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ABSTRACT

The red hind Epinephelus guttatus) is one of Puerto Rico’s most important
commercial and recreational fishes. Following ktdecline, an annual spawning season
fishing closure was enacted in 1996 for three agggren sites off the west coast.
Although presently continuing, its effectiveneswaod population recovery has not been
fully assessed. SEAMAP-C fishery-independent ried data, and fishery-dependent
reported landings and port-sampled biostatistiagh,dfrom the western platform of
Puerto Rico were analyzed to infer recovery. Atidhpost-enactment increase of
fishery-independent Catch-per-Unit-Effort (CPUE/tkiQ) was observed throughout the
platform, and within spawning aggregations. Inseeifishing effort within previously
under-targeted platform regions led to increase®minal CPUE within later years, but
resulted in subsequent decreases in fishery-indigme CPUE. Increased average length
of red hind was observed in both data types, bstfaand to result from limited
recruitment and proportional contributions of fesmaining larger females. Although
the closure was initially effective in stemmingther stock decline, shifts in fishing
strategy overrode potential recovery of red hikthwever, recently enacted additional

restrictions upon red hind fishing pressure maepimlly aid in stock rebuilding.



RESUMEN

El mero cabrilla Epinephelus guttatus) es uno de los peces comerciales y
recreativos mas importantes de Puerto Rico. EB $83lecret6 un cierre anual de su
pesca dentro de tres areas de agregacion durgrmgeado reproductivo como resultado
de la reduccién en las poblaciones de cabrillagidtaforma insular al oeste de Puerto
Rico. Aun cuando la pesca continlia vedada duestéeperiodo, la efectividad en la
recuperacion de la poblacion no ha sido medidéntetate. Se analizaron datos de
cabrilla independientes de la pesca comercial petes del programa SEAMAP-C;
capturas reportadas, dependientes de la pesqoen&aal, y datos bio-estadisticos
colectados en los puertos de la plataforma oesRudeo Rico. Después de establecerse
el cierre, se observo un aumento inicial en lawrapbor unidad de esfuerzo (CPUE,
kg/viaje de pesca) en los datos de SEAMAP-C a srdedla plataforma y dentro de las
agregaciones reproductivas. Un aumento en el esfpesquero en areas de pesca
dentro de regiones previamente poco explotadaigesuel incremento de la CPUE
comercial de afos posteriores. Este incrementesdeérzo comercial se refleja en las
capturas independientes, donde se observaron sigmses reducciones en la CPUE. En
ambos grupos de datos, se observaron aumentos lemdgtudes promedios de las
cabrillas, como resultado de las limitaciones ere@utamiento y por las contribuciones
proporcionales de las pocas hembras de gran tarasfamtes. Aunque el cierre fue
inicialmente efectivo en contener futuras reducesdde la poblacién, cambios en la
estrategia de pesca anularon la recuperacion pakeiecla cabrilla. Pero, restricciones
adicionales recientes a la presion pesquera debldla podrian permitir que los abastos

Se recuperen.
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INTRODUCTION

The groupers (Serranidae) of the western Atlardiceristorically been a large
component of Caribbean shallow reef fisheries. &lmv, due to the decline and
eventual commercial extinction of larger serransigh as Nassatfinephelus striatus)
and Goliath grouperEpinephelusitajara) from overfishing within the Caribbean (Olsen
and LaPlace, 1979; Beets and Friedlander, 1998)iny pressure upon smaller groupers
in Puerto Rico such as the red hiigbiephelus guttatus) has intensified (Matos-
Caraballo, 1997). The red hind is one of PuertmRimost important commercial and
recreational fishes (Matos-Caraballo, 1997; MatasaBalloet al., 2006). Individuals
are primarily fished using hook-and-line, fish trapd speargun throughout the insular
platform to a depth of approximately 80 m (Sadewal., 1992). Like most groupers, red
hind are characterized by a long lifespan (Mano@8B;7), slow growth (Sadowt al.,
1992), a protogynous sexual strategy, and shart-temual spawning aggregations
(Colinet al., 1987; Shapiro, 1987), which make them highly eudtble to
overexploitation (Bohnsack, 1989; Huntsman and &clH#®94; Sadovy, 2001).

Although red hind is the most frequently captugeauper species in Puerto Rico
(Matos-Caraballet al., 2006), recent landings have been substantiagidhan those
of earlier peak years. Intensive fishing during #970s led to continually decreasing
annual catches during the 1980s, resulting in Envdings in the 1990s (Matos-Caraballo,
1997). Historically, a major component of thegaliags has come from fishing red hind
at their known annual spawning aggregations albaguest coast of Puerto Rico (Colin

et al., 1987; Shapiret al., 1993b).



Throughout the Caribbean, red hind, like many ofiséies, have been
documented to form short-term annual spawning aggiens at specific times and
locations (Burnett-Herkes, 1975; Cobhal., 1987; Sadovy, 1990; Sadovy, 1992; Sadovy
etal., 1992; Shapiret al., 1993a; Sadovsgt al., 1994). Domeier and Colin (1997)
define a spawning aggregation as “a group of canipéish gathered for the purpose of
spawning with fish densities or numbers signifiahtgher than those found in the area
of aggregation during the non-reproductive perioddis reproductive strategy is
common in a wide variety of fishes, and has beggested to enable the efficient
transport of pelagic eggs and larvae into the watkrmn offshore, as a result of the
upward rush behavior observed during spawning @rtee 1984), while minimizing
predation risk (Sanchet al., 2000). The general location of serranid aggiegatalong
the edge of an insular platform enables deeperwadées to set up territories, and gives
refuge to females, which generally advance fromsfarther inshore (Coliet al., 1987;
Shapiroet al., 1993a; Shapiret al., 1994; Russell, 2001). The presence of manydishe
spawning within a given area leads to large numbkeggs being released
simultaneously, which may swamp the feeding abditplanktivores (Johannes, 1978).
Aggregations may also enable individuals to findesavith ease, as indicated by the
presence of clusters of single males with severabfes in red hind aggregations
(Shapiroet al., 1993b). While these suggested benefits mayhaidpecies, they are
overshadowed by the fact that fishermen have hcstiby targeted these aggregations due
to their predictability in space and time.

Extensive fishing of spawning aggregations haddetie collapse of several

commercially important grouper stocks (Olsen anBlaae, 1979; Sadovy, 1990;



Sadovy, 1992). Protection of spawning aggregati®essential, as egg production and
fertilization are severely diminished by reducedragation numbers (Russell, 2001),
which may lead to decreased recruitment of rephemgslarvae (Sadovy, 1996).
Reductions in mean female size and extremely skeerdatios have been noted in
annually fished spawning aggregations (Beets aretilander, 1989; Colemaa al.,
1996). Protogynous species have been suggesbadnmre susceptible to
overexploitation than gonochoristic species (Humisrand Schaaf, 1984; Bannegbdl .,
1987). Due to the protogynous nature of most geogpecies, such as the red hind
(Shapiro, 1987; Sadowt al., 1992), and fishing selection for larger indivithja
particularly while spearfishing, high fishing prass upon larger males within
aggregations has been suggested to result in dpettation (Koeniget al., 1996).

Within the Caribbean, the red hind reproduces aliypnérom December to
February, with peak spawning usually around thienfdon in January (Coligt al.,
1987; Shapiret al., 1993b). By contrast, in Bermuda spawning tgitase during the
summer (Burnett-Herkes, 1975). Consistent aggi@ugatvithin the western Puerto Rico
insular platform edge have been identified at depfrapproximately 18-90 meters
(Sadovy, 1993a), and individuals may travel sigaifit distances to reach aggregation
sites (Sadovyt al., 1992). Homing behavior, site fidelity, and m@tmigrations to
aggregations have been noted in Bermuda and PR&xoLuckhurst, 1998; Rosario and
Figuerola, 2001; Sabat, 2001).

Although limited local recruitment has been sugeests a deleterious impact of
fishing spawning aggregations, Coéinal. (1987) suggested that fishing upon one red

hind aggregation in western Puerto Rico was unlikelimpact local recruitment



success. However, within Puerto Rico fishing galyhas not occurred solely within
solely one aggregation (CFMC, 1996), and littleeasment has been made of the
impacts of fishing multiple aggregation sites upmeal recruitment. In some cases, the
spawn of aggregating species has been suggedbedutdikely to return to the spawning
site because of ocean current patterns (Bohns89)1 Ojeda (2002) agreed that due to
the westward current dispersal of red hind lanadlewing the winter spawning
aggregation in La Parguera, PR, it was possiblettiese assessments were valid.
However, he also suggested that observed calmentsrduring spring months may aid
in the variable retention of some larvae and edmsgaPuerto Rico.

Sabatet al. (2000) modeled the Puerto Rico red hind poputatioder
assumptions of either a closed or open populatidmder the former assumption, and
simulated values of fishing pressure, a signifigaduction in the number of larger
females could be observed. Following the lattsuagption, it was found that recruits
from another population, equivalent to 20% of tbatabution of that made by local
females, resulted in the stabilization of the Iqoapulation at a size 90% smaller than its
pre-exploitation size. As Sabeital. considered these assessments to be consistant wit
the behavior of the Puerto Rico red hind populatibay suggested that fishing mortality
needed to be reduced significantly in order forltdoal population to attain its original
size. They classified the western population ‘&srk”, and concluded that recruitment
from other stocks was maintaining the populatiblowever, they made note of the
possibility that gyres off the west coast of Puéttoo were contributing to the retention
of locally produced red hind larvae. Preliminandings have suggested that there is no

genetic differentiation between identified spawnaggregations off the west coast of



Puerto Rico (Ward, 1997), or between the westemrtBlRico aggregations and
individuals from the USVI (Sabat, 2001), which abble indicative of an open
population. Nevertheless, previous findings hawkcated that the Puerto Rico stock is
both growth- and recruitment-overfished (Sadovy Rigtierola, 1992; Sadovy, 1993b),
and that red hind recruitment has been poor dumore recent periods (Appeldocen

al., 1992).

Under these circumstances, one management apdiaahay lead to the
recovery of overfished, aggregating grouper spasidse enactment of seasonal area
closures during spawning seasons. Seasonal ctoBave been historically enacted in
the US Virgin Islands (USVI), while marine reservese been used in Belize (Heyman
et al., 2000; Pomeroy and Goetze, 2003) and the BahaBhalsafet al., 1997) to protect
aggregating spawners. Beets and Friedlander (©&8)ated the effectiveness of
seasonal closures of red hind spawning aggregsities in the USVI, and detected an
increase in average size following enactment ottbsures; suggesting that the stock
was recovering. Sluka al. (1997) illustrated that Nassau grouper biomas®ased
within the Bahamas reserve, finding that the araa @xporting groupers outside the
boundaries. Chiappomtal. (2000) demonstrated that managed areas subjected t
lighter fishing in the Caribbean, resulted in largeupers and increased diversity of
grouper species. Recently, Nemeth (2005) foundfthlawing the 1999 conversion of
the seasonally closed USVI Red Hind Bank Marinegeovation District into a
permanently closed area, a 60% increase in spavdengity and biomass, in addition to
an increase in maximum size, had occurred when aogdpo the findings of Beets and

Frielander (1998).



Anticipating similar outcomes, the Caribbean FigdeeManagement Council
(CFMC), in conjunction with the government of PoeRico, initially closed one known
western red hind spawning aggregation afear(maline) to fishing during the spawning
events in 1993. Redefinition of the area of thisare occurred in 1996, along with the
closing of two additional aggregations identifiedhin theBajo de Cico andAbrir la
Serraregions of the west coast (CFMC, 1996). Fishiag tontinued at the identified
La Parguera and Mona aggregations, among othdrestge regions speculated to be
spawning locations. However, within 2004 a spagrgeason fishing ban (PR DRNA
2004) was enacted for all red hind within all PadRican state waters (<9 nm offshore).
Subsequently, a further regulation has been enastedl 2006, which prohibits the
fishing of red hind within all state and federalters of Puerto Rico, west of @0'W,
during the spawning period (PR DRNA 2007; NOAA-NMRB07). A preliminary
study using tag and recapture data sampled fror-2001, in conjunction with fishery-
dependent data from 1990-2000, had suggestedeithdtimd was recovering in Puerto
Rico (Sabat, 2001). However, this study was lichivg low recaptures, and only used
length-frequency information at a broad resolut@make these conclusions. Therefore,
a more detailed assessment of stock recovery iantad.

Fishery-dependent and independent data have bstmitally collected about
red hind within Puerto Rico. However, these ddtakave only been partially analyzed,
and have not been comprehensively applied towaasunang the effectiveness of the
seasonal closures upon the recovery of the weBtgeno Rico red hind population.
Therefore, the impact of these seasonal closuregédiao be satisfactorily determined.

Through analysis of both fishery-independent datal, Puerto Rico reported landings



and biostatistical data of red hind collected frb®88 to present, an assessment of the
degree of recovery of the stock following the ensastt of the annual spawning

aggregation closures was performed.



MATERIALS AND METHODS

Databases

The primary data used in this study were fishedependent red hind data,
obtained from the Caribbean Southeast Area Momigoaind Assessment Program
(SEAMAP-C) database. The SEAMAP-C conducts fishedgpendent surveys of
shallow water reef fishes, queen conBln@gmbus gigas), and Caribbean spiny lobster
(Panulirus argus) in order to build a long term database in whetmporal changes can
be detected (Rosario, 1998).

