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ABSTRACT: A 1 yr survey of shrimps in Laguna Joyuda, Puerto k c o , yielded 4 Penaeus spp.: P. notialis
(47 % of identified Penaeus spp.), P. subtilis (45 %), P. braslliensis (7 ?h),and P. schrnitti (1 %). Many of
the shrimps collected were small juveniles (3 to 8 mm CL), but only 10 postlarvae were collected inside
the lagoon. Recruitment occurred year-round, but hghest numbers of P. subtilis were collected in the
dry season and total catch was positively correlated with salinity. Two maxima in abundance were
observed for P. notialis, with evidence for large annual variation in recruitment and stock size. Spatial
variation in the total number of shrimp collected appeared to be related to sediment types or food
availability. P. subtilis was associated with the more muddy stations, but there was broad overlap in the
abundance of the 4 species, and only weak indication of partitioning in space and time.

INTRODUCTION
Many crustaceans are sought in world fisheries, but
the most important are the tropical and subtropical
shrimps belonging to the family Penaeidae. There is a
vast literature on the penaeids of North America, and
a rapidly growing knowledge of Australian species
(see reviews in Garcia & Le Reste 1981, Gulland &
Rothschild 1984). All of the Penaeus spp., which make
up the bulk of the fisheries, are believed to have similar
life histories, with demersal eggs spawned in offshore
waters on island and continental shelves. Penaeid postlarvae a m v e in nearshore inlets and estuaries at about
6 to 12 mm in length (Baxter 1962, Tabb et al. 1962,
Khandker 1969) and are adapted to using flood tides to
move into estuarine habitats (Copeland & Truitt 1965,
Duronslet et al. 1972, Young & Carpenter 1977, Staples
1980). The well-established importance of estuarine
habitats as nurseries for Penaeus spp. (Kutkuhn 1966,
Parker 1970, Edwards 1978) is believed to be related to
high s u ~ v o r s h i pof juvenile shrimps promoted by
abundance of protective cover and high concentrations
of food in brackish water habitats (Hoese 1960, Barrett
& Gillespie 1973, Zimmerman et al. 1984). After 2 to
4 mo of growth in the estuarine nurseries, subadult
penaeids emigrate to offshore shelf areas to spawn.
There are 4 Penaeus spp. in the Caribbean region: P.
brasiliensis, P. notialis, P. schmitti, and P, subtilis.
Although all of these species are major contributors to
O Inter-Research/Printed in F. R. Germany

the world shrimp catch (Ewald 1969, Neiva 1969, Nikolic & Ruiz 1969, Lindner 1971), very little is known
about the biology and ecology of these and other tropical Penaeus spp. Exploratory sampling of commercial
shrimps in Puerto Rico (Stoner uopub!.) sugsested that
the shrin~psare abundant where there are major estuarine and wetland habitats. Laguna Joyuda is an ideal
habitat in which to study shrimp population dynamics
and productivity because of its single narrow inlet, and
because shrimp are abundant and unfished in the
lagoon basin.
Here, I describe the nursery use of a highly-productive lagoon in Puerto Rico by 4 sympatric Penaeus spp.,
their immigration patterns, seasonal cycles, and distributional patterns within the lagoon. This study is part
of a continuing, long-term, multidisciplinary analysis of
the Laguna Joyuda ecosystem in which Penaeus
species play a n important role.

