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ABSTRACT The cryptlc and shelter-seeklng behav~our  of spiny lobsters Panulirus argus Latrellle 
prompted the use of artlflclal shelters to examine the juvenlle population structure at Cayos-Contoy. 
Quintana Roo, Mexlco We tested the hypothesis that habltat type had no influence on shelter occu- 
pancy The  arhflcial shelters used were concrete structures w ~ t h  a PVC frame (mm-s l ze  casltas) Macro- 
fauna and  potential predators associated wlth the mm-casltas were  also quantified The size of the lob- 
sters harbored by these structures emphasized the Importance of the Cayos-Contoy as  a nursery habltat 
for P argus Differences in mini-casita occupancy by luvendes and the assoclatlon between habltat and 
lobster size groups suggest that availab~llty of natural habitats had an  influence on casita occupancy 
The penodlc removal ot all lobsters from the mini-casitas resulted in the vacancies being occupled 
mostly by a size-spec~flc group oi juveniles Trans~tional (16 to 25 mm carapace length, CL) and post- 
algal (26 to 35 mm CL) luvenile stages recruited malnly to vegetated habitats with larger lobsters occu- 
pylng patch reef habitats Mlni-caslta occupancy was  dominated by transitional and post-algal early 
juvenlle stages (41 1 and 34 6% respectlvely) The fact that the highest percentage of minl-caslta occu- 
pancy is by transitional juvenlle P argusls considered to represent a 'population bottleneck effect 
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INTRODUCTION 

Habitat selection, resource use, and the ecological 
processes associated with distribution vary consider- 
ably between palinurid species (Kanciruk 1980). The 
larval stage of spiny lobster Panulirus argus is plank- 
tonic and inhabits the epipelagic portion of the Atlantic 
Ocean (Marx & Herrnkind 1986) with the highest 
abundance near the coast (Alfonso & Frias 1991). After 
metamorphosis, the first benthic stage of P. argus  set- 
tles in a variety of environments, including high salin- 
ity estuanes (Witham et al. 1968), among mangrove 
roots, seagrass beds, along grassy undercuts, shallow 
bays, and reef lagoon areas (Davis 1971, Kanciruk 
1980, Marx & Herrnkind 1985). However, the highest 
densities of post-larvae are usually associated with red 
macroalgae Laurencia spp.  (Marx & Herrnkind 1985, 

Herrnkind & Butler 1986). Subsequent juvenile stages 
have been described as ecologically 'transitional', 
moving from algal habitat to den dwelling (Marx & 
Herrnkind 1985, Childress & Herrnkind 1994) and 
thereafter showing gregarious habitation (Smith & 
Herrnkind 1992). This latter juvenile stage is referred 
to as 'post-algal' (Childress & Herrnkind 1994, Field & 
Butler 1994, Forcucci et al. 1994, Herrnkind & Butler 
1994). The reclusive behaviour and small size of early 
juvenile spiny lobsters make them difficult to sample 
(Marx & Herrnkind 1985, Herrnkind & Butler 1986, 
Herrnkind et al. 1994, Norman et al. 1994), making 
post-settlement population parameters difficult to 
obtain (Herrnkind et  al. 1994). 

It has been hypothesized that crevice-dwelling spe- 
cies suffer from a declining number of suitable shelters 
as they grow (Morse et  al. 1985), possibly leading to 
recruitment bottlenecks in some crevice-obligate 
marine invertebrates (Caddy 1986, Caddy & Stamato- 
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poulos 1990). Given the shelter-seeking behaviour of 
lobsters, many studies have utilized artificial shelters. 
Caddy & Stamatopoulos (1990) suggest that an artifi- 
cial crevice simulator may be used to determine 'popu- 
lation bottlenecks' for lobsters in nature. 