Since its onset, SEAMAP-C has collected Puerto Recbohind data by sampling
individuals within their annual spawning aggregasioand at areas within and away from
identified aggregation sites (Figure 1) during rspawning periods. Surveys are
undertaken in three year sampling blocks, beginmnpril of the first year, and
culminating in March of the final year. Samplirgscur within 2x2 nautical mile
(3.70x3.70 km) quadrat stations of the insularfptats of western Puerto Rico, Mona,
Monito, and Desecheo islands (Figure 2). Reekslre sampled at 1-2 randomly
selected stations per sampling day. However, duhe red hind spawning period,
stations encompassing known aggregation sites are frequently targeted. Samplings
are carried out using two concurrent methods: dsaited hooked lines (mean number
of lines deployed per sampling = 3.08 +/- 0.03 ®Ean number of hooks per line = 9.18
+/- 0.09 SE; mean number of hours soaked = 4.88.62 SE), and sardine-baited
standard Antillean fish traps with 3.81 cm squangyhcoated mesh (mean number of
traps deployed per sampling = 11.9 +/- 0.13 SE;meanber of hours soaked = 5.29 +/-

0.13 SE).



‘Tourmaline

Figure 1. Map of the Puerto Rico Archipelago amglilar platform up to 100 m, with
western shelf and seasonally closed areas hightight
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Pretected Spawning Sites | Bathymetry

- Abrir La Sierra - >-200m
I Bajo de Cico 10010-200m
- Tourmaline D 0to-100m

Figure 2. SEAMAP-C 2x2 nautical mile sample stagi@long the insular platforms of
western Puerto Rico, Mona, Monito, and Desecheowstup to 200 m). Station regions
that intersect with seasonally protected spawnggyegation sites are highlighted.
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Traps are generally set at least 45 meters apemnt &ach other in order to avoid inter-trap
interference. Since the 1991/92 project year, $agocations have been recorded
using Global Positioning System (GPS), with dataorded for sampling date, quadrat
number, depth, gear type, gear quantity; soak tmamber, length (FL), weight (g), sex,
and species of each fish caught per individual &g hook. Data are entered into the
database using DBASEIII+, and stored within the S84 program software. Data
were viewed in Microsoft Excel.

Fishery-dependent landings data and port-samptestdtistical data of red hind
from 1988 to 2005 were obtained from the PuertmRepartment of Natural and
Environmental Resources Fisheries Research Lalmgrid@ER-FRL). Commercial
landings information are voluntarily submitted wripagents from fishers on landing trip
tickets, upon which data pertaining to fishing dataunicipality fishing area, hours
fished, number of fishing trips, total weight (llegptured per species, gear type, and gear
guantity are recorded. Biostatistical data araioled by port agents who randomly visit
the 42 coastal municipalities of Puerto Rico, amahgle randomly selected commercial
landings. Under the fisher’s voluntary cooperatjport agents identify every individual
caught at the species level, and record the farggtle(FL, mm) and weight (g) of every
fish. Additional information regarding municipalitishing area, depth, gear type,
number of gear, fishing period, and total catchadse recorded. Port agents deliver data
to the DNER-FRL, following which data are enteretbia separate database using
DBASEIII+, and stored and analyzed using FoxPrdukd 23, and Microsoft Excel.

Data were viewed in Microsoft Excel.
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Data Editing and Calculations
Fishery-independent SEAMAP-C data

Fishery-independent data were inspected for eramd appropriate corrections
were made. Data pertaining to date, gear typéviohehl hooked line or trap number
code, and gear quantity were cross checked witbtladlr encoded entries, as occasional
errors of incorrectly entered date or gear numbdeavere encountered. When available
(sampling years 1991/92-2000/01), latitude anditodg data were used to plot sampling
locations within a Geographic Information Systeni§Y2o verify station locations along
the 2x2 nautical mile grid. If inconsistencies aéiscovered, then station numbers were
modified, unless other data components (e.g. det@, number code) suggested
otherwise.

All corresponding red hind length and weight daitected were plotted in order
to determine the presence of erroneous data. dier ¢o test for errors, recorded weight
data were subjected to a residual test in which there compared with predicted
weights calculated from the fork length (FL) to gieti (W) relationship proposed for the

Puerto Rico red hind population by Sad@tal. (1992):

LogW = -5.21 + 3.1422 Log FL (1)

Weight data that were found to be greater tharetetandard deviations from the
predicted weight values of equation 1 were idesdifas outliers (n=196). A relation
between all remaining valid corresponding lengtti aeight data was calculated by a

regression (Figure 3), whose relationship is giweequation 2:

12



Log W = -5.1549 + 3.1216 Log FL [n=15,122:0.97] ) (2

Weight data identified as outliers were convertechbre appropriate estimates using

equation 2.
2000
¢ Qutliers 30.
¢ Unchanged Data "
1500 -
- —— Regression o a2
. (Unchanged Data) .
5 1000 A
2
5
500 - =
o
D T T T T T
0 100 200 300 400 500 600
Fork Length (mm)

Figure 3. A length to weight regression calculdtedh all SEAMAP-C red hind
(Epinephelus guttatus) data (1988-2006).

Following correction of the dataset, red hind hagkwere summed according to
total weight (kg) caught per day fished; total wetigkg) caught per all hooked lines
deployed per day fished; and total weight (kg) ¢cawyogr all traps deployed per day
fished. Due to the low capture values observedmuividual hooked line or trap and per
hour fished, and because sampling was standarbizddy fished, fishing effort was
defined as the number of days fished. Annual @ee@atch per Unit of Effort (CPUE)

values (kg), length-frequency distributions, setiosg and the average proportion of
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females captured per day were quantified per saigpptear (Apr-Mar) and per spawning
period (Dec-Mar) at the following spatial scales:
a) Coast-wide (i.e., all sampling stations encompastie western platform of
Puerto Rico combined, excluding Mona, Monito, ares&€cheo islands).

b) Within all seasonally protected areas combined, @lesampled station regions
encompassing th&brir la Serra, Bajo de Cico, andTourmaline locations of
the western platform of Puerto Rico).

c) Within all unprotected areas of the western platfaf Puerto Rico combined.

d) Independently within thébrir la Serra, Bajo de Cico, andTourmaline regions

of the western platform of Puerto Rico.

All sampling locations with latitude and longitudata were plotted in a GIS
(Figure 4) in order to classify data collectionhasing occurred within protected or
unprotected areas. Sampling locations for datiadidanot include latitude and longitude
information were estimated as having occurred@antlost frequently sampled location
within a given station. Data were classified adaay to location, and values were
calculated at the appropriate scale of comparigaure to inconsistencies in the recording
of depth data and infrequent annual sampling ditcsts, stratified analyses per depth
gradients between shallower and deeper regiortseofestern insular platform, and

within seasonally protected red hind spawning liocet, were not included in this study.
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Protected Spawning Sites

- Aprir La Sierra - >-200m
- Bajo de Cico I:l -100 to-200 m
- Tourmaline :I 0to-100m

Bathymetry

Figure 4. Mapped locations of 1988-2006 SEAMAPa@pling events along the
insular platform of the west coast of Puerto RiS&amplings which occurred within
seasonally protected red hind spawning sites atdighted.
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Fishery-dependent commercial landings and biostatistical data

Red hind fishery-dependent commercial landings dathbiostatistical length
data were inspected for errors, and none were fo@ammercial landings data and
biostatistical length data corresponding to redllwaptured and landed within the area
encompassed by the Lajas, Cabo Rojo, and Mayadtstore regions of Puerto Rico
(Municipality codes 36, 37, and 38, respectivelgrevused to quantify annual average
CPUE values (kg/fishing trip) and length-frequexdstributions per SEAMAP-C project
year (Apr-Mar), and red hind spawning period (DearM The Cabo Rojo and
Mayaguez offshore regions comprise the SEAMAP-Cpdisuy area of the western
insular platform, which has historically been aeaaof significant red hind commercial
catch in Puerto Rico (Matos-Carabadtaal., 2006). Observed trends in CPUE and
length for Cabo Rojo and Mayaguez offshore regiwese compared to those measured
within the Lajas offshore regions (predominantlg #rea of La Parguera) of the
southwestern insular platform Puerto Rico. Thd’haguera region contributes heavily
to red hind landings of the south coast of Puertm RMatos-Caraballet al., 2006), and
was determined of sufficient distance from the arfeiaterest in order to serve as a

control indicator of the effectiveness of the clesu

Statistical Analysis

Measured parameters from both fishery-indepenadeatishery-dependent
datasets were not found to conform to the assumptd parametric testing. Within
SEAMAP-C data, annual variations of CPUE, lengtid the proportion of females

captured during SEAMAP-C project years and spawpergpds were each assesed at a
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coast-wide spatial resolution with 1-way Kruskalligaests, using sequential
Bonferroni corrections (Holm, 1979) to accountaultiple testing. Relationships
between parameters of length and catch, and |lergtiproportion of females, were
assumed to be dependent in terms of alpha detetionnaA regression comparing
proportion of females and CPUE found no significatationship (=0.004; n=732;
p=0.099). Post-hoc pair-wise comparisons between years were perfomigdNemenyi
tests (=0.05). Annual variations of both CPUE and lendthin fishery-dependent
datasets, were tested with 1-way Kruskal-Wallisstefsllowed bypost-hoc pair-wise
comparisons with Nemenyi tests=0.05).

If management measures have resulted in protecfitre red hind spawning stock
and potentially the entire population, the expegepulation responses to the closures
would be detected within the western platform oéfw Rico by the following trends
subsequent to enactment of the seasonal closures:

* Increase within closed areas of CPUE from fishedependent (SEAMAP-C)
data. This will be examined for project years &ardspawning periods. Parallel
trends should be observed within the three closeasa

» Gradual or delayed increase within unprotectedsaoé&€PUE from fishery-
independent (SEAMAP-C) data, and over the entiagf@m in CPUE from
fishery-dependent data. This will be examinedpimject years and for spawning
periods.

* Increase within closed areas of average length freimery-independent
(SEAMAP-C) data. This will be examined for projgeiars and for spawning
periods. Parallel trends should be observed witherthree closed areas.

» Gradual or delayed increase within unprotectedsapéaverage length from
fishery-independent (SEAMAP-C) data, and over thi&re platform in average

length from fishery-dependent data. This will b@amined for project years and
for spawning periods.

17



» Gradual or delayed shift in length-frequency diitions due to a higher
proportion of larger individuals (while maintainingcruitment) over the entire
platform in both fishery-independent (SEAMAP-C)aland fishery-dependent
data. This will be examined for project years.

» Decrease within closed areas of the proportiorenfdles from fishery-
independent (SEAMAP-C) data. This will be examif@dproject years and for
spawning periods. Parallel trends should be olesknithin the three closed
areas.

* Gradual or delayed decrease within unprotectedsarethe proportion of females
from fishery-independent (SEAMAP-C) data. Thisluwg examined for project
years and for spawning periods.
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RESULTS

Fishery-independent SEAMAP-C data

Throughout the duration of the SEAMAP-C progranpi(A988-Mar 2006), a

total of 4,795.6 kg of red hind (n=13,889) were pked within the western insular

platform of Puerto Rico. Annual total catchesexd hind from all sampled areas within

the western insular platform per project year gral\giing period are presented in Table

1. Red hind captured by hooked line (91% of alividuals sampled) made up the bulk

of annual catches. However, due to a period dwinigh traps comprised the sole

Table 1. Annual SEAMAP-C total catches (kg) ed hind Epinephelus guttatus) and

number of sampled individuals (in parenthesis)gueject year and red hind spawning
period throughout the western insular platforniPaérto Rico, with breakdown of
annual catches by percent gear type (HL=hookey TIR=trap) and number of sampled
individuals by percent sex (F=Female; M=Male).

Project Year

Spawning Period

Year Total Catch %HL %TR %F %M Total Catch %HL BT %F % M
1988/89 367.04 (886) 83.716.3 90.5 9.5 181.87  (426) 90.0 10.0 911 9 8
1989/90 260.53  (700) 99.2 0.8 89.9 10.1224.09 (618) 100.0 0.0 89.3 10.7
1990/91  779.35 (2045) 100.0 0.0 79.8 20.2508.03 (1394) 100.0 0.0 89.4 10.6
1991/92 D45.53 (3041) 80.0 20.0 93.9 6.1 721.59 (2242) 81.718.3 92.6 7.4
1992/93 268.11 (757) 83.6 16.4 76.6 23.4 79.08 (250) 88.6 11.4 65.2 34.8
1993/94  527.12 (1685) 86.6 13.4 78.8 21.2222.85 (733) 90.0 10.0 71.0 29.0
1994/95  380.01 (1258) 86.5 135 74.9 25.1138.96 (484) 92.1 7.9 69.0 31.0
1995/96 26.81 (92) 64.0 36.0 95.7 3 4. - G I
1996/97  ---------- (------ ) e e . e e (=) - —— e e
1997/98 514.57 (1556) 94.3 5.7 84.2 15.8 321.09 (885) 90.9 9.1 73.1 26.9
1998/99 275.04 (837) 100.0 0.0 90.4 9.6 44.32 (135) 100.0 0.0 77.0 23.0
1999/00 189.46  (597) 79.7 203 88.1 119 1.95 (8) 56.7 43.3 100.0 0.0
2000/01 78.03  (230) 90.3 9.7 82.6 .417 24.46 (80) 93.4 6.6 72.5 275
2001/02 - (=) e — e e (=) - —— e -
2002/03 - (=) - e — e e () - —— e -
2003/04 - (=) - e — e e () - —— e -
2004/05 21.64 (61) 94.0 6.0 88.5 1.51 5.95 a7) 95.7 4.3 70.6 .429
2005/06 62.38 (144) 76.0 24.0 90.9 9.1 6.49 (23) 63.1 36.9 66.7 33.3

Total 4795.61 (13889) 88.8 11.2 85.1 149 8A2 (7285) 90.9 9.1 84.0 16.0
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gear used for sampling, traps contributed to adriginoportion of the total catch of the
1995/96 project year than in other years. Highepertions of annual catches came
from females (85% of all individuals sampled), vehihales contributed no more than
39% of the catch of a given year. Catches obtash@l the western platform during
spawning periods made up a significant componeahafial catches during most project
years (mean=37.6% +/- 0.07 SE). However, lowetrdmurtions to annual catches from
spawning period samplings, as well as declinestad tatches, were observed in later
years.

From the onset of the SEAMAP-C program, a tofdl,021 sampling events
have occurred, of which 34% took place during #eehind spawning period. Within
project years and spawning periods, annual sampfiiogts have varied (Table 2). Out
of all sampling events, only 31% have occurred miglears following the enactment of
the seasonally protected aggregation sites. Honvdue to highly variable annual
sampling rates post closure, there was no signifiddference in the number of annual
sampling events prior to and following the enacttredrihe protected shelf regions
(Mann-Whitney U-test value=7.000; P-value=0.028026 with Bonferroni correction);
the same was true for annual samplings that oatwdueng red hind spawning periods
(Mann-Whitney U-test value=16.500; P-value=0.332).

