
A. PRI3U.AAT
 . SUJCT Food production and nutrition AM00-OOOO-G339
 
CLASSi - A. 


SRCONOARV
FICATION 
 Fisheries--Puerto Rico
 
7. TITLE AND SUBTITLIO 

Management of a tropical fish pot fishery for maximum sustainable yield
 

3.AUTHOR(S)
 

Stevenson, D. K.
 

4.DOCU4ENT DATE 5.NUMBER OF PAGES ER
1977 1 23p1I * 
7. REFERENCE ORGANIZATION NAME AND ADDRESS 

R.I.
 

8. SUPPLEMENTARY NOTES (ponEoring Organization, Publishers$ Availability)
 

(In Proc.of the Gulf Caribbean Fisheries Institute 30th Annual Session,
Nov.1977, p. 95-115)
 

9.ABSiRACT
 

10. CONTROL NUMBER 
 11.PRICE OF DOCUMENT
 

AI. 3ESCDmTORS 

13. PROJECT NUMBER
Fisheries' 
 93I0110 

Fishing equipment 14. CONTRACT NUMBER 
Yield 
 -AID/csd-2455 211(d) 
Puerto Ri co 15. TYPE OF DOCUMENT 

AID 50-1(4-74) 



Reprintedfrom 
Proceedings of the
 

GULF & CARIBBEAN FISHERIES INSTITUTE
 
30th Annual Session, Nov. 1977
 

page 95-115
 



Management or a Trlopical Fish Pot Fishery 
for Maxinmm Sustainable Yield 

1).\VII) K.STIVINSON 
(;)lhcgc, q"RcsI'tV 11', t-l~holemnt 

I/nirrsitv (It.Rh, ,,Islan,h 
ldiocni V o)( AhhIloI 

INTR()i['l 110N 

Coral reel's and adjilcer l't Lillhw-waler enironieni are productive "oses" 

tropiucal sea:,, vhich ,uppltirt ablnd,1ant and diversein otherwise ,u0tnent-dpleted 
tihe principal atlisanalfish populat.ions :1(nd aciClV ;lsallial fishelies. One of 

fishing grItds ill the (alrilealt is tile wile fishfishine Leits used on colhne 
shelfpot. A ,Jilahle ini'mloritioli iil,.ates thLtii itiritial hidlvests titlnl ciorallirie 
2 

,irea in the (rrihi ma y ritiee titotIi :i !ow inetiic tits (llt) ptet ki Itorbea tot'0.5 
to a 

as lnuch as 4.0 lit per kill- (StevensotLand Marshall 1(,74) Js cltl)taled 

gele ral%,: harvest t ) t. 
2 stocks_rA110 for dCrnersal trawled holaccepted rate 

ieported : ttotal catch oif 100.0tJ(Jternpera:re t one ihrg ,rouirid" . 11li (1()71 

mit Iom reef li, In tile ('r eilan .1nrinr NoS. (iven tile general lack oif 

this caltch has
techiohitical d.nce int tile 1lttiSlllal fisheries in tile lSt decade, 

,average sustained liavest rate of I .Iprobably ciane,:d very little. Asunig an 

mtikrn 2". Mtir l (1' I qed,-rCr) d a 1p ttIential caith It 75t0.tJ() rilt ron Carih-

The itiitimal reel fihery clearly imelits ile attention thall itbean reel ara. 
tIle lesouiceshas heretoioic received it tleve f1ihelie, .le to :e developed :11id 

properly manage . 
Ofaktlh ind llllfllh froti insholie Puertr Riciai watersT :Itail e.stinlle.tltd 

in 1t075 weic 2 i rt (Sat:/-(a*rti . perstial cmrirrnrricatit ). During 197-1, 

72,; of the totd hshLrrn,!-d il Piot to Rico were derived l!trrrr wire fish pots 

(Roln, I, 751..,piS i -_ :tie ill ectiorilicrlly iriportarit c.ipollent flprot. 
the ex-sk-vcl vaLIe 40 pt landings il 197.' wei due to lObster.calches: 21r ,r 

The majoir flhri gtoind lor tIre Puoeiti Ricair pot fish,'ry is the 520 kn 2 of 

coralline shelf tof tihe smillwesi co).Jst of tie 'sland (Fig. I ). The average depth 

iost of the shell i (1ini the ,iih.stiate is comriporsed ofa coralline sand withover 
Pots are set in 10-60 m, usually in tireisolated coral head. .ind reels (Fig. 2).

vicinity of tire snher~ged irtiginrg reef which shroals to 10 iion t te outer edge 

of the shelf and niealr tie nirretois shallow patch reefs closer inishoie. The 
5- to 7-in long with outboardinsiore ptots are opermted tront small open hoats 

motors. Ol'shore fishing grounids are exploited by a fleet of perhaps a dozen 

larger (7-1 2 in) sloop-rigged sail botras which are equipped with in-board engines 

and small gasoline-powered pot harrlers. These vessels make daily trips and haul 

pot is left for 4-5 days. The fishery is seasonal; fish40-60 pots per trip. Each 
predominate during tIhe wet season (June-Noveniber) and lobster during the dry 

season (October-April t. 
An analysis of the comnercial landings from Sl pot hauls during 1973-74 

of 5 kg of fish per haul worth $2.08 (ex-vesselrevealed ant average catch rate 

value). The fish exploited by this ishery are small; the average weight of 2300 
0.18 kg/fish.fish landed fron the :;ame 81 pot hauls was 
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Figure 1. The island of Puerto Rico showing major cities and the 100 fm contour. 

Research was conducted aboard a commercial pot vessel in Fuerto Rico dur
ing 1973-74 for the purpose of estimating growth and mortality rates for the 
principal fish species harvested by the pot fishery. Tile objective was to apply
parameter estimates to the Beverton-Holt yield model to determine the degree to 
which each species population was over- or under- exploited and to recommend 
appropriate management procedures for the fishery. The 10 species selected for
this study (Table 1) accounted for approximately 80% of the weight landed 
from the previously mentioned 81 pot hauls. 