Artificial shelters have been the focus of consider- 
able research aimed at gaining an understanding of 
their impact on species survival and recruitment (John- 
son et al. 1988, Spanier et al. 1988, Hixon & Beets 1989, 
1994, Eggleston et al. 1990, 1992, Briones et al. 1994, 
Mintz et al. 1994, Sosa-Cordero et al. in press) and 
their use as a harvesting tool (Miller 1982, Cruz & 
Phillips 1994). Two types of artificial habitats are com- 
monly used to study juvenile and subadult Panulirus 
argus populations in the Caribbean: concrete block 
structures (Davis 1985, Cruz et al. 1986, de Leon et al. 
1991, Lozano-Alvarez et al. 1994) and reenforced con- 
crete habitats called 'casitas' (Eggleston et al. 1990, 
1992, Eggleston & Lipcius 1992, Mintz et al. 1994). 
Casitas have several physical properties which make 
them a suitable (Miller 1982, Briones et al. 1994) and 
effective artificial shelter for lobsters including: shade 
and multiple den openings (Spanier & Zimmer-Faust 
1988); low-relief openings which exclude large piscine 
predators (Briones et al. 1994); entrances of much 
smaller diameter than the inner shelter (Eggleston et 
al. 1990, Spanier 1994); and suitability for future 
cohabitation (Zimmer-Faust & Spanier 1987). 

Casitas, however, harbor a range of benthic and 
demersal animals, many of them predators of spiny 
lobsters. Few studies have examined the importance of 
casitas (e.g. crevice availability) to the juvenile Pan- 
ulirus argus populations in the Caribbean nursery 
areas, especially for early benthic lobsters (sensu 
Smith & Herrnkind 1992, Childress & Herrnkind 1994). 
The aim of this project was to study artificial shelter 
occupancy, using mini-size casitas, by the juvenile P. 

argus population in the northeastern coastal waters of 
the Yucatan Peninsula, Mexico. This involved a field 
study examining the variation of small juvenile P. 
argus abundance and recruitment to casitas between 
different microhabitats. 

METHODS AND MATERIALS 

Study area. In the Mexican Caribbean, off the north- 
eastern coast of the Yucatan Peninsula, there are many 
shallow lagoons bordered by mangroves. Our study 
area was located adjacent to the northern coast of the 
state of Quintana Roo, Mexico, among a group of cays 
called 'Cayos-Contoy'. The experimental stations were 
located off the eastern coast of 'Cayo Alcatraz' 
(21" 28' l "  N, 86" 53' 9" W; Fig. 1). 

Mini-casitas similar to those described by Eggleston 
et al. (1990) were used, consisting of a concrete roof on 
a PVC frame (130 X 80 cm) but the opening height was 
increased to 3.8 cm. The study area has been described 
by Salgado-Pena (1995) and Sosa-Cordero et al. (in 
press). It was concluded that this is a Panulirus argus 
nursery ground from ecological observations on per- 
cent cover of macrophytobenthos (e.g. seagrass, red 
and green algae), occurrence of sponges, and annual 
frequency-size distribution of lobsters. In addition, sea- 
grass Thalassia testudinum shoot density (Dennison 
1990) and organic matter content (Dean 1974) were 
measured at each station during the present study. 

Experimental stations. Five stations were selected as 
having the necessary differences in habitat structure 
(Fig. 1).  Station (Stn) 1 was located on an unvegetated 
patch of reef (approx. 20 m radius) with an average 
depth of 4 m. It was surrounded by a mixture of sea- 
grass Thalassia testudinum and algal mat. The sedi- 
ment was composed of a thin layer of medium and fine 
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sand,  accounting for consistently turbid water through- 
out the sampling period. Several species of hard corals 
were present, varying in height from approximately 10 
to 70 cm, including Siderastrea sp., Porites sp. and 
Diploria sp . ,  the latter being the most conspicuous. 
Stn 2 had ecological characteristics similar to Stn 1, 
with respect to both the benthic substrata and sur- 
rounding vegetation. However, the hard corals were 
reduced in size and abundance, and the depth aver- 
aged 3.5 m. Stns 3 and 4 were in seagrass meadows 
interspersed with algal mats of predominantly 
Caulerpa prolifera, Penicillus sp. and Halimeda sp. 
Stns 3 and 4 also had high seagrass shoot densities 
(means * 1 SE were 866.7 * 66.7 and 900.0 2 251.7 
blades m-2) with depths of 1.5 and 3.5 m, respectively. 
Stn 5 was the furthest from the eastern Cayo Alcatraz 
shoreline. It was located at a depth of 4.5 m with low to 
moderate seagrass density (533.3 * 66.7 blades m-2) 
and several species of macroalgae also present, includ- 
ing Udotea sp., C. prolrfera, Penicillus sp. and Hal- 
imeda sp. Stn 5 was subject to higher wave exposure 
than the other stations. Sponges occurred only at 
Stns 3 and 4, and to a lesser extent at  Stn 5. 