METHODS AND MATERIALS
Laguna Joyuda (Fig. 1) is a shallow, brackish-water
basin on the west coast of Puerto Rico (18" 07' N,
67" 11' W). Total surface area of the lagoon is 1.21 km2
in a total drainage area of 5.95 km2 (Carvajal-Zamora
et al. 1980). Average depth is 1.5 m. One narrow
channel 0.5 km long and averaging 0.5 m deep represents the only connection to the Puerto RICOshelf. Tidal
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67' 11'

Fig. 1. The Laguna Joyuda system in western Puerto k c o
showing the shrimp collection sites

range inside the lagoon is 15 cm and turnover time is
long.
Lagoon sediments are mostly fine muds and shell
fragments with very high organic content derived from
red, white, and black mangroves which fringe 75 O/O of
the shoreline. Small patches of the seagrasses
Thalassia testudinurn and Ruppia rnaritima exist in the
lagoon, but most of the bottom is unvegetated. The
lagoon is polyhaline with a long-term salinity range of
4 to 44 ppt, depending upon precipitation a n d degree
of channel closure (Stoner & Lopez 1985). Except
during high rainfall events, there is little vertical or

lonqitudinal variation in water column temperature or
salinity.
Human activity in the drainage basin is slight, consisting mostly of small private residences and pasture
for cattle on the rolling, grass-covered hillside. Despite
its small size, the lagoon supports a relatively productive fishery, primarily in the form of gill-netting for a
variety of fishes. Shrimps are fished only in the lagoon's
channel with simple weirs and cast nets at night; therefore, shrimp populations in the basin are free from
fishing mortality.
For the present study, shrimp collections were made
at 5 stations in Laguna Joyuda between August 1984
and August 1985 (Fig. 1). The stations represent the
major bottom types in the lagoon as well as various
distances from the inlet. Station characteristics are
summarized in Table 1. Water quality measures were
made at each station and date of biological collections.
Surface and bottom waters, collected with a Kemmerer
bottle, were measured for temperature and for salinity
with a refractometer. Dissolved oxygen was measured
at the surface and near the bottom with an air-calibrated oxygen probe (Yellow Springs Instruments).
Depth was measured with a lead Line marked in 10 cm
intervals.
Sediments were collected at the 5 stations using a
coring device of 8 cm diameter. A subsample of the
upper 5 cm of freshly collected individual cores was
dried to constant mass at 80 'C,then incinerated at
550 "C for 4 h to determine organic content. After
washing to remove salts and to extract the silt-clay
fraction, another sediment subsample of approximately
50 g was analysed for granulometric properties using
standard Ro-Tap procedures. Silt-clay fractions were
analysed using standard pipet procedures (Folk 1966).
Product moment statistics were generated for mean

Table 1 Summary of physical and sedimentological characteristics at 5 stations in Laguna Joyuda, Puerto &CO,1984-85. Values
are mean
standard deviation. Reference to detrltus indicates macroscopic particles retalned on a 0.5 mm mesh screen

+

Station

Salinity
(?!W,]