METHODS 

Data Collection and Compilation 
Parameters were estimated from length data for fish captured in 3.4-cm and 

4.2-cm (maxnium aperture) wire-mesh fish pots operated in different locations 
(Fig. 2) on the southwest coast of Puerto Rico.' Over 10,000 individual fish 
were measured during 39 fishing trips aboard commercial pot vessels during
three sampling periods in 1973 and 1974. Sampling was conducted for a total of
13 weeks during a 14-month period. All pots were of similar volume (0.70 m2 

or 25-30 cu ft) with entrances of nevily equal size and were operated by experi
enced fishermen. No data were collected from damaged pots since the escape of
smaller fish through holes in the pots produced biased length-frequency data. 

Length measurements were compiled into frequency tables by species, loca
tion, and mesh size for each fishing season. Length intervals were, in most cases, 

I The chicken wire used to construct wire fish pots is composed of roughly hexagonal
meshes. Both mesh sizes which were sampled were commonly used by the fishermen and 
were equivalent to I-in and 1.25-in miniipfum aperture. 
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Table I. Lst of the ten species investigated on the solutlwest coast of Uetto 

Rico during 1973-74 with tile percent composition by weight as estimated fron 
81 pot hattls during two dif'erent fishing se7,,'ns 

Family Percent of total landings Pelcent of total landings 

Genus and Species Sept-Oct May-June
 

19 73 1974
 

Serranidae (growpcrs. hind.,
 

hIplmcph'lus gutratus 25.1 13.3
 

Cephalopholisfida 1I.1 9.7
 

Carangidae (jacks)
 
Caranx ruber 4.4 2.8
 

Pomadasyidae (grunts)
 
IHaetnulon plumieri 7.5 22.7
 

Mullidae (goatfishes) 
3.8Pse,,Z:peneus niaculatus 14.5 

liolocentr:dat' (squirrelfish)
 
IIolocenr s ascensionis 8.8 2.8
 

Ifolocenti us rufus 
 3.7 7.6 

Scaridae tparrotfish) 
Sparisona atirofretwtwun 6.3 6.4
 

Sparisoma chrysopterum 1.0 7.3
 

Sparidae (porgies)
 
Calainuspennatula 0.5 0.9
 

TOTAL 82.9 77.2 

5 or 10 nn. Individual length-frequency distributions were combined for differ

ent locations in cases where the composite sample revealed the same number of 

size groups with more or less identical modal lengths as in the original, incom
of sizes retained by differentbined samples. For cases in which the ranges 

meshes were not significantly different (no size selectivity), samples collected in 

different mesh sizes were also combined. 

Parameter Estimation 

Growth (K, L.)
 
Growth was assumed to conform to the von-Bertalanffy growth function
 

--K (t-t 0 )It= L. I-e (1 

where 1t = length at any age t 
L. = the maximum limiting length attained by individuals in the pop

ulation
 
K = the annual instantaneous growth rate
 
t. = the time (age) at which growth begins 
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Figure 2. The southwest coast of Puerto Rico:a small-scale map wVhi,-n shows the coastlineand depth contours. The triangles indicate the position of navigati:n buoys. Inland placenames indicate landing points for the pot fishery. Major underwater reef features are alsoidentified. Three general fishing grounds worked by offshore pot vessels from Puerto
(locations A, B,and C) are indicated by cross-hatching. 

Real 

The growth rate K can be estimated from the length increments of individual
size groups between sampling periods without absolute age information by trans
forming the von-Bertalanffy growth equation into the following linear regression
equation (Ricker, 1975): 

loge (La. I )= loge Lo. + kto -kt (2) 
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length ola giveil size group :1ttime twhere i the rnmeanr 
relative time of sampling beginning at t=(/tile 


.k tileslope of tie linear iegression 

Thus, in grap hical folln, values of Y=loge (L.. - I ) were 'lotted .ga st t 

to tie iinterval Ihetweeni tile first and succeeding .;anipleswhen t was equal h11e 
(0,8, and 12 months). The slope of tileresulting regression was, for each size 

to k aId An avelage monthly growth rate was calculate(; for all size group, equal 
the iridiid'ii] k regerssion coefficients. An average anllal instanta

groups fr1om1 
was estimated hy rulriplying the averagenenur, growth rate foMeach ,egroup 

monthly growth it.te 1)%twelve. 
mrst eilher be knownIn order to estimatte k rin equation 2). values ot LOo 

o estmated trmt repeated tril-and-error ti's Of tire' reressiori eqlation0 to 

observed It aid t cat using dlfTeret values of L. until tire best fit is oh)

tained. tlowever, since all regressi,+n analyses inthe piesent sludy were pelfol

ed with a very limited number ofI points (there was a mtiaxirrmumirl Of thlee sam

pling periods repiesnited). the trtal-:rrd-erior estimnationl procedure was not at

tempted. Intead. L 0 estimates were based On (I) the axi.irut observed 

length (I.:, )I catc drta froiti lruer Or froit a series ofl independenttt RIcO 

studies Of reef fish poprl:tions in Jaluaica,. aid (2)iiral-and-err or regresions for 

data as, perftolmed b% NItIIr, and co-workers. Estiiates of' Jarllica catch 
are presented inl Tabe 2. Estimates which were based onf rmaxirmumr observed 

selected ,11,1h was equal to or slightly mtie than tire largest 

Observ L I , JtrtrarC,i Or Puerto RICO. 
lengths were that L. 

i,:,ier ill 

Mean length estilates w.ere deteitirted for individual size groups irr each 

seasonal lenzlireouerry distribution by means f1':aparatieer estimation 
)) IBM 370/155 comtechnique derived by I lasscblad (0 and executed on an 

puter according to a program developed by Tomnlinson (1971). This program 

rneaI' length, variance, and percent colposition of(NORMISEP) estimated tire 
size groups by means of iterative soltions ofnormall,-distributed compotent 

maximum Likelihood estimates fOr each paramletr. This process involved s,-'ving 

a partial differential equatiOn for art approximattio to tilelogarithm of tIre 

likelihood function with respect to each parameter when each equation was set 

equal to zero. Initial estimates ftihe neans. variances, arid proportions fu each 

size group were performed using .iaXirurillikelihuood estimates Iur onei-sided 

truncated nurr. distributionl ( Ia Id 1952). 
distibutior was repeated forAnalysis of each polynodal length trequency 

values fuor thedifferent numbers oftconponent size groups and using differen 

at which adjacent size groups ye rlappe I until a result was obtainedlength 
which accounted f'or all size groups present ir,preceding samples, excepting 

those which could be assumed to ro longer remain vulrnerable to captureiand 

recently recruited to the fishery. A chi-square goodness-of-lit test"new" groups 

was 
also used to indicate which prlymrodal frequency analysis produced the least 

divergence between observed and predicted length frequencies. 
99 



Table 2. Maximum limiting lengths (L.) and annual instantaneous growth rates 
(K) estimated from length frequency data for three sampling periods during
1973-74. Estimates of L. were either based on trial-and-error regressions of loge
(L.-I ) versus sampling time (see text) or onl observed maximun lengths and are 
appropriately labelled. 