Cumulatively, samplings within the seasonally pcted areas of the western
platform made up 45% of all sampling events, andmised 60% of the samplings
undertaken during the red hind spawning periodw Bonual sampling frequencies were
observed in each of the three protected aggregsities. However, following their

designation as protected areas, sampling frequemgikin Abrir la Serra, and within
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Table 2. Annual number of SEAMAP-C samplingms per project year and red
hind spawning period (in parenthesis) throughloe western insular platform of
Puerto Rico, and within seasonally protected @mprotected platform regions.

Year Total Sampling Events Abrir la Serra BajodeCico Tourmaline Unprotected Areas
1988/89 91 38 - -—-- 10 (3) 6 3) 75 (32)
1989/90 68 @31y - -—-- 12 (12) 4 4 52  (15)
1990/91 99 (26) 9 - 35 (26) 18 - 37 -
1991/92 61 B9 0 - -—-- 61 (39) - e e e
1992/93 107 (20) 2 - 22 (8) 10 3) 73 (9)
1993/94 130 (29) 16 7 29 (12) 18 3) 67 (7)
1994/95 106 (33) 14 9 27 (16) 10 ) 55  (6)
1995/96 41 - 3 - 6 - 5 - 27 -
1996/97 - eeeem e e e e e e e
1997/98 87 (36) 7 2)( 9 4) 7 ) 64 (28)
1998/99 67 (33) 20 )13 9 4 7 (5) 31 (11)
1999/00 48 (6) 11 - 4 e 6 1) 27 (5)
2000/01 39 (21) 21 )5 5 2) 5 3) 8 (1)
2001/02 - e e e e e e e . e
2002/03  ---- s e e e s s e . e
2003/04 - e e e e e s e . e
2004/05 20 (24) 2 1)( 2 (1) 4 ) 12 (10)
2005/06 57 (29) 4 1)( 8 (1) 12 3) 33 (14

Total 1021 (345) 109 (48) 392 (128) 112 (31) 561 (138)

Tourmaline during spawning periods, were higher than in eayears. Samplings within
Bajo de Cico occurred much more frequently in earlier yearseesly during red hind
spawning periods. Throughout the 1991/92 projear yall sampling was restricted to
Bajo de Cico, during which the area was most frequently tadyéte61 samplings). As
sampling was limited t&ajo de Cico during this period and during the 1990/91
spawning period, these data were not included @yams at the coast-wide scale.
Within the western insular platform, annual aversggehind CPUE values
throughout sampled project years (Figure 5) weuadato significantly differ (p<0.05).
While a significant annual increase in CPUE waseole=d between the 1989/90 and

1990/91 project years, no significant differencawerage CPUE was found
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Figure 5. Annual average CPUE (kg/day) and stahdaor of red hindEpinephelus
guttatus) from SEAMAP-C samplings along the western insplatform of Puerto
Rico per project year and red hind spawning peribde dashed line represents the
time of enactment of the seasonal closures.

within subsequent years prior to the enactmentetctosures until the 1995/96 period,
during which a significant decrease relative tqpadivious project years was observed.
Annual CPUE increased significantly between the5198 sampling period (before
closure) and the 1997/98 sampling period followeémgctment of the closure. Decreases
during subsequent periods were not found to befgigntly lower than the peak in the
1997/98 project year, nor significantly lower thaaues prior to the enactment of the
closures. However, average CPUE of the 2005/0@gtrgear was found to be
significantly lower than the 1997/98-1999/2000 potjyears (and the 1990/91, 1993/94-
1994/95 project years).

Trends observed during spawning periods were sint@léhose of project years,
except that significant decreases in average CR&tFoacurred following the post-
enactment peak (p<0.05). Due to greater variglalid lower sample size, the CPUE

during the 1997/98 project year was not found teigaificantly higher than during pre-

22



CPUE (Kg/day;

i ——HL
6 ! ——1TR
N |
] /’i\{ i i
0 {X\{‘ H/KO \: T T T

) Q Y % o) X A > > N »> v X o
‘b(g% ‘bo"\g Q»Q\g 03\9 Cb(bg Q»rb\g Cbb@ Cg’\g Q»@g Cg\\q qu}q 0/00 QQ\Q 0\9 0(‘9 0”"\Q 0&0 Q(O\Q
FTFFTFFTFTSTFTEITSE DS S P
Project Year

12
10 4

——HL
——1TR

CPUE (Kg/day
O N b O
16
( 4

o AP O
5 A
& o @033

S

N

D o ©
O O Q
o
PP

Y 2 o]
) S &
% % % N %

o
©
& S
AN AN

Spawning Period

Figure 6. Annual average CPUE (kg/day) and stahdaor of red hindEpinephelus
guttatus) per gear type from SEAMAP-C samplings along tlestern insular platform
of Puerto Rico per project year and red hind spawperiod (HL=hooked line;
TR=trap). Dashed lines represent the time of enactmof the seasonal closures.

closure periods, which did not include the 1995/86od. However, values from the
2004/05 and 2005/06 spawning periods were four teignificantly lower than in years
prior to enactment of the closures. Curiouslyppto the closures, spawning period
CPUE values were higher than those calculatechfar torresponding project years, but
during later sampling years, annual spawning peraddes were found to be lower than
those of project years.

Inter-annual variability was found between annwarage CPUE values
calculated per gear type within project years gralsing periods (Figure 6).

Throughout the 1988/89 to 1995/96 project yearssmaavning periods, annual CPUE
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values of red hind sampled by hooked lines weraddo be considerably higher than
sampling values from traps. Although measuralfferdinces in CPUE were observed
between gear types during the 1997/98 project gedrspawning period, little
differentiation between CPUE per gear type was doduring subsequent project years
and spawning periods. Due to the overwhelmingrdaution of hooked lines to total
catch, CPUE from hooked lines greatly mirrored CRidiEulated independent of gear
type. However, the magnitude of decrease duriadl895/96 project year, and increase
of the 1997/98 project year previously observe@pahdent of gear type was not found
for hooked line CPUE. Despite this, consideralderdases within subsequent project
years and spawning periods were observed. Fevblealdferences were detected
between annual red hind CPUE values of traps dymiagect years and spawning
periods. Although increases in trap CPUE were iveskeduring the 1997/98 sampling
periods, extremely low values were later found migithe 2004/05-2005/06 sampling
periods.

When seasonally protected areas were grouped, GBIUES during early project
years (1988/89 to 1990/91) were found to be higinen those calculated for the entire
western platform (Figure 7), and decreases in CBUWing the years prior to the
enactment of closure were more pronounced thare ttowghe entire western platform.
As was observed for the entire western platformgagor increase in CPUE was found
during the 1997/98 project year, which was follovidsubsequent decreases that
resulted in low CPUE values in recent years thatwemparable to the minimal CPUE
observed during the 1995/96 project year. Durmnsing periods (Figure 7, bottom),

CPUE trends within protected areas were nearlytic&to those found for the
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Figure 7. Annual average CPUE (kg/day) and stahdaor of red hindEpinephelus
guttatus) from SEAMAP-C samplings along the western insplatform of Puerto

Rico per project year and red hind spawning pewdhin protected and unprotected
sampling areas. Dashed lines represent the timaaxtment of the seasonal closures.

western platform, with little inter-annual differtétion in CPUE prior to the enactment
of the closures, and a massive decrease in CPU#wfol the post-enactment increase
of the 1997/98 spawning period.

Red hind CPUE values within grouped unprotectedsaveere substantially lower
than those of protected areas prior to the enadtofd@he closures. Little differentiation
within CPUE of unprotected areas was observed antihcrease during the 1997/98
project year and spawning period, following whigdtaeases of similar magnitudes to
those measured in seasonally protected areas wamd.f Following the enactment of the
closures, CPUE within protected areas remained imealhg higher than within

unprotected areas during project years, but liifierentiation was observed in more
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Figure 8. Annual average CPUE (kg/day) and stahdaor of red hindEpinephelus
guttatus) from SEAMAP-C samplings along the western insplatform of Puerto
Rico per project year and red hind spawning pewtdin seasonally protected
aggregation sites. Dashed lines represent thedfrapactment of the seasonal

closures.

recent sampling periods. Within spawning perioagable differentiation in CPUE

between protected and unprotected sites was oluspria to the enactment of the

closures. During the 1997/98 spawning period,gases of CPUE within both protected

and unprotected areas to highly similar values wéserved. However, as of the

1998/99 spawning period, nearly equivalent decseas€PUE to extremely low values

had occurred, and minimal subsequent differentiaticCPUE was observed between
protected and unprotected areas.

Within independent seasonally protected red hirmveiing aggregation sites,
trends of CPUE were similar to those found for whiées were grouped, and at the

entire western platform spatial scale (FigureBuring project years and spawning
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periods, CPUE values withiBajo de Cico were higher than those of tAbrir la Serra
andTourmaline regions of the western platform, representingaii& abundance of red
hind within the western platform. CaptureBato de Cico made up 66% of the total
catch from all sampling years, of which 58% of tlaptures aBajo de Cico came from
samplings during spawning periods. Within propgears and spawning periods, overall
trends were highly similar between tBajo de Cico andAbrir la Serraregions.
However, decreases in CPUE prior to the enactnfehtecclosures, and the 1997/98
increase following enactment, were much more praned withinBajo de Cico. While
CPUE withinBajo de Cico remained highest following enactment of the clesutesser
differentiation was observed between the low CPEes of all three independently
protected areas within recent samplings. Low CRblHes were continuous throughout
all project years and spawning periods withinTharmaline region, and no observed
increase in CPUE was measured during the 1997f@8lsay periods.

Significant differences between annwalrage lengths were found for project
years and spawning periods for the entire westiatfiopm (Figure 9; p<0.05). Continual
decreases in annual average length were obsemagjtiout all project years and
spawning periods prior to the enactment of themwd<losures. Prior to the enactment
of closure, average length values following the@9% project year were found to be
significantly lower than earlier values of 1988/8990/91. A significant increase in
average length was found during the 1997/98 prgjeat, compared to values before
closure, with values within later years remainiingikr until another significant increase
for the 2005/06 period. Average length calculdtedhe latter year was found to be

significantly higher than even the peak value ef 1988/89 project year. Following the
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Figure 9. Annual average length and standard efroed hind Epinephel us guttatus)
from SEAMAP-C samplings along the western insulatfprm of Puerto Rico per
project year and red hind spawning period. Théeedine represents the time of
enactment of the seasonal clost

enactment of closure, an increase of average ldng#98 cm was observed between the
1995/96 and 2005/06 project years. Trends andfisignces during spawning periods
were nearly identical to those of project yearawiver, decreases in average length
following the 1997/98 spawning period were obseywecluding a significant decrease
during the 2000/01 spawning period, relative td tfdahe 1997/98 spawning period.
Between the 2000/01 and 2005/06 spawning periosigingicant increase of 5.64 cm
average length was found to have occurred.

Within trends of average length per ggpe (Figure 10), values from hooked lines
directly paralleled those calculated independemjeair type during project years and
spawning periods, but average length measuredglth@2005/06 sampling periods was
not found to differ significantly from the earligstak values of the 1988/89 project year
and spawning period. The average length of ind&sl captured by traps also increased

significantly in the 2005/06 project year, but otdya value comparable to those found
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Figure 10. Annual average length and standard efneed hind Epinephelus
guttatus) per gear type from SEAMAP-C samplings along tlestern insular
platform of Puerto Rico per project year and reddtspawning period (HL=hooked
line; TR=trap). Dashed lines represent the timenzfctment of the seasonal

closures

during the 1992/93-1993/94 periods. Little diffetiation in the average lengths of

individuals captured by traps was found during sgawg periods. Within most sampling

periods, larger individuals were captured withaps than by hooked line, and 80% of all

individuals captured within traps were females.

Inter-annual variations of average length by sekiwiproject years and

spawning periods were observed (Figure 11). Trehfsmale average lengths greatly

paralleled those of average lengths of all indigiduand of individuals captured by
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Figure 11. Annual average length and standard efneed hind Epinephelus
guttatus) per sex from SEAMAP-C samplings along the westesalar platform of
Puerto Rico per project year and red hind spawpergpd. Dashed lines represent
the time of enactment of the seasonal clos

hooked lines. Female average length of the 200a6j@ct year was found to be higher
than all values observed within earlier years, \aithincrease in average length by 4.05
cm, relative to average length observed followimg dnset of the closure (1997/98). A
noteworthy increase in average size of femalesroedwuring the 1997/98 spawning
period (after closure), but no further increaseuoa until a 5.88 cm increase was
observed in 2005/06. Decreases in the averagékeonf males during project years
were observed prior to the enactment of closurenafor decrease was observed in

average length immediately prior to the enactméttieclosures, with a subsequent
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increase immediately following their enactmentlléwing the enactment of closure,
further decreases were observed in the averagthenfgmales. Overall trends of
average lengths of males during spawning periods sienilar to those of project years.
However, an additional marginal increase in avetaggth was observed during the
2005/06 spawning period. Throughout most sampaergpds (i.e. all project years
except 1995/96, 2004/05-2005/06; all spawning pisriexcept 2000/01, 2004/05-
2005/06), males were found to be considerably faitgen females.

Length-frequency distributions of males and femaka®spled throughout the
entire western platform (Figure 12) during promingrmject years (1988/89, 1992/93,
1994/95, 1997/98, 2000/01, 2005/06) revealed thatafemales (FL=200 mm; Sadovy
et al. 1992) were the basis of early recruitment intoSEAMAP-C sampling program,
and most likely the fishery. Recruiting individaalere observed to contribute heavily to
the bulk of the catch throughout subsequent prgjeats, with peak abundance observed
in age 3-5 individuals (FL=230-300 mm). Larger esafe.g. FL >400 mm), while low in
number, were observed in greater numbers withifeptgears prior to the enactment of
the closures. Although fewer larger males wereepkesi during the 1997/98 project
year, high numbers of age 3-5 females were fougeth®r indicating good recruitment
in recent years. However, recruitment of this smldsequent years appears to be lower
(truncation at smaller sizes), or occur at a lage relative to what was observed in years
prior to closure. Total numbers of individuals ebh&d during the 2000/01 project year
were much lower than in previous samplings, bupprtional bulk contributions of age
3-5 females and the presence of age 2 recruitsnceat to be observed. However, the

distribution was further truncated at the high amidh minimal numbers of larger males.
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Figure 12. Length-frequency distributions per §exFemale; M=Male) of red hind
(Epinephelus guttatus) per project year from SEAMAP-C samplings along Western
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Figure 12 (cont'd). Length-frequency distributigres sex (F=Female; M=Male) of
red hind Epinephelus guttatus) per project year from SEAMAP-C samplings along
the western insular platform of Puerto Rico, wigfe @&ohorts, as identified by colored
arrows in accordance with Sadovy et al. 1992, ttahmughout the sampling peri
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Within the 2005/06 project year, still low numbefandividuals were observed with
particularly low numbers of males, minimal numbefsecruits, and remnants of
previously stronger cohorts in low abundance.