n = 17

Dissolved
oxygen (mg 1 '1
n= l l

1

24

2

24 2 6

+09
6.7 + 1.0

3

24 i 6

6.8 t 0.9

4

23 i 8

6.1 i 0.9

5

25 t 5

5.8 t 1 2

+5

6.5

n = 15 for Stns 1 , 3 and 5; n = 3 for Stns 2 and 4

Depth
(m)
n = 17

Sediments
Description
Organics'
Mean grain
(% of dry wt) diameter (8)
n=2

1.2 5 0.1

13.1 _t 5.6

0.99 t 0 18

+ 0.2

13.8 i 2.7

1.20

1 3 _+ 0.3

21.4 t6.5

1.69 t 0 22

16.2 i 5.2

1.38 4 0.35

17 6 t 1.3

4.23

1.4

+ 0.3
1.5 + 0.2
1.6

+ 0.27

+ 0.63

Shelly mud, high detritus
Medium sand, low detritus
Shelly mud, high detritus
Shelly mud, moderate
detritus
Coarse mud, low detntus
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grain size. In most cases, organic content was determined at least monthly, while grain size determinations
were made once in the wet season and once in the dry
season.
Shrimps were collected with a 5 m semi-balloon,
otter trawl with 2.5 cm mesh wings and body and a
5 mm cod-end liner. The inefficiency of estimating
shrimp standing stocks with trawl gear is recognized
(Zimmerman et al. 1984); however, the otter trawl represents the most practical gear for collecting large
numbers of shiimp with replication where water depth
and very soft sediments preclude other methods. Replicate trawls were made at each station, towing the net
with a small skiff at 2.5 kn a standard distance of 70 m.
Preliminary collections were made in the lagoon to
determine the optimal time of day for sampling. Four
sets of daytime trawl collections made in August and
September 1984 yielded no shrimp, while shrimp were
abundant in night collections. More systematic sampling of shrimps through 24 h periods in February and
August 1987 showed insignificant variation in catch
per unit effort of Penaeus notialis, P. subtilis, and P.
brasiliensis throughout the darkness hours, regardless
of tidal state or date (Stoner unpubl.). Low numbers of
P. schrnitti precluded making any conclusions about its
catchability patterns. Night collections yielded nearly
6 times as many shrimp per unit effort as daytime
collections; consequently, all collections for the survey
were made at least l h after sunset.
Because of known movement of shrimps to and from
the lagoon on a lunar periodicity (Stoner 1985), trawl
collections were made to determine the optimal time of
collection during any one lunar month. Between 20
Aug and 20 Sep 1984, 10 replicate trawl collections
were made during darkness hours at weekly intervals
on each of the 4 moon phases at Stns 1 and 4. The
results indicated that 6 replicates would be sufficient to
reach a stable mean number of shrimp captured, as
well a s a n asymptotic number of fish and shrimp
species per unit effort. Highest numbers of shrimp were
collected during the last quarter of the moon; consequently, all subsequent trawl collections were made at
night on the last quarter of the moon, using 6 replicate
hauls at each of the 5 stations.
Shrimps were preserved in 10 % formaldehyde
diluted with lagoon water and returned to the laboratory for examination. All shrimps were identified to
species when possible, sex was determined, a n d each
was measured for carapace length (CL).The identification of juvenile Penaeus to species is difficult and timeconsuming. Generally, specimens smaller than 6 to
8 mm CL were classified as Penaeus juveniles because
of the very close taxonomic relationships of the species
and because of the lack of distinct species characteristics (all collected were of the grooved variety, i.e.
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Penaeus notialis, P. subtilis, and P. brasdiensis). Juveniles larger than 8 mm were identified according to the
characters outlined by Perez-Farfante (1970).
To evaluate spatial and temporal variation for the
dominant shrimp species 3-way ANOVA procedures
were applied to abundance data (Sokal & Rohlf 1969).
When Bartlett's test indicated heterogeneity of group
variances, loglo transformations of the count data were
made.
In addition to the otter trawl collections, a 1.6 m
beam trawl with 1.0 mm mesh to the design of Renfro
(1963) was deployed each month to collect shrimp
postlarvae. The small trawl was towed 50 m between
2 floats at each station before the otter trawl was
deployed. The year-long survey yielded only 10
Penaeus postlarvae, distributed over all of the 5 stations, and no further analysis will be reported here.

RESULTS
Station characteristics
There were no significant differences in salinity or
temperature among the stations (ANOVA, p > 0.05).
Salinity ranged from 14 to 30 ppt during the study
period, with mean salinity values between 23 a n d
24 ppt at all stations. Lagoon salinity was lowest (14 to
15 ppt) between September and November and was
h g h e s t in August of both 1984 and 1985 (Fig. 2). Water