Species o (mm) Obs. Calc. K 

Elpinephelusgu trats 520 * 0.22 
Cephalopholisfulra 340 -44? 0. 
Carax ruber 520 + ?
 
Ilacmutonplundri 
 420 f -- 0.26
 
PseLndupeeusmaculatu 270 §  0.28. 
tlolocentrusascen.ionis 3)0 - 0.26 
ilolocentrug ruJiis 230 -- 0.29
 
Sparisoma aturofrenatuni 260 
 - 0.20
 
Sparisomna chrysopten ni 370 ?1 

Calamus pennatulda 285 -? 

References: Thompson and Munro, 1974a; Thompson and Monro. 19741); Billings and 
Munro, 1974: Munro, 1974a. 

Once a satisfactory frequency analysis was selected for a given sample, two 
guidelines were used to deduce the most probable mean length progression for 
each size group: (I) once vulnerable to capture. each size group had to be 
accounted for in each catch record until it reached a size that was no longer 
harvested, and (2) growth of' a size group between any two sampling periods 
could not be negative. 

The importance of these two criteria is best illustrated with an example. In 
the example shown in Figure 3, size groups A. B, and C had to be accounted for 
in the fall 1974 data since they were clearly indicated in the previous two 
samples. lowever, the overlapping of groups Band C (and pediaps )) in the Fall 
1974 data was so ext reme that only one mean length could be satisfactorily 
determined and the third data point in the linear regression analyses for groups B 
and D was eliminated (Fig. 4) as was the intermediate mean length for group A. 

The second criterion required that the third group in the Spring 1974 sample
(200 mm mean length) could not be size group D since this interpretation would 
infer negative growth. The single predominant peak in the last sample was there
fore assumed to belong to group C. This interpretation resulted in similar annual 
growth rate estimates for each group (Fig. 4). 

Presumed mean length progressions were also based on the assumption that 
no additional size roups were recruited to the fishery during the intervals be
tween sampling. Also, progressions which resulted in very low (K < 0.1 ) or very 
high (K> 1.0) growth rates were rejected. Valuable guidelines to the most 
acceptable growth rates for most of the species investigated were provided by 
the published growth estimates of Munro and co-workers in Jamaica. 
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Figure 3. Seasonal length frequency distributions for !tolocentrus ascensionis captured inwire fish pots with different mesh sizes off the southwest coast of Puerto Rico during1973-74. The mean lengths for component size groups as determined by computerizedpolymodal frequency analysis are shown by the small arrows and the inferred mean lengthincrements for size groups A, B, C,and )by the dotted lines. 

Because length data were only collected on three occasions and since many 
mean lengths could not be satisfactorily determined, many of the lineai regres
sions used to estimate growth were composed of only two data points. Statistical 
analyses of variance were performed for all three-point linear regressions. 

Total mortality (Z)
Once annual growth rates were estimated, instantaneous rates of total annual 

mortality were estimated from average annual 1973-74 length frequency distri
butions for each species and for each mesh size according to the following
equation derived by Beverton and Holt (1956): 
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Figure 4. Annual instantaneous growth rate estimation for 1lolocentrusascensionis basedon the progressions of mean lengths (It) for size groups A, B,C, and D shown in Figure 3.The maximum limiting length (L ) was assumed to equal 300 mm. The single three-pointregression was statistically significant at p=.O5.The average growth
size groups was 0.26. 

rmte estimate for all four 

Z = K(Loo-])/(T -1I') (3) 

where K 
L, 

= instantaneous annual growth rate 
= the maximum limiting length 

1' = the smallest length that was fully represented
in the average anltual catch record 

= the average length of fish larger than 1' 
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To avoid statistical bias duc to unequal satiple sizes in lhe dilletrent seasonis,average anlual length-frequency data wvre omLpiled by cottipting (ie avetagepercent frequency for each lengl class duing the tlimee sampling periods. Sincelength data were collected ol two occasions ili the fall and otnly once ill thespling, the Spling hequcncie, wete weighted b) a factor of two ill order to
obtain unhia ed annuala f'rCquecie5 .The parameteI I' was defined as the lowcr boundary 0f the lihst length class
that was I00"i letauin d bw tile geal i.,. the rllstdi.linct frequency ni xitnin illtile iia len"tlt hequetlc. distribution. As such, I' could also h. considered tsthe seat tAt cptute. B"ecause the seletiti of'of was not cmpletely objec
live ill ever, k-asc. ,Sliic \ew('able 3). TIh p iamttIer was 

e fteti elpeated I'm dilfrenl estintate,, of IcsiiilitIetI fion iacOded atiay ot Nucessive

frequencies for ill lelith classe, toillI' tuwavrds. 

AaimilandJiuis/hi, mr/talit' (NI-and F)

Natural iotility estimates us.ed i 
 thits stuidy weie hased (nutintli-t'eqUetC\,

data obtained fit undeiexploiied p.o!+ulthiboS ,nIto Wink, located about-SOkill soilui of Jami,:ia. A ,untiilig that fishing mirtitity wa nol a lactor,Mlunro and ,o-wmtiic+ estil,'mi lle i pai neters I' id [-ill ainintitl leitttfreqlueicy distriuiion, otaint d hit-i exl-itoImty ituil op+eaioIl+S ti PediB]antk and Slvd cIui0ati1l11 !'mi It atio MiK. Natural itiiti i estttlliales tothree ktl the Specie., . die.l ii ll rltlLI RIc() wce estimnatt.ld dircttx ll 111i pl+,ulish 
eL Iedii ink len'tilh tala misitg kiowm
1 1 gi itlh estiiilit, ilJoimI~ii., a
 ue ho Rito 
 ITahte 4). I low-ever, in 1ll ticer ca.,Cs. puhll-thed NI '1K ,,limte, w,'Crecalculated tI i1 :ivJiitabic it'ilnat IcIIVmli Ire,.lut.+llc.V distlihutins oI'a1ne.w value

of I' which was ctisitleil with the cti'limlion 1sed It estiimat_ Itqil iniutality 
rates. 

