, et al
(1973) suggestad that this species in the Caribbesn aspawne from
January to March. Breder and Clark (1947) collected eggs of this
species during the summer time in Florida waters. Data collected
during this survey suggest a major spawning period from March to
Arril.

Length Frequency
The majority of the species that were taken into consideration

for length frequency analysis were caught in greater numbers by the
smaller mesh eizes; very few, if any, were ocollected with the

largest mesh sizes 2 x 27, 2 x 3" (galvanized or vinyl coated). In -~

general terms, the distribution of these species is highly skewed
towards the smaller eizee. The larger sizes are poorly represented
with the mesh sizes utilized., with the distribution mostly centered
around 100 to 200 mm. Whether this pattern is dus to heavy
exploitation or related to some other factors such as depth, soak
time, location, changes in fieching power, or simply due o
availability of fish is unclear. Thesge latter factors have been
identified by several authors in the Caribbean region to be of
great importance when consgidering the effects of mesh size on trap
catches (Munro, 1974; Stevenszon, 1978; 8tevenson and Stuart-
Sharkey, 1980: Ward, 1887; Ward and Nigbhet, 1987). However, it is
likely that, at least for some gpecieg such asg the sillk snapper,
gear selectivity and depth are important factors.

This latter factor, gear selectivity, is of great importance
as it relates to length of first recrultment inte the fisghsry. The
major concern is that esmall individuals of most key gpeclies are
being retained by smaller nesh sizes. It is clear that eize
selection by mesh does occur (Muanre, 1974, Stevenson., 1878;
Stevenson and Stuart-Sharkey. 1980; Hartsuijker and HNicholson,
1981; Munro. 1983; Ward., 1987; Ward and Nishet, 1987; Bohnsack, et
al, 1988). Smaller meshes tend to retain smaller individuals,
often juveniles. that either have not vet been able to reproduce or
can result in a lower reproductive potential for the stock. and
nltimately lower yvields.

The following is an example of a positive conseguence of
increase in mash sgize from 1.25" to 2 x 2". A recent analysis of
vield per recruit was carried out on the red hind and indicated
that this speies was growth overfished (too many individuals ars
taken at too gmall a size to maximize potential yield, Sadovy et
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Figure 1, Impact of mesh size on fish trap catches. Horizontal bars
show medians and vertical bars show 25 and 756 percentiles.
Sample sizes are shown in Table 2.
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Percentage of Species Composition by Fish Market
Classification

0.5 MESH SIZE 125" MESM SIZE 15* MESH SIZE

ANAPPERS

3a 3b 3¢

1" x 2" MESH SIZE 2" x 2" MESH SIZE

Figure 3. Comparison of percentage of total weight captured
with different mesh slzes by market classification: Firstclass
(snappers and groupers); second; third; shelltish (shell)

and trash flsh. For more detalls on market classitication
refer to Matos and Sedovy, 1989; and Teble 7.
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Figure 4. Size digtribution by sex and
incidence of rive adult Lutispus
Syneyis with different mesh sizes, 1990
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Figure 8. Size distribution by sex and

incidence of ripe adull Pseydupeneus
maculatus with different mesh sizea 1990
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Figure 5, Size distribution by sex and
incidence of ripe adult Rhombopiites
aurorubens with different mesh sizes,
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Figure 7. Size distribution by sex and
incidence of ripe adult Holocentrus
ascenajonis with different mesi; aizes.
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Figure 9. Size distribution of sampled Epinephelus guttatus
with different mesh sizes off the west coast of Puerto Rico
during sampling period of January to December 1990.
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Figure 11. Size distribution of sampied Lutjanus synagris
with different mesh sizes off the west coast of Puerto Rico

during sampling period of January to December 1990.
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Figure 13. Size distribution of sampled Rhomboplites aurorubensg with different mesh

mem off the west coast of Puerto Rico during samplingperiod of January to December
1 .
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Figure 15. Size distribution of sampled Holocentrus ascensionis

with different mesh sizes off the west coast of Puerto Rico
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Table | Digensions of trap meshes used in surver.

*Hesh Kidth  length  Area Diagonal  Ridth  length  Ares Diagonal
Shape [ifiches} [inches) ({imches)? (inches)  (mm) {anj fom)? (z2)
Squara g5 pa 8.2 8.7 17 12.7 1.8 18.9
Bectangalar 1 2 2.08 2.25 25.4 50.8 12.8 57.1
Hexagonal 1.2 1.2% 156 1.5 2.8 218 4.8 38.1
Sguare L5 L5 205 2 3.1 3.1 4.5 504
Square 2 2 4.00 2.08 50.8 50.8 25.9 3.2
Bectangular 2 I 80 375 50.8 76.2 3.7 #5.3
Rectangulark ? 3 £.00 375 5.8 76.2 3.7 §5.3

¥ yinyl coated mesh

Table 2. Sumary of Fish trap catch and affort data by mesh gize.