Four mini-casitas were placed in every station in a 
square layout, 5 m apart from one another, giving 5 
experimental stations with a total of (4 X 5 =) 20 casitas. 
The mini-casita stations were checked by SCUBA 
every 23 d ,  on average, from November 1993 to Octo- 
ber 1994. This average sampling periodicity resulted in 
2 sampling dates for March (the 8th and 26th). Lobsters 
were caught using hand nets after carefully tipping the 
casitas on their side. Lobsters were removed from 
every station, measured (mm carapace length, CL) and 
released approximately 2 to 5 km away. Early juvenile 
lobsters were classified according to the distinct onto- 
genetic groups described by Smith & Herrnhnd 
(1992): algal (5-15 mm CL), transitional (16-25 mm 
CL), and post-algal (26-35 mm CL). Late juveniles and 
subadults were divided into the classes: 36-45 mm, 
46-55 mm, 56-65 mm, and >65 mm CL, as used by 
other researchers (Eggleston et al. 1992). Other rele- 
vant biological variables such as lobster sex, number of 
potential predators and other large animals present 
were also recorded. 

The statistical analysis involved l-way classification 
analysis of variance (ANOVA) with habitat (experi- 
mental stations) a s  the independent factor and 
ungrouped In-transformed size of lobster as the 
response variable. We tested whether the recruitment 
to each station was independent of the lobster size 
group, using the G-test of independence (Sokal & 
Rohlf 1981). In addition, multiple regression analysis 
(Sokal & Rohlf 1981) was used to determine whether 
the number of lobster per station and mean size of lob- 
sters per station could be predicted using predator 

abundance per station, station type (dummy variable) 
and time of sampling. Correlations between pairs of 
regressor variables were examined. Plots of residuals 
from the multiple regression models were checked 
visually to detect departures from normality, outliers 
and homocedasticity. 

RESULTS 

Analysis of frequencies 

Lobster population size structure 

A total of 549 juvenile lobsters, 306 (55.8%) males 
and 243 (44.2%) females, were caught between 
November 1993 and October 1994. Minimum and 
maximum lobster sizes were 11.7 and 68.4 mm CL 
respectively (Fig. 2).  The mean size of the total sample 
was 29.9 i 0.44 mm CL (mean + 1 SE), whlch corre- 
sponds to the juvenile post-algal stage. Size varied sig- 
nificantly (a = 0.05) among stations ( l -way ANOVA, 
F = 64.851, df = 544, p < 0.001). Tukey's a posteriori 
mean comparison test (a = 0.05) indicated a significant 
difference in lobster size for Stns 1 and 2 compared to 
Stns 3,  4, and 5; i.e. larger mean sizes (>45 mm CL) 
were recorded in patch reef habitats compared to 
those found in vegetated habitats. Another significant 
size difference was also found between Stns 3 and 4 
(Fig. 3).  

Lobster abundance and recruitment 

Juvenile lobsters gradually colonized the mini- 
casitas after their deployment in October 1993. The 

C A R A P A C E  L E N G T H  (mm) 

Fig. 2. Panulirus argus Size frequency distribution of lobsters 
harbored by mni-casitas at Cayos-Contoy 
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Fig. 3. Panulirus argus. Mean size (*l SE) of spiny lobsters at 
stations 

Table 1 Panulirus argus Lobster abundance and overall 
recruitment rate over time (March had 2 sampling dates, the 

8th and 26th). nd: no data 

Time Station Overall recruitment 
period 1 2 3 4 5 rate (lobster d-l) 