Since the tntiihed MI1K esliliates I Itee1 ;idhlional species wete liighcithIan published /K estinatll,.", I'i \lolitet popttalils (f dlic uteC OtCis.there wa%,considelble dLubt as to ttii tccliacv alicitc, "true'" NI/KeIc 
latios wcre estilired t, h 7b5'; (it flc plhlihed /,1K iatim, lt expoimed a caon Ptho ink. ThIN p * c+lmitc scitiie'mt ci deI ince. Nliii riaid ilmot11ipsll

(1973) reported that iietc waN n aictivecnti teicia i imlvi illi t lie vicinitv

of the Siallt c onm tyhet Ieestl clii (it 'CLdt, Win.aall heich 
ctIpli)seS
onlv 13 ofthe totuil aid't i1t tic aik. NAiMt tii altm w , calculated rltln
 
tme Admlted NI/K ratis)., u,'itme ktti i iwh ille 
 (Table -4. 

Ior Alte lrmaining to !ciwi,, Ili'rCliahlc I; K tliiht Were avaiiable f'rtlPedro IBank atnd the,.lttime a raige 0I tIM1iitc .'iiiI1-, fitI Mi/K21,%.C:e dtivet
ratios equl ltl 0t.33 ). t. : Ii(]t thand t imo s t ltii , iiZ,/K ialii) s. 

Relative Yield l1,lim:i e,
 
Relative yield pet 
 terlat esilitmialte .eic, deteliiliiled Ilt ii :1sct ld\yield hble:, 

pIublided ) Bve all tc' tort Il 1114). 'lhce vilil tahls, -ire hasd onl a nitidi-Illd versii (i tile mogiial Ite in- Ilt yield clinaltlin ii, ',lilth age palailletels 
were leplaced h ltigtllpalameteri amdlishing tiimility I: was repilaced b'), tle
ratio if tishitng im1mitalilN hi total iolltl y (1:iZ). Thus. ile relative yield ipei 
recruit loi each specics wa,' dtct lilitciiiLId CStiititsil t lIhe flllowing Ihinee 
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Table 3. Annual instantaneous total mortality rates (Z) for eight species esti
mated from annual length ftequency data averaged for two Fall and one Spring
catch records for 3.4-cm and 4.2-cm maximum-aperture wire-fish-pots operated 
on the southwest coast of Puerto Rico during 1973-74. Total mortality wasestimated from 	 the equation Z[ K(L. )/(T-1') with known growth rates (see 
text). Calculations were repeated in su,,,e cases for two values of V anld T. Total 
sample size equals N. 

Species 	 Mesh SiLe N I I 

(cm) 

E. guttatos 	 3.4 704 190 244 1.13 
220 260 1.42 

4.2 758 	 230 276 1.17 
C futd'a 3.4 449 	 190 221 2.39 

4.2 687 	 200 231 2.20 
C.ruber* 	 3.4 & 4.2 284 170 226 1.26 

II. pluniri 3.4 293 	 180 239 0.80 

4.2 	 552 190 240 0.92 
220 251 1.44 

P. maculatus 	 3.4 1098 165 184 1.31 

4.2 737 	 180 201 0.93 
I1.ascensioni 
 3.4 393 	 185 204 1.33 

200 211 2.02 
4.2 298 	 215 225 2.02 

3.4 & 4.2 754 205 218 1.61 
If. ruJits 3.4 & 4.2 545 180 I ;9 !.38 
S. attrofrenatum 3.4 447 	 155 183 0.54 

170 191 11.64 
4.2 973 	 185 203 0.62 

*Data available for Fall 1973 and Fall 1974 sampling periods only and were hased on captures 
in depths 20.40 m. 

variables: (I ) the exploitation rate E which was equal to F/Z, (2) the parameter
"c" which was equal to the calculated length at 50% retention (1, ) divided by 
L. and (3) the ratio of natural mortality to growth (M/K). 

Since the obseived selection ranges for given mesh sizes were asymmetrical, 
the nean selection length l- was calculated as 

I Iy A Fy/ AF , 	 (4) 
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'able 4. Annual 	 itistantaneoits natural mortality rates (M) for e, decies 
captured 	in wire-iish-pots oil the southwest coast ol Puerto Rico during 1973-74 
based ott natural 	 iortalityigrowth ratios (M/K) fOr utexploited populations on 
Pedro Bank and ott known growth rates. Published Mi/K ratios wete recalculated 
for a.justed length at first capture data (I '). in olte1r cases, M/K was estimated 
fromn know n Z/1K values or estimated as a ranige of values. 

Species 	 Mi/K K \1 Remiark, 

E. gl'ftatuo 2.45 0.24" (1.59 M/K adjusted fot tew I' 

C .tlra 	 2.08 0.63* 1.31 M/K = 75 ", Pedro C(Iys Z/K 

C rbter 	 4.00 0.24* (1.96 M/K adjuqttd for new 1 

I. pl micri 1.00 0.26 0.26 Probable range of M/K 

1.50 C26 0.39 values 
2.00 0.26 0.52 

P. Inacul-s 2.20 0.28 0.62 M/K adjusted tor new I 

IL ascensionis 3.81 0.21) 1.00 \I/K 75% Pedio Cays Z/K 
. rufus 2.86 0.29 (.83 M/K = 75%,.CPedro Cays Z/K 

S.aurofrenatum 1.00 0.20 0.20 Probable ranre ,l- M/K 

l .50 0.20 0.30 values 
2.00 1.20 0.40 

Growth rates reported from jatt aica. 

where Iy = 	 the midpoint of the yt h length class in the
 
observed selection range for agiven inesh size
 

A Fy = 	 the increment in frequency corresponding to 
the yth length class 

Thus, for given estimates of 1: and MI/K, observed values of c were compared 
with the expected values of c (equals c' ) at eumetric yield, i.e. when the maxi
mnum sustainable yield per recruit was attained with the least amloutt ofexploi
tatioil and the optimum mesh size. Species for which observed c was less than 
expected c' were overexploited; a reduction in fishing effort or the use of a 
laiger mesh would increase -FI relative to L.. and improve yield. Species for 
which observed c was greater than expected c were underutilized and an in
ctease it] fishing effort or the use of asmaller mesh would improve yield. 