Percent contributions of age classes throughod\#P-C project years are
shown in Table 3. Generally, the bulk of captu@ssisted of individuals of ages 0-10
years. While little variation was observed in \dwf dominant age 3-4 individuals
throughout project years, a noteworthy decreasefovasl during the 2005/06 project
year. Prior to the enactment of the closures,rdmrttons of age 0-2 individuals were
found to increase, while those of older individudd¢sreased. Following enactment,

Table 3. Percent abundance of SEAMAP-C sam@édind Epinephelus guttatus)

age classes (in years calculated using Saeoaly 1992) per project year throughout
the western insular platform of Puerto Rico.

Year Ages 0-2 yrs (%) Ages 3-4yrs (%) Ages 5-6 yrs (%) Ages 7-10 yrs (%) Total (%)
[0-230 mm FL]  [230-280 mm FL] [280-325 mm FL] [325-385 mm FL]

1988/89 12.75 38.26 23.81 16.25 91.08
1989/90 12.14 41.14 26.43 15.00 94.71
1990/91 6.94 44.74 27.43 17.36 96.48
1991/92 10.39 46.66 26.24 13.45 96.74
1992/93 17.31 39.63 26.02 13.08 96.04
1993/94 22.02 43.86 21.31 10.80 97.98
1994/95 23.69 4491 19.79 9.30 97.69
1995/96 22.83 48.91 19.57 7.61 98.91
1996/97 - eeeeee e e e
1997/98 18.39 43.22 24.37 12.41 98.39
1998/99 17.20 42.53 26.52 11.71 97.97
1999/00 21.48 42.62 22.99 11.24 98.32
2000/01 15.22 49.13 18.26 16.09 98.70
2001/02  ---- e e e e
2002/03 - e e e e
2003/04  ---- e e e e
2004/05 8.20 40.98 34.43 16.39 100.00
2005/06 5.56 26.39 38.89 22.92 93.75
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Figure 13. Annual average length and standard efneed hind Epinephelus
guttatus) from SEAMAP-C samplings along the western insplatform of Puerto
Rico per project year and red hind spawning pewahin protected and unprotected
areas. Dashed lines represent the time of enatwhéme seasonal closures.
percent contributions of age 0-2 individuals destinwith decreases in recent project
years to only 5.56%, whereas percent contributadragje 5-6 and 7-10 year individuals
were observed to increase to previously unmeasiaie@s in recent project years.
Decreases in average length were observed witbupgd seasonally protected
areas during project years and spawning periods fithe enactment of closures

(Figure 13), and later trends greatly mirrored &éhobserved for the entire western

platform, with major increases not being observetil the 2004/05-2005/06 periods. An
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increase in the average length of individuals [25%m was observed within project
years following the onset of the closures, whildividuals captured during spawning
periods were found to increase by 7.55 cm. Ldtfeerentiation in inter-annual average
length was measured between project years or spgvpeiriods for individuals sampled
within unprotected areas. During most project geaverage lengths of individuals
within unprotected areas were found to be highan those within protected areas, with
notable differentiation during the 1989/90, 19931994/95, and 1997/98-1999/2000
project years. However, little differentiation Ween protected and unprotected areas
was noted during spawning periods, with a notalfferéence measured only during the
1997/98 spawning period. Within more recent sangptieriods, larger individuals were
found within protected areas.

Within seasonally protected areas, notable diffegsrwere observed for inter-
annual average lengths between project years,trgitiols of individuals sampled Bajo
de Cico most closely approximating those observed for geduprotected areas and the
western platform (Figure 14). While early decrsasere observed withiabrir la
Serra, there was little overall differentiation in avgealength prior to and immediately
following the enactment of closure. However, faling the 2000/01 project year an
increase in average length of 5.43 cm was obsehredghout later years. Little
differentiation in average length was observed wifkbrir la Serra throughout
spawning periods. However, an increase in aveeggh of 5.99 cm was observed
throughout the period following the enactment & thosure.

Within Bajo de Cico, progressive decreases in average length werevalokse

within project years prior to the enactment of ¢thesures. Following enactment,

36



—e— Abrir La Sie
—e— Bajo de Cic
—o— Tourmaline

Ird

(0]

Fork Length (mm

200

©
Q&Q(OQ(O\Q
PP

>
S0

SV
M)
SRS,

& &>
OERIRNESES
PP

W PP PP
%

T

6 B A DO
P GO
AN I I

S
S
SN

Project Year

500
450 -

—o— Abrir La Sierrag
—e—Bajo de Cico
—o— Tourmaline

Fork Length (mm)

Spawning Period

1

Figure 14. Annual average length and standard efne@d hind Epinephelus
guttatus) from SEAMAP-C samplings along the western insplatform of Puerto

Rico per project year and red hind spawning penidin seasonally protected areas.

Dashed lines represent the time of enactment cdehsonal closures.

progressive increases were observed, represenfirily &m increase in average length

throughout this period. During spawning periodsilar trends were found, where
progressive decreases were observed within egdams. Although an increase in

average length of 8.81 cm was observed throughpawising periods following

enactment of closure, little differentiation wasetved between inter-annual values

immediately following the enactment of the closu@verall, average length was found

to be highest withiBajo de Cico during project years and spawning periods, but
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Figure 15. Annual average proportions and standaad of female red hind
(Epinephelus guttatus) from SEAMAP-C samplings along the western insular
platform of Puerto Rico per project year and relrspawning period. The dashed
line represents the time of enactment of the sedstosures.

variations in average length per sampling periasvben protected areas were often
marginal.

Within Tourmaline, major differentiations in average length wereydolund
between early high annual average length valueghwiere the result of capturing an
occasional larger individual in very low catchésowever, trends and values during
project years and spawning periods closely apprataohthose found withiAbrir la
Serra. Although little differentiation was found betwekater project years within
Tourmaline, an increase of average length of 4.02 cm wasrebdehroughout the period
following the enactment of closure. Very littléfdrentiation was found between
average lengths of individuals captured within spiagy periods.

Average proportions of females within the entirestern platform of Puerto Rico
(Figure 15) were found to significantly differ bedan project years (p<0.05). Significant
differences were measured between years prioeterthictment of the closures,

especially during a decrease in the proportioreofdles observed within the 1990/91
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project year. A significant increase in femalegmdion immediately followed, but
values remained significantly lower than thosehef 1988/89-1989/90 project years until
a following significant increase during the 1995f86ject year, where 99.2% of the
sampled population was female. However, this vdildenot differ significantly from
initial values. No inter-annual significant difeerces were measured following the
enactment of closures. During spawning periotie Wariation was observed in the
proportion of females, with the only significantfdrence (p<0.05) in the average
proportions of females observed between the 19884891993/94 spawning periods.
Trends of annual average female proportions wendasito coast-wide trends at all
spatial scales. Inter-annual significant differehat higher resolutions were found
between few sampling periods, and no significaniat@n in annual trend was observed

prior to and following the enactment of closures.

Fishery-dependent commercial landings data (Cabo Rm and Mayaguez)
Throughout the SEAMAP-C sampling period, a total 2,994 kg of red hind
were reported landed from the Cabo Rojo and Mayaguicipalities combined (Table
4). These two regions comprise the bulk of thepdeng area of SEAMAP-C, and have
historically contributed the majority of the westast landings of Puerto Rico. Although
this component of the west coast has historicalhtributed a large percentage of the
total red hind landings in Puerto Rico, landingwm this area represented only 31% of
the total island-wide red hind catch throughout®t&AMAP-C period of study. Annual

contributions to Puerto Rico total landings haverbeo higher than 46%, with
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Table 4. Annual total reported landings of r@tdh(Epinephelus guttatus) per
SEAMAP-C project year and red hind spawning pkfio parenthesis) from the Cabo
Rojo and Mayaguez municipalities of Puerto Riombined, with breakdown of annual
catches by percent gear type (HL=hand line; T&gst6ECUBA=spearfishing while
SCUBA diving; Other=other gear types) and percemitribution to total west coast and
Puerto Rico landings.

Year Total Landings % TR % HL %SCUBA % Other % WaSb % All PR

1988/89 4367.46 (1705.22) 63.5 (62.7) 42%30.9) 0.0 (0.0) 112 (6.4) 51.19.® 29.7 (33.2)
1989/90  4697.17 (1725.62) 55.7 (24.3) 23@50.4) 2.8 (5.3) 11.3 (19.9) 63.7 .97 29.8 (41.7)
1990/91 9187.53 (5195.24) 524 (52.3) 73@33.2) 156 (13.7) 14 (0.9) 714 .84 357 (43.5)
1991/92 9419.50 (3910.88) 41.6 (29.0) 12%38.1) 28.7 (24.0) 45 (8.9) 809 .BJ5 44.4 (46.6)
1992/93 6863.72 (3252.83) 44.6 (38.1) 63@l9.8) 219 (37.7) 2.9 (44) 752 g5 357 (40.7)
1993/94 6718.71 (2526.98) 51.9 (59.7) 41715.8) 185 (1.4) 122 (23.1) 78.8 134. 41.4 (43.0)
1994/95 249456 (1541.50) 154 (2.1) .66774.8) 19.1 (145) 7.9 (8.6) 57.99.9 18.0 (22.0)
1995/96  4264.85 (2606.12) 13.0 (12.1) 17@67.2) 10.2 (13.3) 6.7 (7.4) 73.4 497 19.4 (25.7)
1996/97 4700.68 (1577.78) 17.5 (11.9) 66262.4) 152 (24.0) 4.7 (17) 932 .91 185 (12.9)
1997/98 8884.69 (4654.76) 24.6 (27.5) 84141.4) 264 (26.3) 7.2 (4.8) 965 .98 33.9 (43.6)
1998/99  10501.03 (4636.52) 23.6 (16.3) 3%W.2) 40.8 (43.9) 26 (0.7) 952 P3. 39.5 (37.7)
1999/00 8344.10 (2703.51) 167 (4.3) 43453.0) 462 (384) 2.8 (43) 8281LE 286 (22.5)
2000/01 7688.66 (2526.08) 21.7 (31.9) 4333.2) 382 (32.3) 3.7 (2.6) 805 .7 27.8 (22.8)
2001/02 8428.80 (3668.93) 18.8 (15.9) 23§45.2) 409 (36.8) 2.1 (2.1) 89.8 94 257 (26.5)
2002/03 8420.86 (2691.16) 16.6 (15.7) 44247.1) 39.7 (365) 1.3 (0.8) 78.6 .5J3 23.8 (22.9)
2003/04 8377.10 (3885.03) 33.9 (24.6) 13329.2) 29.1 (44.4) 3.9 (1.8) 76.0 .90 33.4 (39.9)
2004/05 495329 (1143.65) 9.9 (8.8)9.92 (41.7) 52.6 (495) 7.6 (0.0) 72.38.8) 36.3 (36.5)
2005 4681.29  (----mem ) 75 () 2B () 597 (=) 0.0 (-) 67.6--) 464 (-

Total  122994.00 (49951.82) 29.9 (27.3) 3540.2) 29.6 (27.4) 4.6 (5.1) 77.8 (85.7)0.73 (31.8)

contributions immediately following the enactmehtlee closure being no more than
20%.

Most red hind were captured by hook and line, wbdtches from fish traps and
spearfishing while SCUBA diving contributed signént proportions to total landings.
Although other gear types such as gill and trammeéd, troll lines, and long lines are
used within the red hind fishery, their contributim annual reported catch was no more
than 12% in a given year. Within earlier SEAMARfDject years during the period of

interest, red hind captured by traps overwhelmimghde up the largest component of the
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catch. However, near the enactment of the seastwglres, catches from hand lines,
and later by spearfishing, comprised the majoritthe commercial fishery. During the
most recent years of study (2004/05-2005), catfroes traps made up no more than
10% of the total catch of the Cabo Rojo and Mayagegions of the west coast, while
catches from spearfishing made up the majoritheflandings.

Trends and percent contributions of gears to lagglduring spawning periods
were very similar to those of project years. Oarage, landings during spawning
periods made up 42.5% +/- 2.64 SE of annual larsdoey SEAMAP-C project year.
However, immediately prior to the enactment ofgseasonal closures (1995/96 project
year), landings reported during the spawning pemadie up 61% of the reported catch.
Within the years following enactment of closureidangs during spawning periods
averaged 38.3% +/- 3.44 SE of project year landirtdgwever, during the 2004/05
project year, only 23% of the annual landings c&me catches during spawning
periods.

Throughout the SEAMAP-C sampling period, 21,1@ifg trips have been
reported with red hind landings data within the €&wjo and Mayaguez municipalities
of Puerto Rico (Table 5). Fishing trips from theseas have comprised 82% of the trips
of the west coast of Puerto Rico, but only 26%otdltisland-wide reported fishing effort
for red hind. Annual contributions to total reattred hind fishing effort within Puerto
Rico during project years have been low (mean=31692.01 SE), but variable.
Trends of percent contributions of fishing tripgmored those of catches, as evidenced by

low percentages during the years around the enatih¢he

41



Table 5. Annual number of fishing trips reportedred hind Epinephelus guttatus)

per SEAMAP-C project year and spawning periocp@renthesis) from the Cabo Rojo
and Mayaguez municipalities of Puerto Rico corabirwith breakdown of annual trips
by percent gear type (HL=hand line; TR=trap; S@3Bpearfishing while SCUBA
diving; Other=other gear types) and percent doution to total fishing trips reported
for red hind for the west coast and Puerto Rico.