A S O N D J F M A M J J A
Month
Fig. 2. Bottom water temperature and salinity in the Laguna
Joyuda, 1984-1985. Temperatures (0) shown are means and
ranges of temperatures observed at the 5 collection sites.
Salinity values ( A ) showed little spatial variation throughout
the sampling period

temperature was lowest in January and February (25 to
26°C) a n d highest in August and September (29 to
31 "C) (Fig. 2). Although dissolved oxygen levels in the
lagoon were normally close to saturation, absolute oxygen concentrations were lower at Stns 4 and 5 than at
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Stns 1, 2, and 3 (ANOVA and Duncan's multiple range,
test, p < 0.005). Water depth was significantly less at
Stn 1 (mean = 1.2 m) than at the other stations (1.4 to
1.7 m) (ANOVA, p < 0.05); however, all of the stations
had some slope in the bottom over which trawls were
made and it is unlikely that the depth of Stn 1 was a
major factor determining the differences in shrimp
fauna found there.
Sediment characteristics constituted the greatest
physical variation in the sampling stations (Table 1).
Sediment organic content differed significantly among
stations (ANOVA, p < 0.05) with highest levels at Stn 3
(21 %) and approximately equal and lowest organic
content at Stns 1 and 2 (13 to 14 %). Sediments at Stns 4
and 5 were intermediate in organic content, but pairwise statistical comparisons were not made because of
large differences in number of samples.

Table 3. Results of 3-way analysis of vanance of the number of
shrimp collected per trawl sample Da:a were log-transformed

Shrimp populations
Four Penaeus spp. were collected in Laguna Joyuda,
of which P. notialis and P. subtilis together comprised
over 92 % of the identified specimens in approximately
equal numbers (Table 2). P. brasiliensis accounted for
Table 2. Penaeus spp. Total numbers collected in Laguna
Joyuda, 1984-85
Species

Penaeus notiahs

Penaeus subkhs

Penaeus brasAensis

Penaeus schmitti

Sex

Total
collected

Percent
8 or P

6
P

336
363
-

48.1
51.9

Total

699

100.0

c?

P

299
367

44.9
55.1

Total

666

100.0

d
2

69
34

67.0
33.0

Total

103

100.0

8
6

57.1
42.9

14

100.0

472
420
53
945

50.0
44.0
5.6
100.0

d
P

Total
Penaeus juveniles

6

P
Undet.
Total

p > 0.1), P. schmitti (X2 = 0.29, p > 0.1), or Penaeus
juveniles ( X 2 = 3.03, p > 0.05). Females were significantly more abundant than males in P. subtdls (X2 =
6.94, p < 0.01), but less abundant in P. brasihensis (X2 =
11.89, p < 0.005). When sex ratio patterns were
examined at individual stations for P. notialis and P.
subtilis, results were the same as those found over all
stations except that P. subtilis showed no significant
variation from a l : l sex ratio at Stns 2 and 4 (p > 0.05).
Other species were captured in too few numbers to
examlne differences at individual stations.
Three-way ANOVA of shrimp abundance data
between stations, dates, and the 3 most abundant
species showed significant interaction effects (p
< 0.001) for all combinations of factors using log-transformed data (Table 3). Because Penaeus brasiliensis

7.0 O/O of the total collection, and P. schmitti accounted
for only 0.9 % of the collection. Unidentified juveniles,
mostly 3 to 8 mm CL, made up 39 o/" of the total collection.
Sex ratios were not significantly different from 1 : l
in 3 of the 5 categories: Penaeus notialis (X2 = 1.04,

Source
Species
Station
Date
Species X Station
Species X Date
Station X Date
Specles X Station
Error

df

X

Date

MS

F

2 46.871 233.82
4 10.542 51.591
11 2.770 13.817
8
2.964 14.785
22
1.902
9.488
44
0.613
3.059
88
0.380
1.898
900
0.200