Note that for the purpose of yield assessments the exploitation rate E was 
held constant while maximum yield per recruit was evaluated in terms of the 
mean selection length. In reality, adjustments in the value of , /L. would be 
accompanied by changes in the exploitation rate and appropriate management 
decisions would have to be c valuated in terms of both parameters. 
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RIESUITS 
Growth and Total Mortality Estimales, By Species 

I"pinephelus gut tutus 
A nean annual insaIItaneous growth rate (K) Cejiral to10.2.1 was estimatedfromn progressi()ols tHou[r size groups -ill oesh aod i'three .2-cmrfesh-lengti data. Two of these piogessiorl, were Cllpiee hr al] hbee seaisolls, 

but were statistically isigrificarlr. TFhe IlmaxinIorn iiuifig length (I.) wassumed to equal 520 mim as reported hy hierpsl, 
as

ard Munro ( 074a) who alsoreported K=0.24 i Jamaica. The annual lal ollaliIN late (Z) forf 3 .4-Cn mesh, 
was greater than Z ill 4.2-cmn mesh minl (o the sile .electmINit of tile gear. 
('ep/whahl is .lith'u
 

(rowtir ard 
 t ,a llorutajitv estimates or tills species were )uth cosmisideratlihigher than IMr ally uther. A single two-point site iomgressiln ill 4.2-cri meshdata resulted K=01.44ill whe,: L. was assumed t equal 340 rro. IPulv',iodlaFrequency analysis I'm 3.4-cm mesh-length darj \\,as rlstlislfactoyiV. A glowthrate equal to 0. 3 was reported by h)i,'l ipsll ard .'unr (1974a) Ilrmn Jamaica.Grovth was apparently rapid enough [flat nlo sire We ruJp ierrlainred ill tileexploitalle size range FWr as Imig as a yeal. Total Illlaity was llre pronounced ill the smaller mesh as a resrult M the Sie selectivitV () tillW eCa. 

Caranx rther 
Size selectivity by oresh was negligible, but there was a1sigtficalnr "'liatiol illtie sizes capttied according to deph. Length datai fui- the two meshes werecombined irn two fall shallow-water length frekluelcies. buthill progressiorls wereobserved arid growth could not be estilialed. The total irwilltaity estimate wasbased on K=0.24 and Loo=520 mn as repited by limrpslul arid Ntmrro 

(19741). 

am'rulo phmieri
This species was captured in shallow waier ( <40 Ill) ill both uesh si/es withno apparcl size selectivity. The plorlessions of Ihree site grourps Sarmpled in4 .2-cm mesir-pots during all three seasliIs produced K=O.2o when L \was as,sumed to equal 420 rnm. A sigile linear regression whi:h was colrmplete foil tile
entire year was signili,:ant at p=.O5. lillings arrd Mlurro (11)74) 
 repoied K=0.32for inshore poptilations ill Jamaica ard K=0.37 t'r offshore pilupulaitiqs. ]ithlmortality was greater ill the larger mesh apparently because flis species wa,
captured selectively by the two rileshes. le 

1ot
 
Z estimate ofU.) 2 in 4.2-c n meshseemed more acceptable arnd was used ill subsequent yield lalys'-,. 

seudtupeneus inlc -/ims
There Was a prorronLiIcel etfect of iresh size oir tile lengths tl fish captiuledowing to tre elongated shape of this species. (.iowth e;1irr1aIes were based oinIlie progressions of live size groups, two in tire smalll- riesir and tire,. In thelarger. A single three-point regression was stalisnicaily significan at i =.05. Usiiigan assumed 1.0 equal to 270 min, K was estimated to equal 0.2S. The markeddifference in total mortality rates for life two different mesh sizes was expectedfor a species which shtowed srLch a pronounced size selectivity. 
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Munro (974a) reported that riale and female P. macwlatus in Jamaica a!
rained ditferent maximun lengths (270 mm for males and 25) 1im for lemal!es) 
and significantly different growth rates (0.70 and 0.35 respectively), but no stch 
variation i in the growth otI pie so neCI 1mle and fe male Sile groups was 
deLCorrstratable in the Puerto Rican data. No attempt was made to estimate K or 
Z by sex. 

Ioloce-risascensio is 
Despite evidence of size selectio, by me.sh, individual sample siZes were lov 

and growth was estimated from combined mesh length data and size progressions 
for four groups. One regression was complete t'r the entire ea aMd was signifi
cant at ;. . A\vcaeI.05 annual instantaneous growth was equal to 02t6 when 
L, was set equal to 300 nun. The lowor total mortality rate estimate for 3.--cm 
miesh (Z= 1.33) "eemed more likely since size selectivitv was a factor and since 
total mrortalt,. stiiale for a coinmined 3.4-cm and 4..2-cut mesh average ;':,uual 
data set was .. lermediate hetween 1.33 ,)[d 2.02. 

11olocewris -ni'as 

This species siv.ed ni, apparent size selectiity by mesh and was restricted to 
shallow vater. (,rowilt was estillated from two progression,s ill Com1billed mesh 
data. one of which was complete for all three saiplirng periods and was si tIiti. 
cant at ;.tt I The m1:ximunm limiting length vas assumed to equal 230 mii and 
K was equal to 0.. Tothl imotality was estimated fIom combined muesh length 
data averaged over all samlnpliuln seasons. 

Sparionaa11 i/'efatum
Ths species was ,lo lesilicted waterto shallow and showed significant size 

selection by mesh. (GVwth estiniates from the 3.4-cm mesh-length data were 
rejected since the infeired gmovth rtmes increased consistently for older site 
groups. Four size progresion,, were revealed in the 4.2-om mesh dat,, two of 
which produced th."ee-poirit regressions. One of*these regressions w,'as not signifi
cant, the other was, significaint at , =.05. The avera.e growth rate was equal to 
0.20 when L was Cqual I) 200 rmi. Tolal mortality estimates wevre essentially 
tire same regardless oitlneshl site. 

.Smitrisomuchri-'sopterum aid Cuwlaunus ui';mla 

Growth rates wkerc not estiimated oi these two species owing to uncertain size 
increments between ,aiplm periods. No growth inlkirnatioi was available from 
Jamaica. In the absence of K estimates, total mortality rates could not be 
esti orated. 