Nesh frap Total Median #  Total  Median wi Median wit Nedian sise Nedian Value Total CPog
5ize bauls  cateh fish per  Welght  per haul per fish per fish  per haul species  Tolal
{inches) It} (#) hau) (g) {z) 2] {F) (8 () gftrap hanl
(o0}
1.5 x 0.5 208 1,227 5.8 24715 99750 145 1980 147 55 150.60
1.25" hex 19 9 861 13,812 1,216.90 bE 280 218 8 M08
1A &' 133 553 £17 N5 1M 68500 205 220.0 175 4 1825
Li"y 1.8 144 1,018 707 26,708 1,0%5.00 175 4.8 2.99 52 M.
2 190 539 284 104623 62130 275 9.8 2.06 2 M7
Sy ¥ ogalv. 207 155 8.75 72,089 0.00 405 260.0 g.00 33 50.68
Sxdty 58 65 1.12 25,840 240,90 350 248.0 013 15 65.34
Totale 107 {471 1,086,081 9

(PO = g/trap haul: a single trap haul consists of a soak period of 5 to 8 days, inclusive.

Table 3. Percent cateh composition by family by weight or by number between 1936-90. Families are listed
according to decreasing percentage of weights for 1986-87. Data from 1966-1987 are from a Fishery
Independsnt sampling program of the comercial trap fishery of P.R. (Rosario, 1988), uging 1.25

¥ 1.25" vesh traps only. Data for the 1983-89 are from the Fisheries Independent Survey off the west
coast of P.R. (Rosario, 1989), using 1.25 x 1.25" hexagonal mesh trape only. Data for 1990 are from the
vest coast of P.R. Mesh Selectivity project. Sample size:2,248 kg (8,173 fish) in 1986-87; 704 kg (2.879
fish) in 1968-89 and 1,096 kg {4,471 fish) 1990,

Koight ¥uabers
Family 1986-87  1960-8% 1990 1986-87  1989-89 1899
4 ¥ ¥ H 3 4
{thiz study} {thiz gtudy)
Serrenidae (groupers) 53.4 351 120 53.5 36.6 8.9
[atjanidae (snappers) 19.4 J4.8 2.7 18.6 3.2 L8
Carangidee (jacks) 8.1 1.2 L7 16 8.2 0.4
Balistidse {lsather;jackets) 5.8 N 4.4 3.5 3.9 L3
Pomadasyidze (grunts) 3.7 0.5 3.7 9.4 L3 43
Oetraciidse {boxfishes) 2.0 0.2 8.0 J.4 0.2 7.5
Sparidae {porgies) 1.4 0.4 2.1 2.6 0.5 2.2
Scaridae (parrotfishes) 2.9 2.8 4.3 L9 4.5 7.4
¥allidae (goatfishes) 0.6 3.0 4.7 19 4.0 4.9
Holocentridae {squirrelfishes) 0.5 2.4 15.4 0.8 47 188
labridae (bogfishes) 8.2 0.9 8.2 0.3 4.0 0.1
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Table 4. (ontimeed

Svecies Keight of saspled species (g} by sesh size (inches)