Year Total Trips % TR % HL % SCUBA % Other % W Cbas % All PR

1988/89 239 (63) 452 (30.2) 389 ($8.7 0.0 (0.0) 159 (11.1) 295 (34.2) 15.54.8)
1989/90 1126 (451) 31.6 (21.5) 62.2 (75.8)0.6 (1.1) 56 (1.6) 725 (85.9) 42.53.0)
1990/91 877 (417) 281 (245) 639 (66.2)43 (4.6) 3.8 (4.8) 67.2 (78.1) 31(37.2)
1991/92 764 (355) 436 (29.3) 440 (59.2)6.2 (5.4) 6.3 (6.2) 69.0 (78.9) 19(26.8)
1992/93 671 (236) 48.4 (30.1) 432 (52.1)6.7 (15.7) 1.6 (2.1) 70.8 (69.8) 23.69.0)
1993/94 458 (176) 36.0 (46.0) 445 (43.814.4 (74) 50 (2.8) 66.9 (76.2) 18.96.4)
1994/95 290 (175) 214 (74) 634 (J43 7.2 (109) 7.9 (7.4) 584 (85.8) 10(11.3)
1995/96 840 (415) 15.8 (13.7) 48.0 (35.9p1.1 (31.6) 151 (18.8) 81.6 (98.1) 13.9 %p1.
1996/97 1048 (465) 22.9 (14.6) 51.2 (56.3p0.4 (28.0) 54 (1.1) 97.2 (97.9) 16.8 .9)8
1997/98 1828 (888) 29.2 (41.3) 24.8 (25.986.2 (22.7) 9.9 (10.0) 985 (99.2) 32.7 ¥4
1998/99 2832 (888) 12.0 (19.5) 31.0 (28.855.0 (51.5) 1.9 (0.2) 95.2 (91.7) 38.3 .§1
1999/00 2800 (858) 8.3 (2.0) 27.1 (39.661.1 (50.0) 3.5 (8.4) 87.2 (92.2) 32.30.0)
2000/01 1819 (621) 23.0 (33.7) 35.3 (43.888.9 (18.8) 2.8 (3.7) 815 (68.2) 24.8 .73
2001/02 1807 (533) 11.8 (15.0) 37.9 (38.6¥8.2 (44.1) 2.0 (2.3) 87.4 (86.5) 23.1 .80
2002/03 1480 (285) 23.6 (18.2) 28.6 (40.4%5.2 (35.8) 2.6 (5.6) 92.3 (74.2) 225 %3
2003/04 850 (255) 20.9 (15.7) 38.9 (32.987.6 (48.2) 25 (3.1) 743 (85.0) 28.10.83
2004/05 680 (105) 7.1 (10.5) 25.4 (34.361.9 (55.2) 5.6 (0.0) 79.0 (80.2) 36.87.6)
2005/05 700 () 71 () 27.9-) 650 (——-) 0.0 (--) 794 () 4B ()

Total 21109 (7186) 205 (21.7) 37.2 (43.8) 3@8.2) 45 (5.3) 817 (845) 26.1 (27.1)

closures. Prior to the enactment of the closwrestage reported fishing effort was
701.44 +/- 105.25 SE trips, with highest monthghfng intensity generally within
January, and periodic peaks in effort during Augunst October months.

Immediately following the enactment of the closytés number of recorded
fishing trips increased 2-3 fold, following whicKat gradually decreased to values
comparable to those observed prior to the enactoféhe closures. Similar
observations were found during spawning periodshith reported trips increased two-

fold immediately following the enactment of theslioes. Monthly fishing intensity
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remained prominent during spawning months with wotéhy increases. However,
increases in fishing intensity were found throughmearly all months following
enactment of the closures, with highest intensaleserved during summer months,
particularly July-August. Within project yearsqrio the enactment of the closures, a
higher percent of fishing effort occurred during gpawning period (average %
spawning-period effort relative to total annuabefi= 43.1% +/- 3.21 SE) relative to
project years after enactment (average % spawrenggeffort relative to total annual
effort = 29.9% +/- 3.52 SE). Although the majortfyfishing trips generally occurred
during the non-spawning period throughout the domadf study, during the 2004/05
project year only 15% of the reported fishing efftame from trips during spawning
periods.

Nearly equivalent fishing effort was performed whthok and line and
spearfishing (while SCUBA diving) throughout theiegty of the period of interest.
Within years prior to the enactment of closure,khand line was the dominant reported
fishing gear, with little reported use of spearinghwith SCUBA diving. However,
following the enactment of the closure, spearfighinon became the preferred method of
capture, while hook and line use remained signiticd.ow numbers were observed for
trapping trips, with no more than 7% of the fisheféprt coming from traps during the
2004/05-2005 project years. Similar trends wérgeoved during spawning periods.

Annual nominal CPUE (kg/trip) values within the domed Cabo Rojo and
Mayaguez municipalities of Puerto Rico (Figure w&ye found to significantly differ

between project years and spawning periods (p<0.B%¢luding the low observation

43



—e— Project Year
—o— Spawning Perio!

CPUE (Kgftrip;

SR R O P R SRR
Fof S S P GG S
'9'\9\9\9'\9\9@@‘19‘19‘19‘19‘19

D O 9 X H O N
%q}%%@gq&qug(;(ﬁgq%qq&g @\Q @Q)
SN RS

Figure 16. Annual average nominal CPUE (kg/trimd atandard error of red hind
(Epinephelus guttatus) from reported landings of combined Cabo Rojo and
Mayaguez municipalities of Puerto Rico, per SEAMBRyroject year and red hind
spawning period. The dashed line representsnie ¢f enactment of the seasonal

closures.

during the 1989/90 SEAMAP-C project year, earlien@al CPUE values of the period of
interest were generally higher than within mostidaiears. Significant differences were
measured between values of project years pridre@hactment of closures, and
pronounced significant decreases were observeddhout the 1993/94-1995/96 project
years. Little variation in CPUE was observed imratdy following the enactment of
the closure. However, significant increases wéseosed within later years, which
peaked during the 2003/04 project year to a vatueparable to those of years prior to
the enactment of closure. Following this yeaigaificant decrease in CPUE was
observed. CPUE during spawning periods closelgljgded that of project years.
Although there was little differentiation of valyg&3PUE during spawning periods was
generally higher than within corresponding projgers, with more pronounced

differences observed during later years.
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Within the three most frequently employed gear $ypkthe red hind fishery,
annual nominal CPUE (kg/trip) was found to diffetdween project years and spawning
periods (Figure 17). During spawning periods, CRAdkies were found to closely
mirror those of corresponding project years with &ceptions. Spawning period
CPUE generally approximated, or was greater thamcorresponding project year CPUE.
Within later years, increased differentiation waserved between project years and
spawning period CPUE, especially within hook ane li Values within traps were
variable, and following the initial decrease of #8#39/90 project year and spawning
period, lesser sequential differentiation was olesguntil the 1994/95 period, during
which a decrease to values much lower than the CéfWwkost preceding years occurred.
Throughout subsequent years, little variation waseoved until a noteworthy increase
during the 2003/04 project year, which was fountg¢aompatible with higher values
during the period prior to the closures. Throughba 2004/05-2005 project years,
decreases in CPUE were observed, but were not flaube much lower than the 2003/04
peak, nor than values within most years prior toghactment of closures. CPUE of the
2004/05-2005 project years remained higher thaor palues observed within project
years following the enactment of closure.

As in traps, an early decrease of hook and line ERMds observed during the
1989/90 project year, followed by increases whictuored until the 1994/95 project
year, after which noteworthy decreases were obdesithin the years leading up to the
closures. Although an increase in CPUE immedidtdlgwing enactment was
observed, it was not found to be highly differewih previous values, and was followed

by much lower values as of the 1998/99 project.yétywever within this period of
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Figure 17. Annual average CPUE (kg/trip) and saatérror of red hind
(Epinephelus guttatus) by gear type from reported landings of combinadh@Rojo
and Mayaguez municipalities of Puerto Rico, per SE&®-C project year and red
hind spawning period. Dashed lines representithe of enactment of the seasonal

closures.
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lower CPUE, marginal progressive increases occufodwed by a prominent increase,
as of the 2002/03 project year, to values compatibth those of years prior to the
enactment of closures.

CPUE of spearfishing with SCUBA was found to irage within the early project
years of the period of interest until peaking abg/trip during the 1991/92 project
year. Subsequent decreases were observed withjgcpyears leading up to the time of
enactment of closures, following which little varoe was observed. However, within
post-enactment project years, sequential incraaSeBUE were observed during the
2000/01 and 2003/04 project years.

Relationships of CPUE between gears were fouvaity throughout the period
of interest. Within earlier project years priorth@ enactment of the closures, trap CPUE
was observed to be higher than that of hook ared IlHowever, as of the 1989/90 project
year, CPUE by spearfishing with SCUBA was foundwearf both gear types until
values significantly decreased during the 19954@fept year. While little
differentiation in CPUE between gear types was ndeskeduring subsequent years close
to the timing of the enactment of closures, hodkesl CPUE was comparatively highest
until trap CPUE increased throughout most of th@opgeonward from the 1998/99
project year. Spearfishing CPUE was found to beparatively lowest throughout the
period following the enactment of closures. Simitands were observed during
spawning periods. Although differences between EBUtraps and spearfishing were
not as pronounced as during project years, moneopireced differences were observed

between trap and hand line CPUE during spawningger
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Fishery-dependent port-sampled biostatistical dat#¢Cabo Rojo and Mayaguez)
Throughout the SEAMAP-C period of interest, biastatal data for 2238 port-
sampled red hind were collected within the CabmRwid Mayaguez municipalities of
Puerto Rico (Table 6). Overall, most sampled imthials were captured by hand lines or
by spearfishing with SCUBA, with minimal numbergtaed by traps. However, within
this dataset many individuals were also obtainedthgr gears, particularly trammel
nets, which generally play a minor role in totaddangs contributions. Red hind obtained
during spawning periods made up 31% of all sampidividuals. During project years,
increases in the number of sampled individuals weserved up to the 1991/92 project
Table 6. Annual number of port-sampled redilper SEAMAP-C project year and
red hind spawning period (in parenthesis) ftaemCabo Rojo and Mayaguez
municipalities of Puerto Rico combined, witlrqent breakdown of individuals by

gear type captured (HL=hand line; TR=trap; S@Bpearfishing while SCUBA
diving; Other=other gear types).

Year Total Red Hind % TR %HL %SCUBA % Other

1988/89 9 (3B e — —--

1989/90 82 (19) 48.8 (89.5) 1.2(5.3) 0.0 (0.0) 50.0 (5.3)
1990/91 107 (35) 55.1 (31.4) 8.420.0) 0.0 (0.0) 36.4 (48.6)
1991/92 136 (81) 21.3 (0.0) 56.687.7) 2.2 3.7) 19.9 (8.6)
1992/93 114 (17) 6.1 (41.2) 24.6(0.0) 26.3 (23.5) 43.0 (35.3)
1993/94 81 (44) 33.3 (0.0) 51.995.5) 3.7 (4.6) 11.1 (0.0)
1994/95 27 (5) 85.2 (40.0) 0.0(0.0) 0.0 (0.0) 14.8 (60.0)
1995/96 18 (5) 11.1 (0.0) 0.0(0.0) 22.2 (0.0) 66.7 (100.0)
1996/97 15 (8) 0.0 (0.0) 40.q75.0) 0.0 (0.0) 60.0 (25.0)
1997/98 37 (27) 2.7 (3.7) 00. (0.0 16.2 (22.2) 81.1 (74.1)
1998/99 205 (44) 0.0 (0.0) 23.9(0.0) 43.9 (45.5) 32.2 (54.5)
1999/00 94 (23) 4.3 (0.0) 13.8(0.0) 51.1 (43.5) 30.9 (56.5)
2000/01 123 (16) 0.0 (0.0) 22.0(6.3) 59.3 (93.8) 18.7 (0.0)
2001/02 171 (98) 0.0 (0.0) 66.743.9) 25.7 (43.9) 7.6 (12.2)
2002/03 133 (20) 0.0 (0.0) 54.1(0.0) 17.3 (30.0) 28.6 (70.0)
2003/04 277 (239) 7.6 (8.8) 30.832.6) 545 (56.5) 7.6 (2.1)
2004/05 187 (7) 1.6 (0.0) 50.3(0.0) 34.8 (42.9) 134 (57.1)
2005 402 ----- 00  -—---- 35.1 ------ 59.0 ------- 6.0 --—--—---
Total 2218 (691) 9.7 (8.5) 34.736.0) 34.7 (35.7) 20.9 (19.7)
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year and spawning period, following which progressiecreases occurred, and few
sampled individuals were observed in the yearosading the enactment of closure.
Within more recent years, increased numbers of @lynsampled red hind have been
observed, with a peak of 402 individuals sampledhduthe 2005 component of the
2005/06 SEAMAP-C project year. However, samplidgeng spawning periods have
remained relatively low throughout the years follegvenactment of the closure, with
exceptions during the 2001/02 and 2003/04 periods.

Within project years prior to the enactment of al@s red hind captured by traps
and hand lines made up a large component of sampledduals. Few individuals were
obtained by spearfishing with SCUBA, while modenmatenbers were captured by
trammel nets. Following the enactment of the dlesuvery few individuals captured by
trap were observed, especially during spawningoperi Annual increases in the number
of sampled individuals captured by spearfishingensdso found, while red hind from
trammel nets remained at moderate numbers. Dpengds of low red hind numbers
immediately prior to and following the enactmentlod closures, the bulk of sampled
individuals came from trammel nets. Within lateojpct years, most individuals were
captured by hand line or by spearfishing. Howeglaring later spawning periods the
majority of sampled individuals came from trammeltsand spearfishing, with
pronounced decreased contributions from hand lines.

During SEAMAP-C project years, progressive incredadhe average length of
port-sampled red hind were observed (Figure 18) vatues were found to be significant
(p<0.05). No significant difference in the averdgegth of individuals was observed

between sequential project years, nor from thelin@saverage length of the 1988/89
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Figure 18. Annual average length and standard efneed hind Epinephelus

guttatus) from port samplings of the Cabo Rojo and Mayaguenicipalities of
Puerto Rico per SEAMAP-C project year and red lspawning period. The dashed
line represents the time of enactment of the sedstosures.

project year, until the 2003/04 project year. Hwere prior to the enactment of the
closures, the peak average length of the 1992/88gryear was found to be
significantly higher than the lower values of tf88%/90-1990/91 period. Within years
following enactment of the closure, little changeaverage length was observed until a
minor increase during the 2001/02 project yearasunificant increase during the
2003/04 project year. Within following project yeadecreases in average length were
observed, but values were not significantly lowemt that of the 2003/04 project year,
and remained significantly higher than the avelaggths of most preceding project
years.