Natural and Fishing Mortality Rates (O arid F) 
Annual instantatleoius ruortalily estimates fur six species ranged front 0.60 to 

1.30 (Tahle 4) when IM/K was either based otn length frequency data from 
unexpioited populations on Pedro 13,urk (withi adjusted I' values) or on a 75% 
estimate f Z/K values obtained fromt length data for lightly ishad populations 

107 



on Pedro Bank. The natural mortality estimate for C. fulva (1.31) was consider
ably higher than for any other species. Natural mortality :ates weie estimat, ! 
for three probable M/K values for ti. plumieri and S. aurofrenaitwn and indicated 
a range of Mestimates from 0.20 to 0.52. No NI/K estimates were available for 
citfler S. chyrsoptenrn or C pennatula. 

Fishing mortality estimates for i .dividual species with variable I values 

(Table 5) captured in either 3.4-cm or 4.2-cm mesh sizes ranged from 0.30 to 
1.10. The exploitation rate E (equal to F/Z) ranged from 0.25 to 0.58, but the 
majority of cases were between 0.40 and 0.50. 

Exploitation Relative to Eumetric Yield 

From the yield tables published by Beverton and Holt (1964), values of the 

exploitation rate E and the parameter c (equal to the mean selection length I 

divided by L ._ ) at eumetric yield were compared with observed values of the 
same two parameters for each mesh size and the optimum value ofc (C,,als c' ) 
at eumetric yield was predicted while E was held constant. The following r'-ults 
were indicated (Tables 5 and 6). 

Two species (F guttafus anl I. phnitiri)were slightly overexploited in both 
mesh sizes. The evidence, howev4 ., was less convincing for I. plutmicri since the 

natural mortality rate was unknown and yiel assessments were performed for a 
range of probable values of M. Overexploitation was indicated for exploitation 

rates exceeding 0.35 in the smaller mesh and exceeding 0.43 in the larger mesh. 

Table 5. Relative yield assessments for five species with kIown natural mortality 
rates captured in two mesh sizes of' wire-fish-potI oI the southwest coast of 
Puerto Rico during 173-74. Observed values of the parameter c (when c is equal 
to I~ /L ) were compared with optimum values (C)at eutuetic yield per recruit 
for k'nown estimates of the exploitation rate E (= F/Z) and MI/K. Overexploita
tion was indicated when c' exceeded c and Lnde rexploitation when c exceeded 
c'. Higher values are und.-rlined. 

Stccies Mesh I I c 1 Z t c 
(cm) 

E.guttatus 3.4 190 185 .36 0.54 1.13 .48 .42
 
220 188 .36 0.83 1.42 .58 .46
 

4.2 230 206 .39 0.58 1.17 .50 .42 

C J1d1hza 3.4 190 180 [3 1.08 2.39 .45 .44 
1.2 200 189 56 0.89 2.20 .40 .42 

P. IkzCIuatoS 3.4 165 150 .56 0.69 1.31 .53 .45 

4.2 180 174 .55 0.31 0.93 .33 .37 

IAascensionis 3.4 185 173 .58 0.33 1.33 .25 .26
 
20(0 181 .60 1.02 2.02 .50 .34
 

4.2 215 202 .68 1.02 2.02 .50 .34
 

IL rufus 3.4 & 4.2 180 168 .73 0.55 1.38 .40 .36
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Table 6. Relative yield assessments for two species with unknown natural mor
tality rates captured in two mesh sizes of wire-fish-pots on the southwest coast 
of Puerto Ri,. during 1973-74. Natural mortality was estimated as a range o,' 
probable values. AdditionvI parameters are the same as in Table 5. 

Species Mesh I Ts C NI F Z E c
 
(cm)
 

fi. plumieri 3.4 180 169 .40 0.26 0.54 0.80 .68 .66 
.40 0.39 0.41 0.80 .51 .52 
.40 0.52 0.28 0.80 .35 .40 

4.2 	 190 181 .43 0.26 0.66 0.92 .72 .66 
.43 0.39 0.53 0.92 .58 .56 
.43 0.52 0.40 0.92 .43 .43 

S. aurofrenatun 3.4 155 149 .54 0.20 0.34 0.54 .63 .64
 
.54 0.30 0.24 0.5 ' .44 .50
 
.54 0.40 0.14 0.54 .26 .36
 

3.4 170 155 	 .64 0.20 0.44 0.64 .69 .58 
.64 0.30 0.34 0.64 .53 .54 
.64 0.40 0.24 0.64 .38 .42 

4.2 185 160 	 .62 0.20 (.42 0.62 .68 .52 
0.30 0.32 0.62 .52 .52 

.62 0.40 0.22 0.62 .35 .42 

Observed yield per recruit for E guttalus in 4.2-cm mesh pots was very close tu 
eumetric yield a reduction in E to 0.45 and an increase in T, to 210 11m wo,tld 
maxinize yield. 

The remaining five species for which yield assessments were performed were 
all significantly underexploited. The greatest degree of underexploitation was 
observed for the two Holocentrus species and for P. maculatus captured in 
4.2-cm mesh pots. P. inaculatus harvested in 3.4-cm mesh pots were also under
exploited, but not as notably. Results for S. aurofrenatum were also less clear 
since natural -ortality rates were estimated for a range of M/K values, but 
underexploitation was consistently indicated for intermediate and low fishing 
mortality rates. The coney (C fuha) was underexploited, but not to the same 
degree as the others. An increase in the exploitation rate to 0.55 and a reduction 
in the parameter c to slightly less than 0.50 would be required in order to 
achieve eumetric yield per recruit. The exploitation rates required to achieve 
maximum sustainable yield per recruit for the other four species were believed 
to be 0.60 or even higher. 

DISCUSSION 

The two overexploited species captured in fish pots on the southwest coast of 
Puerto Rico during 1973-74 could be distinguished from the five underexploited 
species on the basis of their size. h. guttatus reached a maximum observed length 
(420 nm) that was 100 mm larger than any other species for which yield was 
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evaluated while !!. phmieri has a considerably deep body. The underexploited
species reached a maximum observed length of 300 mm and were therefore 
vulnerable to retention in size-selective wire fish pots over amore reduced length 
range than larger species or species with deep bodies. 