0.5"x 0.5 128" LY 'yt I'x? xdlxit NIAR

50 Haemolon striatem % 7
$! Balichoeres hivitfatus 225 75
52 Irrichthys sartinensia 7 it
52 Monachantidae 4 ?
5¢ Cantherhines macrocerva 2,636 190 e 645 2,280 3,695 10176
55 Captherhines pullus 453 184 539
56 Alutera schoepfii L8680 LGB0
57 Algtera seripta 43 4
58 Maripristis jacobas 840 192 148 1,180
58 {haetodon capistratus 13 104 188 3 L4
60 Chaetodon sedentaring 196 I 32 502
61 Chactodon siriatus M6 w0 36 320 212
62 Chactodon ocellatug 60 g0
63 Emetus Iapceolatus 906 gy M n 8 2,710
64 Holacanthas ciliaris 1,77 % 50 B 9 4,600
65 Holacanthus tricelor & 2 118 483 1,784
66 Caranx hivpos a75 g5
67 Seriola dmerilii 500 M0 700
63 Scorvaena plomieri 21 55 L120 889 0 2%
69 Scorpaenodes caribbaeus 536 a0 290 1,250
70 Chrlosyctervs snteanatuy 590 K/ T 1,214
71 Chylogycterus antillarow 925 1 1% 65 Mo M M5
72 Diodon holocanthus 5335 L2 s 3,40 485 11,39
73 Diodon hystrix 1,735 745 1515 130 5,355
74 Canthisagter rostrata 62 62
75 Grmothorar fomebris 12,47 9,752 21,99
76 Gymaothorar moringa 1,969 L] 1,960
77 Gmothoray vicings 660 660
78 Bothug Jumatus 352 250 692
79 Baralichthes tropicas 82 i 130
80 Pactrlovterys wolitans L 690 s 6,005 1,15 10,235
81 Dasyatis asericana 1,170 L1
82 Papilires argus 5830 L7 4,180 B3 1,360 3,810 3450 20,969
83 Scyllarides nodifer 150 160
&4 Carpilivs corallinup 4,380 5345 4150 LER 4565 4,865 24,835
85 Nithrar gpipossiseings se 40 1,350
86 Aresaug cribarivs 50 7 120
87 Stepocionops furcata 150 150
80 Calappa flamea 180 180
89 Fageiolaria tulipa bl 5
80 Qetopus wulearis L1580 1,158

TOTALS 24,715 236,812 216,708 135,134 184,628 72,098 25,940 1,096,031

Nugber of Samples 206 138 144 EX 19 207 58 Lo%6

¥ 2" x 3" VINIL COATED WIS
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Tahle 5. Joptimed

Species Suzber of fish trapped by mesh gize (inches)

8.5 L% LE Ix? 22 i} l Blal

50 Haemalon striatus 1 1
81 Halichoeres bivittatuy 1 1
82 lrichihre partinencis ! 1
53 Nonacanthidae ! 1
5¢ Gaptherhines sacrocerus 5o LI 5 7 2!
85 Cantherhines pallng ) 2 3
36 Alufera gchoepFif d 3
57 Autera seripta i !
88 Mrripristis jacobps o2 2 15
59 Chagtoden capistratos i N T 32
89 Chaetodon sedentarius 7 M 1 2
8! (haetodon ghristus I 8 § 5 b
62 (Chaetodon ocellatus 1 1
63 Kauetus lanceolatus ¥ 1 5 3 1 M
84 Bolacanthus ciliarie 3 1 1 2 i
b5 Holacanthus tricolor il 4 1 3 1
66 Carepx bippos 1 !
57 Seriola dumerilii 1 1 2
63 Scorpaena plusjeri ? 2 3 3 1 I
89 Scorpaenodes caribbaeus ? ! 1 4
70 Chylomseterus anteanatun 4 1 2 5
7l Chrlowrcierus antillarus 3 1 ? 3 1 11
72 Diodon holocanthus % 53 b 2 4
73 Diodon Brstrix {3 7 2 15
74 Cantbieanter rostrata 7 7
75 Grmothorar fmebris 2 ! 3
76 Grmpothorar soringa Z ! 3
77 Gymothorax yicinue ! i
78 Dothos Iumatus 2 1 3
78 Paralichibis tropicus ! ! 2
80 Dactylopterve volitans 2 22 14 2 22
81 Dasraiis apericana ! !
82 Panulireg argus § 3 ' 2 73 24
83 Scyllarides nodifer 1 !
84 Carpilius corallisus § I A 1 g 4
5 Mithras spinossissisus 2 1 3
3 Arepaus cribarius 2 1 d
37 Stenocionope furcata 1 I
39 Calappa flamses !
89 Fepiplaria tnlipa 1 l
90 fctopus vglaari 1 {
Totals Lar 81k L0 5 539 155 6 447!
fusber of Sawples 0 13 M 13 10 w7 58 1,078

¥ 2"y 7 vipl coated wire,
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Tatde 6. Continued.
Table 6d. Kruskal-Kallis Test for differences in price per haul by mesh
size,

Kesh Size (inches}

Hesh Size 0.5 125 L5 i 2 Z 2
{inches) X X X X X X X
0.5 1.1 L5 2 2 Jg v

.53 1605
1LBx 15 &
15x )5 L X

1x2 b n ]

2x2 b f ¥ t

2x3¢ ¥ ¥ ¥ 1

irdvy ¥ ¥ x i ¥ n

Table be, Xruskal-Nallis Dest for differences in price per fish per haul
as a function of wesh size.