Nov 0 3 0 6 n d  0.33 
Dec 0 4 0 1 6 1  0.91 
Jan 0 1 1 2 9 5  1.06 
Feb 0 1 39 10 6 1.70 
Maro, 0 0 5 40 3 2.29 
Mar26 0 1 9 41 7 3.22 
A P ~  0 15 11 23 4 1.56 
May 0 7 26 29 5 2.31 
Jun 0 10 20 22 0 1 86 
Jul 0 5 36 24 6 2.96 
*'-'g 0 0 30 12 2 1.19 
S ~ P  5 0 1 6  1 3  1.00 
Oct 3 1 5 0 0  0.24 

intra-annual pattern of overall lobster abundance 
showed minima during October and November (1.8 
and 2.5 lobsters per station) and the peaks during May 
and July (13.4 and 14.2 lobsters per station) (Fig. 4). 
Daily overall recruitment rates (i.e. the number of lob- 
sters settled at the 5 stations d-') ranged from 0.24 
(October) to 3.22 (late March) (Table 1). 

All stations except Stn 1 were consistently inhabited 
by juveniles most of the time (Table 1). However, dif- 
ferences in lobster abundance between stations were 
evident. Stns 3 and 4 were colonized by the highest 
number of early and late juveniles, with 198 (36.1 %) 
and 253 (46.1 %) respectively; Stns 2 and 5 had inter- 
mediate values, while Stn 1 showed the lowest value 
(Table 2). The maximum abundance of juveniles per 
station, 41 lobster per station, was recorded on March 
26 at Stn 4 (Table 1). The maximum carrying capacity 
of mini-casitas, 33 lobster per mini-casita, was regis- 
tered in July at Stn 3. 

Z 

& 20-  
4 

V] 
16- 

W 
0 
z 
4 12- D 
Z 
3 
m 
< 
a 
W 
c. 
~1 4 -  
m 
0 
rl 

z 

Macrofauna and predators 

Mini-casita occupancy varied among the lobster size 
groups (Table 2). Of the 549 lobsters caught, only 125 
(22.8%) were late juveniles and subadults, while 424 
(77.2%) were early juveniles, i.e. a high proportion of 
early juveniles occupied the mini-casitas, which is a 
life stage difficult to sample in the field. Transitional 
and post-algal stages accounted for 41.1 and 34.6% of 
the total sample respectively. The algal stage 
accounted for only 1.4 %. There was a significant asso- 
ciation between lobster size groups and habitat types 

- ' 1 ' 1 1 1 1 1 1 1 1 1 1  (G-test with William's correction, G = 160.2, p < 0.001). 

A total of 1839 organisms associated with the mini- 
casitas were recorded throughout the study period. Of 
this, only 29.8% were juvenile and subadult lobsters, 
while the remaining were potential predators (37.2 %) 
and other sheltering macrofauna (32.9%). Potential 
predators of Panulirus argus seen during the surveys 
belonged to 3 taxa: Crustacea, Mollusca, and Teleostei 
(Table 3). Remains of brachyuran crabs (Xanthidae) 
and lobsters (P. argus) were found in the stomach con- 
tents of Batrachoides mangle and Diplectrum formo- 
sum respectively. 

Predator abundance was computed for every sam- 
pling date as the number of predators per station. The 
results of multiple regression analysis showed that no 
combination of regressor variables proved useful in 
predicting the number of lobsters per station at Cayos 
Contoy. However, the mean size of lobsters varied sig- 

4 N D J F M o a M m A M  d J A S 0 
W The vegetated habitats (Stns 3, 4, and 5) were pre- 
1: T I M E  PERIOD ferred mostly by early juveniles (Table 2), whereas late 

Fig. 4. PanuLirus argus. Overall mean lobster abundance (*l juveniles and subadults tended to Occupy unvegetated 

SE) over time (March had 2 sampling dates, the 8th and 26th) patch reefs habitats (Stns 1 and 2). 
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Stn Lobster size groups (mm CL) Total 
Early juveniles Late juveniles and subadults 

5-15 16-25 26-35 36-45 46-55 56-65 >65 

1 0 0 0 0 3 4 1 8 
2 0 2 6 13 17 8 2 4 8 
3 3 72 77 35 8 3 0 198 
4 3 131 94 23 2 0 0 253 
5 2 21 13 3 3 0 0 42 