P
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

abundances were low throughout the area, the 3-way
ANOVA was also run including only P. notialis and P.
subtilis; all interaction terms were significant as in the
3-species model.
The observed spatial differences in the Penaeus community are related to differences in the relative abundance of the most abundant species (Table 4). Stations
in the northern arms of the lagoon (Stns 4 and 5) were
characterized by low relative abundance of P. notialis
(25 to 27 O/O of total numbers) and high relative abundances of P. subtilis (63 to 69 %). More open areas of
the lagoon (Stns 1, 2, and 3) had higher relative abundances of P. notialis (47 to 57 %). Eleven of the 14 P.
schmitti were collected at Stn 5.
One-way ANOVA with log-transformed data ( F =
79.49, p < 0.001) also indicated significant station
effects on the total number of shrimps captured. Stn 1
ylelded significantly higher numbers of shrimp than all
other stations (p < 0.005), while Stns 2, 3, and 4 yielded
similar catches, and Stn 5 yielded lower numbers than
any other station (Duncan's multiple range test; p <
0.005).
The seasonal abundance patterns for total shrimp
collected were most pronounced near the lagoon's inlet
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Table 4. Penaeus spp. Comparison of shrimp communities at 5 stations in Laguna Joyuda. 1984-85. Numbers for individual
species are total numbers collected and (in parentheses) percent of total catch, excluding juveniles; 72 trawl samples were taken
at each station
Station

Species
2

3
125 (47.0)
120 (45.1)
21 (7.9)

Penaeus notialis
Penaeus subtilis
Penaeus brasiliensis
Penaeus schmitti
Penaeus juveniles

280 (57.5)
162 (33.3)
43 (8.8)
2 (0.4)
499 (50.6)

129 (54.2)
l05 (44 1)
4 (1 7)

Total no.

986

303

34
85
5
11
58

437

372

193

-

65 (21.4)

(Stn 1) with little concordance among stations (Fig. 3).
This concurs with the significant station-month
interaction term in the 3-way ANOVA. Mean numbers
of individuals collected per trawl varied by a factor of

I

171 (39.1)

66 (26.5)
172 (68.5)
12 (4.8)
1 (0.4)
121 (32.5)

Station 2

1

(25.2)
(63.0)
(3.7)
(8 1)
(30.1)

about 10 over different months at Stn 1 a n d exhibited a
bimodal pattern with a broad peak occurring between
October and January, and a narrow peak in May
through June. Catch variation demonstrated less
amplitude a t Stns 2 a n d 3 than a t Stn 1, but bimodal
patterns of shrimp abundance occurred at these stations. At Stns 4 and 5, there were weak maxima in
shrimp yields between October and January, with
strongest peaks in May.
Relative species abundances also differed over time
as indicated by the significant species-month interaction term. Penaeus nohalis showed strong maxima in
November through January and April through the e n d
of the sampling period, while P. subtilis was most
abundant in February through May (Fig. 4). Different
shrimp assemblages at the 5 stations coupled with
different seasonal abundance patterns in i n d i v i d ~ ~ a l
species, particularly P, notialis and P, subtilis, explains
the station-month interaction term in the ANOVA.
Despite evidence for at least weak seasonality in the
primary Penaeus spp., regression analysis showed little
correlation between shrimp abundance in the lagoon
and either water temperature or salinity (simple linear
and log-transformed data). No significant correlations
( p > 0.005) were found between these environmental
factors and total shrimp catch, or catches of Penaeus
juveniles, P. notialis, a n d P. brasiliensis. Abundance of
P. subtilis, however, was positively correlated with
salinity in the lagoon ( F = 5.42, p < 0.05; r = 0.593) a n d
appeared to be associated with the wet season.
It is clear from the number of very small unidentified
Penaeus spp. (Fig. 4) and length-frequency data for
P. notialis (Fig. 5) and P. subtilis (Fig. 6) that juveniles
dominate the shrimp community year round in Laguna
Joyuda. Despite year-round recruitment by shrimp to
the lagoon, and great temporal overlap between
P, notialis and P, subtilis, there were differences in
times of peak recruitment by the 2 primary species.
High abundance of P. notialis less than 10 mm CL in
October (Fig. 5) suggests that the first major peak in
unidentified Penaeus spp. (Fig. 4) was related to

ri.
Station 3

I

titi ion

4

Station

5

1

S O N D J F M A M J J A
Month

Fig. 3. Penaeus spp. Total number collected at the 5 sampling
stations, 1984-1985. Each point represents the mean catch per
trawl (n = 6) + 1 SE
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Fig. 5. Penaeus notialis. Length-frequency distribution of
shrimps collected in Laguna Joyuda, 1984-1985, shown by
month
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M
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J