Exploitation rates estimated for individual iwn:ic harvested in Puerto Rico
during 1973-74 were generally lower than thot reported for tile same species
harvested on the intensively fished south cO,,t (i unaica and higher than those
reported from commercially exploited oceanic banks south of Jamaica (Munro,
1974b). The annual harvest per unit area on the south coast of Jamaica in 1968 was 1.2 nit per km2 (Munro, 1974b) while in Puerto Rico, harvest of reef fish 
on the southwest coast reached 0.8 nit per km 2 in 1974. suggesting that the
Jamaican shelf was more productive and supported more abundant fishery 
resources. 

With the exception of C JidIra, annual in.tantaneous growth rates ranged
from 0.20 to 0.30 while annual instantaneous natural mortality rates varied from0.60 to 100. Ratios of natural mortality to growth were therefore generally
high. An important consequence of high M/K ratios for any exploited fish popu
lation is that the critical size (and age) which prevails at maximum .;ostainable
yield is low and clconflicts with tie minimum size at maturity. A comparison ofobserved mean selection lengths for 3.4-cm and 4.2-cm meshes with length-at
maturity estimates reported by Munro et al. (1973) indicated that significant
proportions of tile catch for five species, at least, were sexually immature (Table
7). Even larger proportions would be vulnerable to capture before tie fish actu
ally spawned for the first time. 

Table 7. Lengths at maturity (I m) defined as the lower boundary of the first size
class which contained 25% or more npe 
or spent fish and compared with meanselection lengths in two mesh sizes for six species captured in the wire-fish-pot
fishery of southwest Puerto Rico during 1073-74. Data were collected Jamaica.

Data for two species were by sex.
 

Species Length at Maturity* Mean SelectionLengths (rn) 
(amm) 3.4 cm meash 4.2 cn mesh 

E. guttatus <250 185-188 206
 
C fulva < 160 
 180 189 
C. ruber 240 170-+ (both nieshes)
IL pluineri 220 169 181 
P. maculatus 6 180 150 174 

Y <160 
S. aurofrenaturn 9 160 149-155 160 

*Data were from Munro, 19741), except fr S.autrofrenaturn which were provided by Peter 
Reeson, personal communication. 
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The probable age compositions of the catch records Ior individual species 

were determined by converting relative lengths-at-age (I ) to absolute lengths

at-age. This was accoiphi.,h,:d by arbitrarily ass:, aing absolute ages to observed 

lengthrs-at-ae until an age assignment wiich produced a satistacto y lit of' the 

voi-lfertalantTy growth ctLirve for the estimated vaues of' K and L. to the 

inferred lengtlis al absoli'e age was ohtaine'.. This pr, ess wzs f:rcilitated by the 

selection of, :,single birthol,..e (tiny. of ''"a) for tile cohorts ineach species 

pOp1la t ion Oil tile basis oi' publisheld ,..ports of' tl,spawning behavior of' reef 

fish in Jaaica (Miunro et :il. 1073). 'NLe agreement between observed and infer

red 1, data folhving age assigtinenis was, inmost cases, reniarkably good. 

The interred length-at-age inftoniation indicated that the maximunl age at

tained by most species was 12-15 years and the exploited age range was from 1 .5 

to 7 years. The mean age at first maturity for the ;x species listed in Table 7 was 

nean value of I,,, /L. or rmore 

of the growth of these species was achieved beftore sexual maturity. Apparently, 

C frit'a attains a maximun age of 7 years, mature'- during the first year of 

growth and rcmains in the exploitable site range fr, ,aage I year to 2.5 years. 

The in ferred absolute age conmpositions of c.,Icies ior P. maculattns were based 

on tile assumption that adjacent size gr.ps represenied nale and fenale fish 

v iicli grew at different rate:l even thcogh a single growth rate was estimated for 

this species. C.lui'a was assume". to spawn twice a veir as suggested by Munro 
et al. (19731. 

3. years and the was 0.53, indicating that 50',', 

Optimum mesh size predictions and calculations of expected chaages in yield 

following hypothetical mesh increases wete performed following Methods out

lined by Gulland (l.J90 1964) for h. guttatus and I.plmieri. These me thcds 

permitted the calculation of expected yield relative to ar actual baseline yield 

for different uesh sizes duri.ig two phases. These two phases were: (1)an initial 

ph;se immediate!y hypotheticalf, v.,ing mesh icreases when yi, ll would be 

reduced to below original levels by the loss of ish between the new minimum 
size at capture and the original minimun size at capture; and (2) a later phase 

when the biomass of the population would be increased by the additional 

growth of fish which are retained at a larger rninintum size by the new nesh. The 

ultimate long-term catch would therefore be a sustainable, equilibrium catch. 
The time period necessary for the transition from immediate decreases in catch 

to long-term equilibrium yields was also estimated. 

Results indicated that maximum yield f'or gutiatus would be achieved in 

4.6-cnm mesh. Long-term sustainable yield was predicted to increase by only 

0.4% over actual y;alds in 4.2-ncm mesh and by 3.4% in relation to yield in 

3.4-cm mesh. Imrnediate predicted reductions in catch ranged from 6 to 17% of 

actual yield. A period of 4 years would be necessary to attain equilibrium 
catches. 

Expected yield determinations for IL plunideri were less clear, but also indi

cated modest long-term increases following ,more significant immediate reduc

tions. For the interrnediate natural mortality estimate (M=0.39 and E=0.58),an 
optimum niesh size of either 4.9 or 5.3 cm was predicted to improve yield by 

only 1% after 2 years, while expected immediate losses would be 4.6% for 
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4.9-cm mesh. Under more extreme exploitation conditions (M=0.26 and 
E=0.72), a 4 to 5% increase in long-term catch was predicted for 5.3-cm to 
6.4-cm mesh sizes after immediate losses of 8-30%. Apparently, the choice of 
optimum mesh size was less critical for this species than for E.guttatils. 

No objective basis for determining optimum mesh size and the effect of 
reduced mesh sizes on yield for the underexploited species was available. Given 
the considerable degree of underexploitation for many of the smaller species 
investigated, however, it would seem that mesh sizes of 2.5 cm would signifi
candy increase biomass yield for these species. It would be a mistake, however, 
to use maximum sustainable biomass yield as the only management objective 
since it could only be achieved at the expense of the increased capture of 
immature fish and would pose the problem of marketing very small fish. Indeed, 
given these problems and the fact that smaller mesh si.es would deplete the 
populations of L. guttatus and I.pltieri,mesh size reductions seemed the 
least attractive management alternative. 