Total 8 226 190 74 33 15 3 549 

Table 2. Panulirus argus. Total number of lobsters recruited to each station by lobsters was negatively correlated 
defined size groups with the number of predators and sta- 

tion, and positively correlated with the 
time of sampling. The standardized 
coefficients (Table 4) show that sta- 
tion, followed by time and predators, 
was the most influential variable of 
the model. No pairs of regressor vari- 
ables were significantly correlated 
(Time-Pred r = -1 1.83, p = 0.44; Time- 
Stn r = -0.108, p = 0.49; Pred-Stn r = 

0.150, p = 0.33). Ln-transformed mean 
size of lobsters and number of 
predators station-' were normally dis- 

Table 3. Potential predators of Panuljrus argus sighted during mini-casitas 
surveys. 'First specific report of Octopus maya. Potential predators reported tributed ~KO1mOr~OrOv-SmirnOv tests 
previously by: 'Randall (1983); 2~ggleston et al. (1990); 3Eggleston et al. (1992); (K-S); D,, = 0.107, p = 0.70; D,,, = 

'Smith & ~ e r r n k i i d  (1992); 'Mintz et al. (1994) 0.107, p = 0.46, respectively] 

Family Species No. of org. 
observed 
per family 

Crustacea 
Xanthidae Menippe mercenaria 2.3.4 22 

Mollusca 
Octopodidae Octopus maya' 34 

Teleostei 
Batrachoididea Toadfish Batrachoides mangle ' 139 
Labridae Shppery dick Halichoeres bivittatus 6 
Lutjanidae Schoolmaster snapper Lutjanus apodos 2 * 3  87 

Lane snapper Lutjanus synagris5 
Gray snapper Lutjanus griseus 2 .3 ,4  

Pomadasyidae Grunt Haemulon ~ p p . ~  244 
Serranidae Red grouper Epinephelus morio S 135 

Sand perch Diplectrum formosum 
Diodontidae Porcupinefish Diodon spp.' 6 
Muraenidae Green moray eel Gymnothorax funebris S 8 

Spotted moray eel Gymnothorax moringa * 

Source df SS MS F R2 adj. Variable Standardized 
coefficients 

Model 3 2.269 0.768 16.88"' 0.52 Stn -0.689 
Error 40 1.792 0.045 Pred -0.120 
Total 43 4.060 Time 0.389 

nificantly as a function of the number of predators per 
station, station, and time (Table 4). The resulting equa- 
tion was: 

where y = mean lobster size (In-transformed) and 
Pred = number of predators station-'. The mean size of 

DISCUSSION 

The juvenile lobster size structure 
harbored by mini-casitas at Cayos- 
Contoy emphasized the importance of 
the study area as a nursery habitat for 
Panulirus argus. The averaged size of 
juveniles collected varied between 
stations and appeared to be related to 
habitat type. Lobsters were larger in 
unvegetated patch reefs than in vege- 
tated habitats. The spatial distribution 
of P. argus often has been reported in 
the literature as habitat-related, with 
larger lobsters usually found in deeper 
water and reef habitats, and/or with a 
gradual shoreward decrease in size 
(Lyons et al. 1981, Gregory et al. 1982, 

Table 4. Results of the multiple regression for mean size of lobsters per station. Gregory & Labisky 1986, Lozano- 
Independent variables were: station (Stn), number of predators (Pred) and T i e .  *lvarez et al. 1991, 1994). our study 

R2 is adjusted for model df. "'p < 0.001 
found that small-scale habitat changes 
were also significant. 

Juvenile lobsters recruited prefer- 
entially to the 2 most vegetated habi- 
tats (Stns 3 and 4), with seagrass 
meadows, algal mats and a greater oc- 
currence of sponges. Survival experi- 
ments with Panulirus argus have 
reported that seagrass meadows pro- 

vide protection from predation (Eggleston et al. 1990). 
In addition, seagrass meadows are very productive 
(Orth 1986) and considered to be important spiny lob- 
ster feeding areas (Kanciruk 1980, Lipcius & Her- 
rnkind 1982, Eggleston et al. 1990, Herrera et al. 1991, 
Briones et al. 1994). Thus, it is very likely that food 
abundance for juveniles was also higher at  Stns 3 and 
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4 than at the remaining stations. Herrnkind P1 Butler 
(1986) suggest that habitat selection by P. argus juve- 
niles seems to be influenced by food availability. How- 
ever, evidence gathered from several studies demon- 
strates that habitat use by lobsters may result from a 
complex interaction of factors, such as the protective 
value of a scaled shelter (Eggleston et al. 1990) and 
from the attraction of chemical stimuli from food, 
predators and conspecifics (Zimmer-Faust et al. 1985, 
Zimmer-Faust & Spanier 1987, Wahle 1992, Boudreau 
et  al. 1993, Childress & Herrnkind 1994, Spanier 1994). 