A

Month
Fig. 4 . Penaeus spp. Total number of shrimps collected in
Laguna Joyuda over all stations (30 trawls over 5 stations),
1984-1985. Top: unidentified Penaeus spp., mostly 3 to 8 mm
CL. Bottom: identified species - ( 0 ) Penaeus notialis; (G) P.
subtilis; ( A ) P. brasiliensis

recruitment by that species. P. notialis continued to
dominate the lagoon until January. Largest abundance
of P. subtilis smaller than 10 mm CL occurred in May
a n d J u n e (Fig. 6), corresponding with the second peak
of unidentified juveniles a n d the maximum population
size for the species. A second period of P. notialis
abundance occurred between May and June 1985,
however, and the second peak in juvenj.le abundance
represents both of the 2 abundant species.
Differences in recruitment to the lagoon by the
2 primary species a n d differential distributions account
for station-month interactions. Late spring/early summer abundance of shrimp at the northern stations was a
result of recruitment primarily by Penaeus subtilis,

while bimodal abundance patterns observed at Stns 1,
2 a n d 3 were a result of 2 abundant species.

DISCUSSION
The shrimp fauna of Laguna Joyuda included all 4 of
the Penaeus spp. known from the Caribbean region.
The relative abundances of the species, however, are
variable with geographic location. In waters of the
Yucatan and Central and South America. P. brasiliensis
and P. schrnitti are the 2 primary fishery species, while
P. notialis is relatively unimportant (Lindner 1971,
Fischer 1978, Dragovich 1981). Unlike continental
shrimp communities, P. notialis was the most abundant
species in Laguna Joyuda, with P. subtilis second in
abundance. Low number of P, brasiliensis in the lagoon
is consistent with Fischer's (1978) conclusion that the
species is relatively uncommon in Antilles waters.
As is true for most Penaeus spp., the individuals
collected in the estuarine habitat were all juveniles.
Reproductively mature individuals, including P.
notialis and P. subtilis females with spermatophores,
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Fig. 6. Penaeus subtilis. Length-frequency distribution of
shrimps collected in Laguna Joyuda, 1984-1985, shown by