Trends during spawning periods closely followedsthof project years. Annual
significant differences were only observed (1) ewthe low value of the 1989/90
spawning period and the values of most periods lwfattowed it, and (2) between the

peak value of the 2003/04 spawning period and #heeg of most of its preceding
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periods. A low average length value was obserwgohd the 2004/05 spawning period,
but it was not found to significantly differ frorhe values of any preceding spawning
periods. Average lengths of individuals sampledrduspawning periods were generally
found to be higher than those sampled during cpamding project years, with more
pronounced differences observed in the years fwitre enactment of closures.
Length-frequency distributions of port-sampled @t within Cabo Rojo and
Mayaguez municipalities (Figure 19) during periofiprominent abundance (1989/90,
1991/92, 1993/94, 1998/99, 2000/01, 2005 SEAMAP-@jeat years) revealed the
importance of age 2 individuals (FL=200 mm; Sadevg. 1992) as the basis of early
recruitment into the fishery. However, low numbefsampled individuals were
observed prior to the enactment of the closuremtiiutions of recruits to the bulk of
the catch were observed throughout subsequentcpragars, with peak abundance
observed predominantly in age 3-5 individuals (FB&300 mm). Truncations in the
number of larger individuals were observed withiaj@ct years prior to and following
the enactment of the closures. Losses of recans shifts in distribution, were
observed following enactment of the closures. fAighest number of individuals were
sampled within the 2005 SEAMAP-C project year, antbteworthy increase in the
prevalence of larger individuals was observed,caspared to the 1998/99 project year
(1998/99 percent contribution of individuals >37thrRL = 6.8%; 2005 percent
contribution of individuals >370 mm FL = 14.2%). pdonounced shift in distribution
was found in 2005, with few <250 mm individuals $d&dl, and increased proportional

abundance of age 5-7 individuals (FL=280-340 mm).
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Figure 19. Length-frequency distributions of rexdh(Epinephelus guttatus) from
port-sampled biostatistical data of the Cabo Roj lflayaguez municipalities of
Puerto Rico per SEAMAP-C project year, with ageartd) as identified by colored
arrows in accordance with Sadet al. 1992, traced throughout the samp perioc
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Figure 19 (cont'd). Length-frequency distributiarfsed hind Epinephelus guttatus)
from port-sampled biostatistical data of the CalogoRand Mayaguez municipalities of
Puerto Rico per SEAMAP-C project year, with ageartd) as identified by colored
arrows in accordance with Sadcet al. 1992, traced throughout the sampling per
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Table 7. Percent abundance of port-sampledthiret! (Epi nephel us guttatus) age
classes (in years calculated using Sadbay. 1992) per SEAMAP-C project year,
from individuals within the Cabo Rojo and Mayagununicipalities of Puerto Rico.

Year Ages 0-2 yrs (%) Ages 3-4 yrs (%) Ages 5-6 yrs (%) Ages 7-10 yrs (%) Total (%)
[0-230 mm FL] [230-280 mm FL] [280-325 mm FL] [325-385 mm FL]

1988/89 11.11 66.67 22.22 0.00 100.00
1989/90 34.15 45.12 13.41 4.88 97.56
1990/91 10.28 50.81 23.36 6.54 100.00
1991/92 8.09 36.76 39.71 12.50 97.06
1992/93 6.14 28.95 28.95 21.05 85.09
1993/94 17.28 25.93 29.63 24.69 97.53
1994/95 11.11 51.85 33.33 3.70 100.00
1995/96 16.67 33.33 27.78 22.22 100.00
1996/97 13.33 26.67 26.67 13.33 80.00
1997/98 2.70 24.32 37.84 32.43 97.30
1998/99 1.95 32.68 40.49 20.00 95.12
1999/00 6.38 32.98 37.23 21.28 97.87
2000/01 2.44 43.09 31.71 19.51 96.75
2001/02 2.34 21.05 40.35 26.90 90.64
2002/03 3.01 29.32 34.59 25.56 92.48
2003/04 1.44 12.27 22.38 43.68 79.78
2004/05 0.53 17.65 31.02 32.62 81.82

2005 2.24 13.43 44.28 28.11 88.06

Percent contributions of age classes throughoutNMIA-C project years are
shown in Table 7. Generally, individuals ages Or&8rs made up the bulk of captures.
Contributions of age 0-2 individuals were found®much higher prior to the enactment
of the closures than during later years, in whigdytwere observed at minimal presence.
Highest contributions were observed in age 3-4&6dndividuals at nearly equivalent
values in several years leading up to, and immelgi&bllowing, the enactment of the
closures. This was subsequently followed by destngecontributions of age 3-4
individuals to minimum values, and proportionalreases in ages 5-6 and 7-10

individuals.
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Figure 20. Annual average length and standard efnport-sampled red hind
(Epinephelus guttatus) by gear type from combined Cabo Rojo and Mayaguez
municipalities of Puerto Rico, per SEAMAP-C projgetar and red hind spawning
period. Dashed lines represent the time of enautofehe seasonal closures.
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Annual variation in the average lengths of port-skeah individuals per gear type
captured was observed between project years amehsgaperiods (Figure 20).
However, due to infrequent samplings, data wereaiteble during many project years
and spawning periods. Trends for all gear typeegdly mirrored those for average
length independent of gear type, with progressieegases observed following the
enactment of the closure. Within traps, littleliéntiation in length was observed prior
to the enactment of the closure, but notable irrgeavere observed during more recent
project years and spawning periods. Noteworthyeiases in the average length of
individuals captured by hook and line were obseiiaing the 1992/93 and 2003/04
project year. Within spearfishing captures, sinmgder year average length increases
were observed, especially during the 2002/03 ptgjear and spawning period.
However, these were followed by subsequent decseasgze to values that were
comparable with earlier average lengths. Althoteghhind captured by traps and hand
lines were less frequently sampled during spawpgrgpds, overall annual trends were
similar to those of project years. Following emaent, little differentiation was observed
in average length per gear until the 2004/05-208%0d, during which the largest
individuals were obtained by hook and line. Altgbunarginal separation was observed
when annual average length values were comparagbetgear types, red hind captured

by traps were generally smaller than those captioyatie other two gear types.
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Lajas (La Parguera) fishery-dependent commercial ladings and port-sampled

biostatistical data

Throughout the SEAMAP-C sampling period, a tota24f919 kg of red hind

were reported from the municipality of Lajas, predeantly the La Parguera region

(Table 8). Although this region has historicalgntributed recognizable red hind

landings within the south coast, contributions wittecent years were very low.

Landings within this area represented no more i of the total island-wide red hind

catch during SEAMAP-C project years, and only 6 @he total reported catch of

Table 8. Annual total reported landings of retdh(Epinephel us guttatus) per

SEAMAP-C project year and red hind spawning gkfia parenthesis) from the

Lajas (La Parguera) municipality of Puerto Rweith breakdown of annual catches
by percent gear type (HL=hand line; TR=trap; S@3Bpearfishing while SCUBA

diving; Other=other gear types) and percent domtion to total south coast and

Puerto Rico landings.

Year Total Landings % TR % HL %SCUBA % Other % K6 % All PR

1988/89 332.88 (246.26) 48.1 (36.8)6.34 (57.3) 0.0 (0.0) 5.6 (5.9)14.7 (18.5) 23 (4.8)
1989/90 401.36 (241.27) 63.2 (39.8)6.83 (60.2) 0.0 (0.0) 0.0 (0.0) 7.0 (14.9) 25 (5.8)
1990/91 2484.35 (2267.12) 16.8 (15.081.0 (82.8) 0.8 (0.9) 14 (1.3)29.2 (51.7) 9.7 (19.0)
1991/92 1411.11 (1054.42) 39.4 (29.8p5.6 (68.4) 2.2 (0.0) 2.8 (1.8)32.1 (39.8) 6.7 (12.6)
1992/93 1046.71 (839.46) 16.5 (2.8)3.58 (97.2) 0.0 (0.0) 0.0 (0.0)17.8 (386) 54 (10.5)
1993/94 283.90 (268.48) 6.4 (3.959.7 (63.2) 31.6 (30.6) 2.2 (2.4) 7.8 (18.0) 18 (4.6)
1994/95 1031.75 (726.53) 31 (4.4B23 (453) 19.2 (26.3) 455 (24.0) .52327.2) 7.4 (10.4)
1995/96 1271.66 (1043.99) 34.2 (29.8) 460(64.5) 0.5 (0.0) 49 (5.6) .15(23.2) 5.8 (10.3)
1996/97 914.29 (677.10) 7.9 (7.0p3.5 (51.0) 0.6 (0.8) 380 (41.2)118 (175) 3.6 (5.5)
1997/98 837.64 (601.36) 4.6 (1.8y1.2 (73.7) 49 (26) 193 (219)125 (21.3) 3.2 (5.6)
1998/99 1869.39 (1385.94) 10.8 (6.9) .969(81.0) 85 (3.7) 108 (8.4) .23(324) 7.0 (11.3)
1999/00 2129.25 (1849.89) 9.7 (6.3)1.17 (78.6) 47 (44) 145 (10.7) .@21(28.0) 7.3 (15.4)
2000/01 2828.34 (2173.02) 13.9 (7.4) .969(81.0) 25 (0.0) 137 (11.6) 34(55.6) 10.2 (19.6)
2001/02 2853.74 (2334.69) 7.1 (4.4)4.77 (83.5) 19 (05 16.3 (11.6) .®8(46.5) 87 (16.9)
2002/03 3735.60 (1903.40) 5.4 (0.8)3.68 (83.8) 1.6 (0.5) 9.4 (15.0) 9.2 (36.7) 106 (16.2)
2003/04 124580 (1041.27) 17.6 (15.3) 563(65.5) 17.2 (18.5) 1.7 0.7) 20.1 (38.0)5.0 (10.7)
2004/05 102.95 (2.27) 1.8 )0.084.1 (100.0) 0.0 (00) 141 (0.0) 3.6 (0.3) 0.8 0.1)
2005 138.32 (0.00) 0.0 (0.06.2 (0.0)0 793 (0.0) 144 (0.0)12.0 (0.0) 14 (0.0)
Total 24919.05 (18656.46) 14.4 (10.3) 69(36.2) 47 (35) 117 9.9 21(33.3) 6.2 (11.9
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Puerto Rico throughout the period of study. Wittgoent project years and spawning
periods, total reported landings were found to el@se to previously unmeasured values.
However, prior to the 2004/05 project year, notataltches and contributions to south
coast and Puerto Rico landings were observed witi@megion during spawning periods.
An overwhelming proportion of red hind were captuby hook and line, while
total catches from fish traps and spearfishing @BICUBA diving were observed in
much lower proportions to total landings throughitnet sampling period. Contributions
from traps were much higher in earlier years, avdihdividuals were captured by
spearfishing with SCUBA until during the 2005 SEARAC project year, in which 79%
of landings were from spearfishing. Within Lajather gear types were found to be
more prevalent than along the western platformh wibre notable contributions to
annual reported catch during earlier years. Widarier SEAMAP-C project years
during the period of interest, red hind capturedrbps overwhelmingly made up the
largest component of the catch. However, neaetfaetment of the seasonal closures,
catches from hand lines, and later by spearfistaamprised the majority of the
commercial fishery. Trends and percent contrilmgiof gears to landings during
spawning periods were very similar to those ofgebyears. Landings during spawning
periods made up the majority of annual landingsSiEeAMAP-C project year. However
within recent years, minimum reported landings wabserved during spawning periods.
Throughout the SEAMAP-C sampling period, 5403 fighirips have been
reported with red hind landings data for the L&z Parguera) municipality of Puerto
Rico (Table 9). Fishing trips from these areasehavmprised 24% of the trips of the

south coast of Puerto Rico, but only 7% of totknd-wide reported fishing effort for red
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Table 9. Annual number of fishing trips reportedred hind Epinephel us guttatus)

per SEAMAP-C project year from the Lajas (La R&rm) municipality of Puerto Rico
combined, with breakdown of annual trips by paetegear type (HL=hand line;
TR=trap; SCUBA=spearfishing while SCUBA divingtH@r=other gear types) and
percent contribution to total fishing trips refmal for red hind for the south coast and
Puerto Rico.

Year Total Trips % TR % HL %SCUBA % Other % S Coast % All PR

1988/89 43 (16) 72.1 (50.0) 23.33.8%34 0.0 (0.0 47 (6.3) 225 @W6. 2.8 (3.7)
1989/90 102 (50) 94.1 (90.0) 5.90.0) 0.0 (0.0 00 (0.0) 171 &2. 3.8 (6.0
1990/91 268 (196) 56.7 (52.0) 39.2 2. 1.9 (2.6) 22 (26) 355 (50.8)9.7 (17.5)
1991/92 331 (192) 47.7 (32.8) 396 1p4. 24 (0.0) 103 (125) 294 (37.0)8.3 (14.5)
1992/93 112 (17) 732 (35.3) 26.8 .1p4 0.0 (0.0 00 (0.0)0 172 (89)39 (1.4)
1993/94 41 (18) 68.3 (38.9) 17.18.93 12.2 (16.7) 24 (5.6) 70 69. 17 (1.7)
1994/95 184 (150) 10.3 (12.7) 413 @0. 8.7 (10.0) 39.7 (27.3) 20.1 (28.2)6.4 (9.7)
1995/96 531 (91) 65.7 (44.0) 288 .129 0.6 (0.0 49 (26.4) 271 (17.7)88 (4.7)
1996/97 438 (200) 24.7 (3.0) 258 .@30 0.2 (0.5) 493 (66.5) 31.7 (38.6)7.0 (8.1)
1997/98 167 (31) 287 (32) 35310] 6.0 (12.9) 299 (129) 173 (9.8)3.0 (1.5
1998/99 369 (227) 24.1 (26.9) 48.0 €p2. 87 (35) 192 (7.0) 196 (27.5)5.0 (8.1)
1999/00 506 (318) 26.1 (24.5) 32.0 @9. 24 (2.5) 395 (34.0) 232 (29.9)59 (11.2)
2000/01 689 (256) 32.2 (23.0) 496 .@»7 25 (0.0) 15.7 (19.9) 287 (29.8)9.4 (9.8)
2001/02 504 (247) 349 (27.9) 385 .97 81 (0.8) 185 (13.4) 205 (26.4)6.5 (9.5
2002/03 955 (204) 13.0 (2.5) 77.2048 04 (0.5) 9.4 (16.7) 37.2 (39.312.6 (13.3)
2003/04 79 (42) 329 (28.6) 50.69.%5 101 (7.1) 6.3 (4.8) 8.9 @6. 26 (5.0
2004/05 24 Q) 42 (0.0) 6610Q.0) 0.0 (0.00 29.2 (0.0 4.7(0.7) 1.3 (0.3)
2005 60 0) 0.0 (0.0) 5.0(0.0) 86.7 (0.0) 8.3 (0.0) 21.40.0) 42  (0.0)

Total 5403 (2256) 34.1 (25.8) 43.7 (50.9)4.0 (2.2) 18.3 (21.1) 243 (28.2) 6.68.2)

hind. Annual contributions to total reported reddhfishing effort within Puerto Rico
during project years have been low, with annuat@miages of total effort being no
higher than 13%. Increases in the number of reddishing trips were observed
following the 1994/95 SEAMAP-C project year, butre/éound to plunge in recent
project years and spawning periods. Intensity amtily effort was similar to that
observed along the western platform, with pealstapcurring during January throughout

the period of study until the 2002/03 project yeRollowing the 1995/96 project year,
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increased trips during summer months were obsewid particular intensity within
July-August, and increased fishing effort during tall of the 2002/03 project year.