Stns 1 and 2 were located on sandy reefs with hard 
corals but lacked the suitable seagrass and algal mat 
habitats for postlarvae settlement and subsequent 
juvenile growth. Thus, we suggest that a lack of critical 
resources (Bohnsack et al. 1991), such as food and 
appropriate substratum, was responsible for the low 
abundance of juveniles registered at these stations. In 
addition, experiments on Panulirus argus survival 
report higher mortality rates in the open, unvegetated 
areas (Herrnkind & Butler 1986, Eggleston et al. 1990, 
Smith & Herrnkind 1992). We suggest that the low 
abundance of lobsters registered at  Stn 5, which has 
low to moderate seagrass density, may also be a result 
of strong wave action. 

Mini-casitas were frequently shared by lobsters of 
differing size groups; nevertheless, there is clear evi- 
dence that habitat type is very important in determin- 
ing whether early juveniles or late juveniles and 
subadults are attracted to the mini-casitas. The 
removal of all lobsters from mini-casitas on every sam- 
pling date resulted in reoccupation mostly by size-spe- 
cific juveniles to habitat type. Zimmer-Faust & Spanier 
(1987) reported a significant size stratification in den 
occupancy by Panuhrus interruptus, suggesting a lack 
of randomness in individual residency. We suggest that 
the ontogenetic change in sheltering behaviour and 
sociality reported for spiny lobsters (Zimmer-Faust & 

Spanier 1987, Smith & Herrnkind 1992) should be 
taken into account when studying juvenile spiny lob- 
ster ecology. 

In the present study the abundance of the algal stage 
5-15 mm CL was consistenlly low even at the most 
vegetated stations. This may be because our study was 
not focused on the post-larval stage, i.e. we did not use 
the more specific post-larval artificial collector (see 
Whitam et al. 1968, Briones & Gutierrez 1991, Cruz et 
al. 1991). Our results, therefore, did not evaluate the 
effect of post-larval settlement rates and its effect on 
juvenile abundance at Cayos-Contoy. 

Casitas occupancy was dominated by transitional 
(16-25 mm CL) and post-algal (26-35 mm CL) juvenile 
stages with 41.1 and 34.6% respectively. Caddy & 
Stamatopoulos (1990) suggested that artificial habitats 
could be used to determine the relative availability of 

crevices of different sizes in natural environments. In 
order to detect a population bottleneck effect, these 
authors proposed identifying the highest percentage of 
artificial shelter occupancy by a given size class of lob- 
sters. Hence, based on the observation that the highest 
percentage of mini-casitas occupancy is by the transi- 
tional size group, we suggest that natural shelter of 
appropriate size was possibly a limiting factor for this 
juvenile stage. This could indicate a juvenile lobster 
population bottleneck (Sosa-Cordero et al. in press). In 
support of this are the benthic substrata characteristics 
observed in the study area. Sosa-Cordero et al. (in 
press) report that hard bottom and patch reef cover 
was quite scarce in the study area, compris~ng only 
0.2%; in contrast, the vegetated bottom was highly 
abundant, with 79.7 % of cover. 

Considering that in our study most of the lobsters 
were 535 mm CL, the lack of a significant (quantita- 
tive) relationship between the number of juvenile lob- 
sters per station and the set of predictor variables 
employed agrees with similar findings reported for 
juvenile Panulirus argus in Florida Bay (Field & Butler 
1994). We suggest that a failure to predict the number 
of juvenile lobsters within a given area also reflects the 
high temporal and spatial stochasticity associated with 
the post-settlement process in this species. Only long- 
term monitoring studies are likely to reveal consistent 
patterns and whether or not any key environmental 
factor is associated with them. 
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