month

have been collected in trawl samples on the island shelf
in high salinity areas (Stoner unpubl.). Many of these
mature shrimp have been collected within 3 km from
shore, and the entire life span of P e n a e u s spp. in Puerto
Rico probably occurs within a narrow area. Juvenile
Penaeus spp. have also been collected in high salinity
embayments on the west coast of the island, and
P e n a e u s spp. may not require estuarine habitats for
successful growth and survival. The general lack of
estuaries within the West Indies may have resulted in
the evolution of less estuarine dependence among
penaeids of this region.
Nonetheless, P e n a e u s spp. were very abundant in
trawl collections from Laguna Joyuda, and the lagoon
may produce as much as 955 kg wet weight of shrimp
ha-' yr-l (Stoner 1985). High abundance and productivity of shrimp within the lagoon may be related to
high detrital inputs typical of tropical estuaries (Qasim
& Sankaranarayana 1972, Odum & Heald 1975, Wells
1984). Levine (1981) determined that total litter fall into
Laguna Joyuda was 1919 g dry wt m-2, a value higher
than any other he found in the literature. A blue-green
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algal mat in the lagoon, however, provides the carbon
for a wide variety of organisms and is probably the
most important carbon source for P e n a e u s spp. (Stoner
& Zimmerman unpubl.).
High numbers of shrimp in the lagoon may also be
related to low numbers of predators. A large variety of
demersal fishes have been reported from the lagoon
(Stoner 1986), but few of the total number appear to be
shrimp predators. Of the total, only Bairdiella r o n c h u s
and relatively uncommon Lutjanus spp, frequently
have P e n a e u s spp. in their stomachs. Large swimming
crabs Callinectes spp. also consume P e n a e u s spp.
(Stoner & Buchanan unpubl.), but the crabs are not
abundant in the lagoon (Buchanan & Stoner 1988).
Spatial patterns in the abundance of shrimps in
Laguna Joyuda suggest that abundance of foods may
have a significant influence on the species collected.
Gut analyses for Penaeus notialis and P. subtilis
showed that capitellid polychaetes and amphipods
constitute the most important food items for Joyuda
shrimps (Stoner & Zimmerman unpubl.). Shrimp were
most abundant at Stns 1 and 3 where polychaete and
amphipod standing stocks were highest (Stoner
unpubl.); shrimp were fewest in number at Stn 5,
where foods were least abundant. Shrimp abundance
patterns within the lagoon closely paralleled the
patterns observed for demersal fishes (Stoner 1986)
suggesting similar distributional mechanisms. The
relationship between shrimp abundance patterns and
macrobenthic food items is currently under invest~gation in Laguna Joyuda.
Differences in the distributional patterns among the
P e n a e u s spp. within Laguna Joyuda may be related to
specific sediment requirements. North American
P e n a e u s spp, are known to select different habitats on
the basis of sediment grain size and organic content
(Williams 1955, Grady 1971, Rulifson 1981), and
Fischer (1978) noted some differences in sediment
associations among adult penaeids in the Caribbean. In
Laguna Joyuda, the ratio of P. subtilis to P. notialis
decreased with increasing mean grain size, and
juvenile P. subtilis may prefer the finer muds.
Recruitment of small juvenile shrimp to Laguna Joyuda extended over a major portion of the year, but
showed pronounced lows during August and September, and a possible relationship with seasonal rainfall patterns. Occurrence of the smallest P e n a e u s s u b tills was highly seasonal with recruitment just before
the onset of the wet season (June to November),
primarily In May and June. This is somewhat different
from the case in Huizache-Caimanero lagoon of Mexico where immigration of post-larval P e n a e u s v a n n a m e i occurred during the wet season (Paul & Bowers
1982). However, flood tidal currents are weak or nonexistent in the Joyuda channel during heavy rainfall
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events, a n d recruitment by P. subtilis probably occurs
when flood tidal currents are strongest, in the dry
season (December to May).
Although the seasonal pattern of abundance was
relatively clear in Penaeus subtdis, P. notialis demonstrated 2 recruitment periods within the 12 mo of study,
one at the end of the wet season (October to December)
and another at the beginning of the second wet season
(May to J u n e ) . Furthermore, highest abundance of P.
notialiswas observed 12 mo fromlowest abundance, and
it is clear that there may be large annual variation in the
abundance of the species in Laguna Joyuda. It seems
likely that spawning in P. notialisoccurs all year and that
recruitment into the lagoon population may be more
h e a d y influenced by offshore conditions than by conditions inside the nursery area or inlet. Whether or not
recruitment of Penaeus spp. is influenced by spawning
stock size is subject to debate (Garcia 1983, Penn 1984,
Penn & Caputi 1984) but offshore reproductive stock size
could have a major impact on recruitment success,
particularly in the island habitat, where populations are
not large and where currents could remove larvae from
the insular shelf environment. Laguna Joyuda, with its
smallbasin and single inlet, makesit a convenient system
for research concerning larval recruitment.
The importance of tropical coastal lagoons for
penaeid fisheries has been pointed out (Edwards 1978),
but long-term data including estimates of natural mortality, studies on recruitment, and emigration will be
required to elucidate the mechanisms regulating stock
sizes. Multiple-species use of tropical lagoons and
estuaries, and the lack of dishnct seasonal patterns in
some of the species, provides a complex fisheries problem, but study on narrow island shelves will permit
research with geographically confined populations.
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