Within earlier project years, fishing effort wagndinated by trips associated with
trap fishing, while hook and line fishing efforsalplayed a key role. Contributions from
spearfishing with SCUBA and other gears were mihigaing this period of study.
Within later project years, decreases in the nurob&ips from trap fishing were
observed, while pronounced increases in hook auedttips relative to earlier
observations were found following the 2001/02 projear. Increases in the number of
trips associated with other gear types, primatrillyagnd trammel nets, were observed as
of the 1994/95 project year, but declined in regeatrs. Although low effort from
spearfishing with SCUBA was observed throughoutstiney period, spearfishing trips
made up the bulk of those reported during the 2000fect year.

Annual nominal CPUE (kg/trip) values within the nipality of Lajas (La
Parguera), Puerto Rico (Figure 21) were founddaiBcantly differ between project
years and spawning periods (p<0.05). No sequesigalficant differences in CPUE
were observed among project years until a sigmfidecrease was observed between the
1994/95 and 1995/96 project years to a value saamfly lower than all preceding
values. A significant increase in CPUE was obsgiering the 1997/98 project year,
following which little variation was observed undilsignificant decrease during the
2002/03 project year. Although this value was fbtmbe significantly lower than
values observed past the 1997/98 project yeamststill significantly higher than
minimum values found within 1995/96 and 1996/97jgubyears. A strong significant

increase was observed during the 2003/04 projext ya&lowed by significant decreases
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Figure 21. Annual average nominal CPUE (kg/trimd atandard error of red hind
(Epinephelus guttatus) from reported landings of Lajas (La Parguerajl emmbined
Cabo Rojo and Mayaguez municipalities of PuertmRper SEAMAP-C project year
and red hind spawning period. The dashed linegsept the time of enactment of the
seasonal closures.

in more recent project years to minimal values anvath those observed prior to the
2002/03 increase. While CPUE during spawning pisridosely paralleled that of
project years, significant spikes to values mugér than corresponding project year
CPUE were found to occur during the 1992/93 and/18®spawning periods. CPUE
during spawning periods was generally found to laegmally higher than within
corresponding project years.

Trends of Lajas (La Parguera) nominal CPUE stropghalleled those observed

within combined Cabo Rojo and Mayaguez municipaditiluring project years and
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Table 10. Annual number of port-sampled redilper SEAMAP-C project year and
red hind spawning period (in parenthesis) ftbmLajas (La Parguera) municipality
of Puerto Rico, with percent breakdown of indidals by gear type captured
(HL=hand line; TR=trap; SCUBA=spearfishing véeh$ CUBA diving; Other=other

gear types).

Year Total Red Hind %TR %HL %SCUBA %Other
1988/89 5 (0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 100.0 0fo.
1989/90 87 (27) 50.6 (77.8) 9.2 3.7) 0.0 (0.0) 40.2 (18.5)
1990/91 44 (11) 40.9 (18.2) 409 (81.8) 0.0 (0.0) 18.2 (0.0)
1991/92 35 (5) 62.9 (20.0) 25.7 (0.0) 0.0 (0.0) 11.4 (80.0)
1992/93 42 9) 95 (44.4) 0.0 (0.0) 0.0 (0.0) 90.5 (55.6)
1993/94 88 (30) 27.3 (10.0) 52.3 (90.0) 0.0 (0.0) 20.5 (0.0)
1994/95 10 (1) 90.0 (100.0) 0.0 (0.0) 0.0 (0.0) 10.0 (0.0)
1995/96 0 (0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 0.0)
1996/97 19 (0) 0.0 (0.0)100.0 (0.0) 0.0 (0.0) 0.0 j0.0
1997/98 5 (5) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 100.0 (1mo.
1998/99 78 (73) 2.6 (0.0) 859 (91.8) 0.0 (0.0) 115 (8.2)
1999/00 26 @a7) 34.6 (0.0) 65.4 (100.0) 0.0 (0.0) 0.0 (0.0
2000/01 34 (31) 5.9 (6.5) 70.6  (67.7) 29 (3.2 20.6 (22.6)
2001/02 318 (165) 0.3 (0.6) 9.67 (94.6) 0.0 (0.0) 20.1 (4.9
2002/03 72 (31) 0.0 (0.0) 75.0 (67.7) 0.0 (0.0) 25.0 (32.3)
2003/04 136 (94) 0.0 (0.0)69.1 (70.2) 0.0 (0.0 30.9 (29.8)
2004/05 21 (4) 4.8 (0.0) 95.2 (100.0) 0.0 (0.0) 0.0 J0.0
2005 8 (0) 0.0 (0.0) 01 (0.0) 0.0 (0.0) 0.0 (0.0
Total 1028  (503) 131  (7.0)  61.6(77.3) 0.1 (0.2) 25.2 (15.5)

spawning periods. When compared to Lajas (La Raegwalues, higher CPUE within

combined Cabo Rojo and Mayaguez municipalities etserved within project years

prior to the enactment of the closures off the wesist. However, little differentiation

between values was observed following enactmeanttta prominent 2003/04 increase

in CPUE was found within both regions. Apart frdoring the 1992/93 and 1997/98

spawning periods, lesser differentiation and sintilands were observed between

spawning period nominal CPUE of the two regions.

Throughout the SEAMAP-C sampling period, biostataédtdata for 1028 port-

sampled red hind were collected within the Lajas Flarguera) municipality of Puerto
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Rico (Table 10). During earlier project years, tremmpled individuals were captured by
traps or other gears, with few years of sizeabigrdautions from hook and line captures.
Within later project years, overwhelming contrilauts of samplings came from
individuals captured by hook and line, with miningahtributions from trap and
spearfishing captures, and moderate contributimr taptures from other gear types.
Red hind obtained during spawning periods madeddp df all sampled individuals.
Variations in the number of sampled individuals evebserved throughout the period of
study with minimal numbers sampled from 1994/957Y98 project years and spawning
periods, and increased numbers of observed indilsdn later samplings until large
declines in recent years.

Although little overall variation in the averagetgh of port-sampled red hind
from the municipality of Lajas (La Parguera) wasetved (Figure 22) during SEAMAP-
C project years, relationships between particulajget years were found to be
significant (p<0.05). Average lengths of the 19@BAnd 1997/98 project years were
found to be significantly higher than values with®89/90 and 1990/91 samplings.
Subsequent average length values during 2000/02/28@roject years were found to be
significantly lower than that of the 1997/98 prdjgear, and average length of the
2003/04 project year was found to be significahtbher than values of the 1989/90,
1990/91, 1992/93, and 2001/02 project years. Tehding spawning periods closely
followed those of project years, with annual sigraiht differences observed between the
average length value of the 1992/93 spawning permativalues of 1993/94, 1998/99,

and 2003/04 spawning periods, between averagehleofthe 1998/99 spawning period
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Figure 22. Annual average length and standard efne@d hind Epinephelus
guttatus) from port samplings of Lajas (La Parguera), amohisined Cabo Rojo and
Mayaguez municipalities of Puerto Rico per SEAMARGject year and red hind
spawning period. The dashed lines representitie af enactment of the seasonal
closures.

and 1989/90, 2000/01-2002/03 spawning periodspahdeen values of the 2000/01 and
2003/04 spawning periods.

Prior to the enactment of the closures off thetweast, little differentiation was
observed between corresponding annual averagenkeogtndividuals sampled within
the municipality of Lajas (La Parguera) and thasenfthe combined Cabo Rojo and
Mayaguez municipalities during project years amalspng periods. However,
individuals from Lajas (La Parguera) were genertlynd to be marginally larger.

Following enactment of the closures, greater maigiifferentiation in average length
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was observed between the two regions, but oveesltis remained similar. Larger
individuals were observed within the combined CRiogo and Mayaguez region than

within Lajas (La Parguera) during later projectrgea
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DISCUSSION

The degree of response of populations to enactstiiids has been shown to
result from a complex interaction of multiple factahat include the initial state of the
population, natural variations in recruitment datexl to current patterns and larval
settlement dynamics, dispersal of individuals id ant of protected areas, and the
relation of closed areas to total spawning areaesé& natural factors, together with
fishery related components including past fishmgmsity, spatial and temporal response
of fishermen to closures, and general effectivenéssforcement, greatly influence the
effectiveness of closures upon populations (Saiechi2000). Therefore, proper
monitoring of their effectiveness, and overall urstignding of population response,
requires the use of a variety of data sourceshdrcase of the red hind population of
Puerto Rico, fishery-independent and dependenttaata been collected throughout the
periods leading up to and following the enactmérthiiee closures along the western
platform of Puerto Rico. Although neither dataledtion strategy was designed to
specifically test for the impact of closure, avai@atrends of measured parameters within
both datasets proved highly useful in evaluatirggdberall effectiveness of the closures
upon the Puerto Rico red hind population.

As of 1993, th& ourmaline region of the western insular platform of PuertoRi
has been seasonally closed to red hind fishinghdugpawning events (Dec 1-Feb 28).
Redefinition of this area occurred in 1996, with #ddition of seasonal closures during
red hind spawning events within tBajo de Cico andAbrir la Serra regions of the
platform. Trends in CPUE, length frequencies, sexiratios of sampled individuals

within fishery-dependent and independent data stgddhat, following a period of
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declines in all parameters, an initial positivepm@sse of the population was observed
after the enactment of the closures.

Increased fishery-independent CPUE was found with#Bajo de Cico and
Abrir la Serra regions immediately following enactment during #897/98 project year
and spawning period, as well as within the unptetkcegions of the western platform
during the 1997/98 project year, and to a lessemgxiuring the spawning period. This
increase is thought to be an initial response efréd hind population to the closures.
While seasonally protected sites were targetedftegsently during the 1997/98 project
year in comparison to some previous project ydittle, deviation in overall sampling
strategy and sampling effort throughout the entiestern platform was observed.
However, within thélourmaline region, no overall difference in very low CPUE ahgi
project years or spawning periods was observedvitig the 1993 or 1996 closures.
These differences may result from the fact thabhisally theTourmaline region of the
western platform has been subject to higher fispmegsure due to its greater coastal
proximity, location nearby the northwestern terniima of the insular shelf, and
favorable habitat for red hind spawning activity=(@C, 1996; Appeldoorn, personal
communication). Fish trap surveys confirm fishinde greater a&ourmaline relative to
Abrir la Serra (Marshaket al., unpublished trap survey data). Thus, the madaiand
extent of fishing at and arouff@urmaline may have been sufficient to have prevented
the population from responding to a detectablelleve

The increases in CPUE observed immediately follgvalosure were
accompanied by changes in length-frequency angegrtion data. Relative to

observations during the 1994/95 sampling perio®,7198 length frequency data showed
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substantial increases in the abundance of 250-280~mindividuals (ages 4-5), with
relatively similar numbers of smaller individualBuring the 1997/98 project year,
complementary proportional increases in age 5-67abd individuals were also observed
relative to the 1993/94-1995/96 project years,aoptoportional decrease in the number
of age 0-2 individuals, and no increase in the nemal age 3-4 individuals were also
found. These increases in the abundance of predonty older females were
responsible for the observed initial post-enactnsegrtificant increase in average length.
Due to the bulk of increase being observed witemdles, and likely continual fishing
pressure upon larger males, little increase iratlerage proportion of males was
observed. Although studies have attributed in@eas CPUE to natural recruitment
events (Hearet al., 2005; Kevrekidis and Thessalou-Legaki, 20069, findings of this
study suggest that increased recruitment of youimgkriduals was not the driving factor
in the initial increase of CPUE throughout the faah following enactment of the
closures. Therefore, given the later increasesrobd within older, sexually mature
cohorts which would have been protected durindl8®6/97 spawning period, there
exists strongly implied evidence of a post-enactnm@hal response to the closures.
While observed population responses to closurgamiither studies have generally not
been as immediate (Russ and Acala, 1999; BeetBragldnder, 1998; Nemeth, 2005),
the initial observed response within this study rbaydue to several factors.
Fishery-independent data showed that, prior touctyshe densities of red hind
were concentrated withiBajo de Cico, and to a lesser extent withiorir la Serra,
which was where fishing was concentrated (CFMC 6)98ith a large proportion of

fishing effort occurring during the spawning periotherefore, initial closure may have
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resulted in a pronounced reduction in fishing puesss there was little deviation in
observed spatial and temporal fishing patternd aftér the spawning events of 1996/97.
This reduction in fishing pressure may have allofaech faster response throughout the
western platform.