¥esh Size {inches)

Megh Size 0.5 1.25 1.3 ] 2
{inches) b4 X X X X X b
0.8 12 1§ 2 b iz Jy
0.5x 0.5
1.x /2%
LixLly & x
1x? n n ¥
Zx? n 2 ¥ n
2rldz ¥ ] ¥ ¥
2xdv ¥ 1 ¥ ¥ i

t = gignificant difference (p ¢ 8.05 Frob » Chi 5q)
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Table 7. continged

Species Value {$) by pesh size

05" x 0518 1§ "'y Py Fydy AL

50 Serranme tabacariug m o080 400 0.00 000 0.0 200 AW o.m
51 Brpiicue pavopacens il g.o0 000 600 008 0.00 .00 000 0.00
52 Priscanthidae i pog 000 008 .00 008 800 0.0 0.00
53 Priacanthur arepatug i por 000 008 000 0.00 200 0.8 8.00
8 Priscanthus cruentatys " 80 000 000 B.00 000 .80 OB 0.00
55 Zanthichthre ringeps 1y} 00 000 D00 000 000 200 000 8.00
56 Uaemglen stristom " p08 200 00 006 000 400 000 0.0
57 Salichoeres birittatus m a.00  o.00 000 200 0.00 00D 0.00 0.00
58 Irrichthys partinencis i p.o0r 008 .00 000 400 000 OB 0.0
&9 Nonacanthidse i} 0.0 0068 D00 000 D08 000 0. p.op
60 Cantherhives macrocerus il 0.00 Q.00 b08 Q.06 086 400 0.00 9.00
A1 Cantherhines pullus il .00 000 008 000 000 000 .00 0.00
62 Alutera schoefi i am 0y 006 000 000 000 0. 0.00
63 Aluters seripta i .00 ap 000 000 A0t 200 0.0 9.00
4 Nrripristis jacobus i .00 000 009 000 00 D00 000 f.0¢
65 Ghaetodon capistratus i p.op  8.00 000 .00 800 000 Q.00 n.00
66 Chactodon gedeptarius i pop 000 000 0.00 000 0.0 000 b
57 Chaetodon siriatus if pog o 000 0.0 000 000 000 0.0 0.60
60 Chaeiodon ocellatus i .o 280 o008 800 000 0.0 0 £.00
69 Bopetur lanceolatus b g.00 060 290 000 008 0.0 0.00 8.08
70 Bolzesnthus ciliaris ¥4 0.00  0.00 008 000 G000 8.00  0.00 ro4
71 Bolscanthus tricolor i por .08 000 000 000 D00 400 0.09
77 Garaax hippos i g.00 080 080 0.06 888 0.00 000 000
73 Seriola doserilii il 0.00 000 000 000 8.80 0.80 0.08 0.00
74 Scorpaens plusier} it p.00  0.00 5.00 080 D08 000 0.00 a.00
75 Scormacnodes caribbaens " pog 008 400 4w L00 0.00 0.0 .00
76 Chrlomyeierus antennatze TN pog 080 080 808 000 0.08 000 §.00
77 Chriowrcterys antillong 1R .00 000 000 000 0.0 000 LN i.08
78 Biodon holocanthus i p.of 000 000 G080 0.080 0.00 0.8 .00
79 Modop hysirix i 4 .00 00 008 000 .00 000 000 0.06
30 Capibizester rostrata IR g0 000 .00 000 000 000 O 8.00
3! Grmpothorsy fumebris b a.00 .06 008 000 0.0 G400 D9 0.0
82 Grasothorez sorings m p.o0 .80 008 .00 000 080 000 .00
2 Gympothorsx vicinpe i .08 000 006 .00 &80 200 0.09 0.08
8¢ Bothaz lmatus i} 000 000 008 .08 000 200 O 2.00
85 Paralichihys troplcus il 0.0 .00 000 0.00 G000 000 0.00 .00
3 Dactrlovterus volitans i pog o 080 040 D00 00 000 000 .08
87 Dagyatis americapa R .00 428 200 &80 000 0. 000 0.00
88 Stemocionops furcata i .00 4.4 600 008 000 8.0 0.00 .00
8% Calapra flagmen i} g0 008 000 of 000 000 A0 2.0
90 Easplolaria talira i .00 0.0 000 o000 Q.60 0.00 0.00 4.0
ToTaLS ¢ 5810 BI7.18 BOT.58 306.68 40051 18439 M. 4 162582

Rumber of Samples M 18 M ByomooW 5 116

¥ 2" x 3" VINTL COMED KIRE
Corgercial classifiestion:P - primary; § - secondary; T = thind: TH = trach.
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Table 10, Mopthly incidence of ri
al # ix total WHales cCau

1990. Tot.

during wonthi .
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