A more attractive Adtern,'.ive wouid be to increase mnish size, perhaps to 4.6 
cm. Although catches of the uiderexploited species, especially P. maculats, 
would be further reduced, some increase in equilibrium yield for E.guttatus and 
If.plumiericould be expected, albeit a modest one. These two species accounted 
fo. 50% of the value of landings recorded for 81 pot hauls which were moni
tored during 1973-74 (Table I). Perhaps a more important factor is that fewer 
immature fish would be retained by larger meshes, thus permitting an increase in 
recruitment. Although it was impossible to quantify this factor, Munro (1974b) 
considered that a gain of more than 50% in the relative value of pot catches due 
to increased recruitment would be possible on the exploited south coast of 
Jamaica following a mesh increase which would produce only a 5%,gain in yield 
per recru;t. 

A tu.ird alternative would be to maintain existing mesh sizes and make no 
changi s. An important feature of this course of action is that a variation in mesh 
sizes in use at any time permits the fishermen, to the extent that it is possible. to 
deploy pots of different mesh sizes in different areas where certdin species 
predominate. Aside from possible improvements in yie.d which might result 
from increased recruitment, the expected yield and optimum mesh size evalua
tions for the two overexploited species did not reveal enough overfiching to 
justify converting all the pots in the fishery to a slightly larger mesh 4:z!. 

The most striking characteristic of a tropical fish pot fishery is the great 
variety of species and sizes of fish which are harvested. The species and size 
composition of the catch is sensitive to small chrages in mesh size. Introduction 
of mesh sizes smaller than 3.4-cm into the Puerto Rican pot fishery would res:t 
in severe overfishing of some species while a mesh larger than 4.2-cm would 
significantly reduce the relative composition of the smaller species in the catch. 
Another management alternative for tropical fish pot fisheries is to regulate the 
amount of fishing effort applied. This could be accomplished by limiting the 
density of pots in use in a given area while maintaining an optimum range of 
mesh sizes which permits maximum catch diversity. 
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Administraci6n de ina Pesqueria Tropical de Nasas de 

Alambre para tm Rendimiento M:iximo Sostenible 

RESUM EN 

Eii el r vt'odo 1073- 74. datos sobre frecuencias de Iortiltud Ipara diez especies de pecs 
capturar'os ,n uia zona eo i 'ra con ilaq.as de ala lbre fueto recogidos a bordo d lanciras 
pesqu,ra en la costa ouro. ite ',! Puerto Rico. Con base en estos dat!,,, so estirnaron los 
pari'.etros nccosarios (tasas do creciminto y mortalidad) para el modeo de roIdifniento de 
Bev. rton y Htolt. El objetivo fie doterminar el rendiriento ma \itt sosenible pot rciluta 
pa a cada especie, relativo al rentdioionto actual obsertado.y ocomend ar tin plan de 
e.plotaci6n rocional dcl recurso. 

1,.- las operaciones do mn.tostreo realizadas durantot trC I) r o O.i de aproxinmadaiente tiln 
m,.s cada ono. sooh iavierot estimados de a- tasas instar tin' is iiualcs de crecirtiento (K), 
sq:6n los increte:ios e n el tamafio trottedio do grupos individuales en cada frecoencia de 
longitud. Para estimar los taafios promedios, cada frecuencia de longitud fire analizada a 
travs de rti mtodo matcnttico progratoado on una computadora. Thara sets especes, el 
intervalo K fie ti 0.20 hasta 0.30. .ara uri stptima especi, K fue igual a 0.44, Valoes 
pa. la lontgitd nixinta ze6rica 11.-) soaproximaron or- !, longitud htxinia otiervada 0 eil 
esti-nados de 1-, publicadas on Jamaica. 

Tasas instattinoas anuales 6er imrlidad total (Z) so estimaron ti la distribci n 
,romedio de frcuencias anuales do longitudes para cada especie. Estimados do motrtalidad 
natural (M) e hicieron st bro datos de longitt d de poblaciones poco explottlas err un banc 
oceanico tl ur do Jamaica, obteni6ndose variaciones entre 0.60 y 1.30. Restando NIde Z, so 
obtulvieron estimado, do la tasa iis tant nca de niortalidad por pesca (F). 

Bas'indose on los liar:hiretrus Conocidos, rie posible determinar la tasa de cxplo ucirn 
(E= F/ZJ haproporci6n NI/K, %,el pahnetro "c" (= longitud mediana (10,eleccion por nalla 
dividido eritro I.),. I'tilizando ostos ties paritmetros, so estin:' cl rendiriento miximo 
:ostonible ptor recluta con tablas do rndimiento, cuyot valores de c' sobre rendimiento 
maxioc' fueron comparados con los valores obrvadts (:) para in valor ctnstan:e do la tu a 
de expJotaci6n. Dichas coniparacionrs se hiciero' para site especies e indicaroi que hahifa 
do; do ella: an ;)!re ,,xplotadas v cinICo sub-cxplotadas. Las evaluacione de 
rendtictito fueron hechas para dos tartafios do ntolla corrionte en las nasa,,: 3.4 y 4.2 cr1. 
do apertt.r;:1 rXim,. 

Un an ihsis del tamafio 6ptinto tie malla para las dos especies sobre-xplotadas y ei nivel 
esporado de rendimiont- despu6s de dicho aunitnto on la malla indic6 que, en t6 rtinos do 
rendimiento solarenre, habra poett motivsr para ao.utentar el tamaftio de la trialla. Pot otto 
lado, una dstirici6n on I nalla podrfa mejorar la captura de las especies sub-explotadas 
de utia inanera jignificativa. resultaria ai ':n caplura do peces nis pcquehnos epero una 
inmaduros. El efectt) tie cambios en la malla sobre rchtltainientt a las ptilacitnes fue tri 
factor dificil to evaluar. 

Dada Ih alta diversiciad de pccs capturadts alrededor do arrocites do coral, variedad on 
sus tainafios y vulnerabil[dad a la pesca en aries selectivirs, crtte'o la nasa de alambre, parece 
que es recomendable seguir peicandri con riallas do diferenes tatnafios, y' guia :.. d?!~a_:ed 
do nasas para evitar la sobre-explotaci )n (el recurso. 
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