Factors such as increases in abundance, increaaesrage size, and the
movement of fish between protected areas and uegient areas across the shelf may
have contributed to this shelf-wide response in EPGenerally, female red hind
migrate from unprotected regions further inshorbdth seasonally protected and
unprotected spawning aggregation sites, with horbettavior and site fidelity
previously observed in the Puerto Rican stock (Rosand Figuerola, 2001; Sabat,
2001). Previous tagging studies have demonstthtethagnitude of pre and post-
spawning migrations from spawning sites into oplatform regions during non-
spawning periods, with movements as far as 24 knglrecorded along the western
platform (Rosario and Figuerola, 2001). Passagedi¥iduals protected during the
1996/97 spawning period into unprotected regiomsduhe 1997/98 sampling periods
is likely to have occurred, and have contributeth®observed increase in CPUE
throughout the platform.

Contributing to this increase in CPUE would beitierease in average size of
individual fish. On average, larger individualsggominantly females) were observed
within unprotected regions of the platform thanhwmtseasonally protected areas during
most project years, albeit in low abundance. Haxgethis disparity between areas was
greatly reduced during spawning periods. Thederéifices, again, may be indicative of

larger sized individuals leaving seasonally pradareas following spawning activity.
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Dramatic increases in fishing trips were obsen&dfahe 1997/98 project year
and spawning period. Assuming that fishers codpdraith the seasonal closures,
fishing during the spawning period was likely caomitated within unprotected platform
edge regions, where spawning activity is knownlso accur (Ojeda-Serraraal.,

2007). However, the bulk of fishing activity iretlyears following the enactment was
observed to occur during non-spawning periodsnduihich seasonally protected and
unprotected areas were likely targeted in muchdngifforts than in previous years, with
fishermen altering their strategy to compensateifemewly enacted management
regulations. Increased fishing effort followingaetment of the closures was observed
during summer months, but also during later falhthe when red hind tend to amass in
preparation for spawning activity, well ahead & tinset of the closed season. This shift
in fishing strategy was likely the cause of obsdrsebsequent decreases of fishery-
independent CPUE within later project years, armhpunced decreases in CPUE to near
minimal values during spawning periods, in seadpmabtected and unprotected sites.
Russ and Alcala (1999) have commented upon thigyatailfish down biomass relatively
quickly in contrast to any slower increases in asmsover time.

Trends in nominal (fishery-dependent) and standatd{SEAMAP-C) CPUE
departed after closure. Nominal CPUE did not stieeypronounced increase and
subsequent decrease observed with the SEAMAP-C aladavas found to increase in
later years, especially within hooked lines. Aligh nominal CPUE is limited as a direct
indicator of abundance (Walters, 2003; Maurdea., 2006), its use with fishery-
independent catch data, together with observatiofishing effort can serve to

characterize the behavior of the fishery. Chamgdéise behavior of the fishery may
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explain the observed differences in CPUE betweertio data sets. The lack of
increase in nominal CPUE immediately after clossithought to be due to the loss to
the fishery of the known spawning aggregationscadntrast, the subsequent changes in
fishing behavior in response to the closure wouldan the sustained catch levels over
time and subsequent increases (while CPUE from SERM data showed a steady
decline). These changes include shifting fishifigreto previously under targeted
regions, proportional shifts in gear contributidrean traps to hooked lines and
spearfishing (with SCUBA), and increased use of@ldositioning Systems (GPS) to
locate and target red hind found within previoushglerfished regions. Also supporting
the initial nominal CPUE trends are the previousntioned dispersal of fishes from
protected areas, and potentially the breakdowmygfegjations in protected areas
(particularlyTourmaline) and their reformationsénsu Aguilar-Perera 2007) within
previously under targeted areas. Later increasaeminal CPUE, particularly the
2003/04 sampling period, were likely due to discmseof other previously unknown and
less frequently targeted concentrations of oldériad, including other spawning
aggregations (Ojeda-Serradal., 2007), that may not have been randomly sampled
during SEAMAP-C data collections. A recruitmentgauduring the 2003/04 project year
is unlikely, due to low observations of youngertpgampled individuals, and
proportional increases within older cohorts.

Within previous studies, increases in averagelsae served as indicators of the
effectiveness of marine protected areas and seladosares (Beets and Frielander,
1998; Chiapponet al., 2000; Nemeth, 2005), and such an increase dftenre was

initially observed in this study. However, thidesit was short-lived; as fishing effort
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increased in response to the closures, proportmrdributions of age 7-10 year
individuals were observed to decline, resultingyumcated length-frequency
distributions. In later years, observations frashéry-independent and dependent
length-frequency data revealed increases in avéeaggh to be the result of low
numbers of recruiting individuals, with proportidigehigher contributions of remaining
older individuals. Trends within sexes supporstheonclusions.

Females were generally observed at an overwhelgngrglater abundance than
males following enactment of the closure. Relatorgears of similar catch, little
differentiation in the total proportion of males,oportion of males per sampling event,
was observed during the 1997/98 project year. maahidifferentiation in the proportion
of males was observed within the project yearsithatediately followed. Further trends
are difficult to interpret as sex ratio representsalance between fishing mortality rate,
rate of recruitment (of females) and the factofsaing the rate of sex change. In later
years, larger males were clearly disappearing fizrpopulation. Declines in the
number of males puts increased pressure on fermatd®nge sex, and previous studies
have suggested that females assess sex ratiog dpawning events, and time sex
changes as a result of their observations (Shapaio 1994). Thus, increased numbers
of females may have been changing sex to keep thpfisining pressure, and maintain
sex proportions. Alternatively, limited recruitmeri smaller females was occurring, and
this may put pressure on females to prolong sergda

In summary, observations in more recent years afmal CPUE, and low
numbers of recruiting individuals sufficient to sauan increase in average length at a

time when large males were being removed from tplation, indicate the presence of

72



a severely unhealthy stock. The Puerto Rico rad kiock has previously been
identified as growth- and recruitment-overfishedd®vy and Figuerola, 1992), and these
findings confirm that this status has continued] patentially worsened as a
consequence of the significant increases in fiskifgrt that have occurred since closure.
Overall, similarities in trends between the wes@atform and Lajas (La
Parguera) reconfirm the overall low effectivenefsthe closures upon the western
platform, particularly within recent project yeansd spawning periods. When trends of
fishery-dependent data between both regions wargpared, highly similar trends of
nominal CPUE were observed. Decreases in CPUBglproject years and spawning
periods leading up to the enactment of the closwese found in both datasets, but
pronounced periods of high CPUE were observed witie Lajas (La Parguera) region
during spawning periods. Interestingly, during #887/98 project year and spawning
period, increases in CPUE were observed in thesl@ja Parguera) region. This is
likely to be coincidental to the west coast closurewever, especially considering the
low numbers of individuals observed during port-pnys. Sharp increases in CPUE
during the 2003/04 project year and spawning pesiece observed within both regions.
As on the west coast, this trend off of Lajas meaylbe the areal expansion of the fishery
as traditional aggregationsEtHoyo andLa Laja collapsed. Strong similarities in the
average size of port-sampled individuals betweenatéstern platform and Lajas (La
Parguera) region suggest that the recruitmentdions evident in length-frequency data
from the western platform may also be prevalerdughout the southwestern platform.
Although the closures initially limited furtherpia decline of the Puerto Rico red

hind population, the stock continues to remainaordorm. In light of the limited
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response observed within the Puerto Rico red hamliation, it is important to put in
perspective the causative factors that inhibitediding-term effectiveness of the seasonal
closures. Within Puerto Rico, seasonal closures wely put forth within three 3x3
nautical mile areas along the western platformusri® Rico, leaving a large amount of
red hind habitat open for fishing during spawnirgi@ds. Ojeda-Serrared al. (2007)
confirmed that fishing takes place within unprogecshelf edge regions along the
western platform during spawning periods, and #dalitional spawning areas are
common. Following enactment of the seasonal cessypronounced increases in fishing
effort, particularly during the non-closure periegere observed, and these may have
overrode any positive impacts that the seasonalicds may have produced.

Initially following the enactment of the closures) assessment of the red hind
population of the western platform was performedshpat (2001), who observed
increased average lengths of sampled individuats adso suggested early effectiveness
of the closures. Although monitoring of the effeehess of these closures following this
assessment by regulating agencies (i.e. NOAA-CFRREDRNA) had been performed,
limited change in management enabled further ostarfg of the resource. Not until
recently were further restrictions in fishing effenacted. Not only have these been in
effect only as of the 2007 spawning period, theyret supported by the fishermen, who
in protest, openly fish in violation of the regudats (PR DRNA, 2007; NOAA-NMFS,
2007). Although recent studies have addressestéttes of red hind within Puerto Rico
(Matos-Caraball@t al. 2006), their analyses have only been performech &land wide
spatial scale, with little year to year identificat of trends within the western platform.

Trends of substantial increases in fishing efftohg the western platform should have
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been identified quickly, and quickly communicatedrianagement agencies, so that
appropriate responses to unhealthy fishing praxtoeld have been effectively made.
In addition, more thorough fishery-independent slamgps warranted, especially within
protected areas. Following the enactment of theuwrks, pronounced decreases in
sampling intensities were observed witidorir la Serra, Bajo de Cico, andTourmaline
regions of the western platform, especially duspgwning periods. Ideally, sampling
strategies should be amended to include more freg@ssessments of these regions,
throughout project years. Current SEAMAP-C sangphmethods are destructive due to
the mortality of most captured fishes (Rosario,83ppeldoorn, personal
communication), and increased samplings, togetlitera@mmercial fishing practices,
could affect the response of the population towies. However, attempts to modify
SEAMAP-C methods in order to mitigate sampling asstled mortality (e.g. use of
holding tanks to keep captured specimens alive)llshbe attempted in order to increase
samplings, with minimal effect upon the population.

A seasonal closure within the USVI Red Hind Bamith a subsequent permanent
closure with the larger Marine Conservation Dist(MCD), served as a model for the
seasonal closures in Puerto Rico. Initially, ea@rignounced decreases in recruitment
within the USVI stock served as a major impetuscfosure (Appeldooret al., 1992).

As of the 1990 spawning period at the Hind BanketB@nd Friedlander (1998) observed
an increase in average size of 10 cm and a dedreasg ratio of females to males of
15:1 to 4:1. Observations of length frequencyritigtions confirmed the presence of
recurring recruitment pulses. Five years aftempenanent closure, maximum total

length was found to increase by 7 cm, and subsiantireases in average density and
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biomass, and maximum spawning density were obséNetheth, 2005). Due to the
limited available habitat for spawning along thatfurm surrounding the US Virgin
Islands, and limited knowledge of other areas ghlyi concentrated red hind
aggregations by fishermen, it would appear tharger proportion of the spawning stock
was initially protected during the seasonal closuvéhen compared to the management
strategy in Puerto Rico.

While it is unknown what proportion of the spawnstgck remains outside of the
permanently protected area, red hind densitiesguron-spawning periods have been
observed to be higher in regions outside of the Mkdh within (Nemeth and Quandt,
2005), and many individuals tagged during spawengnts within the MCD have been
recaptured at sizeable distances from the protects ranging from coral reef habitat
no more than 1.5 to 6 km from the protected aresstmuch as 15-33 km to the west
(Nemeth, 2005). Although fishermen remained abl@atget red hind as they migrated
from the closed area immediately following spawnpegiods, a high proportion
remained protected during spawning events, andingiiten of the area into a permanent
closure ensured more complete protection of thekstnd greatly decreased probability
of capture as individuals dispersed from the MCI@r{i¢th, 2005).

In contrast, within Puerto Rico numerous areas men&ined open, and less of a
dilution of fishing intensity could be observed givthe flood of fishing effort observed
following enactment of the closures. Also, givea aipparently higher degree of
cooperation of fishermen in permitting the impletagion of the permanent closure
(Nemeth, 2005), it would appear that a less pronedmesponse in fishing effort was

observed within the US Virgin Islands following etraent. Despite similar distances
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(=12 km) from shoreline to protected area, the reuglea conditions within the MCD
may serve to discourage fishing efforts of complaratiensities to those observed within
the Puerto Rican protected areas along the calemvard side of the island. Although,
significant fishing effort is still observed withMCD surrounding waters (Nemeth,
personal communication). Little information is dahble regarding the degree of
enforcement observed within the MCD, but Riveragpeal communication)

commented upon the large number of traps foundinvitite MCD while mapping

benthic habitat using a towed sidescan sonar. Meryvéhese were found to be dispersed
and not particularly targeting the spawning siéemeth (personal communication)
commented that the high frequency of scientistsitaong the red hind population

within the MCD serves as a strong deterrent to peac Although the known presence
of scientific observers together with already pnésegal enforcers appears to be a factor
in regulating compliance, he noted that poachirtyi# has still been observed. In
comparison, the low level of enforcement of fishexgulations within Puerto Rico has
been detailed (Kimmel and Appeldoorn, 1992). Tfwes given the low level of
voluntary cooperation observed in both regionsi@dased monitoring by law enforcers
and continued presence of scientists within pretkereas can complementarily serve to
regulate compliance.

The importance of marine protected areas in caunting to increased biomass,
spawning stock, recruitment, and overall healtmafine populations has been
documented in numerous studies (Retsd., 1992; Slukaet al., 1997; Chaipponet al.,
2000). However, of key importance, as illustratethin this study, is the protection of a

significant proportion of individuals as relatednb@vement patterns, the distribution of
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essential habitat and the potential response loéfiraen, none of which was assessed
when implementing this management strategy fortBueico. Shifts in fishing strategy
often accompany the enactment of marine proteaeabawith fishers congregating near
borders of no-take zones, or increasing fishingrefh other regions (McClanahan and
Kaunda-Arara, 1996; Walters, 1999). Within Puéttco, increased intensity of fishing
within unprotected regions of presumed spawninyigtand significantly higher

fishing pressure during non-spawning periods withoth protected and unprotected
areas, dictates that shifts in fishing strategsea eesult of enacted regulations must be
considered in further management plans, and sugtgestimplementation of further
restrictions upon fishing pressure are necessaltjough the initial 2004 state water and
modified 2007 island-wide spawning season bansappemising for the future of local
red hind, further restrictions of fishing effortrthg the non-spawning period appear to be
necessary. The addition of several permanent @desalong the western platform may
become a further necessary restriction of fishifigre Overall, given the initial

response of the red hind population to the closuhesfindings suggest that the recovery
of this species in Puerto Rico may be possiblestadk rebuilding will require longer
time frames, additional restrictions upon fishimggsure, and stricter enforcement of
regulations. Continued monitoring, more completgqrtion of the stock, and increased
public cooperation will hopefully work towards sagiand restoring red hind within

Puerto Rican waters.
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