

















Breeding and sexual system of a processid shrimp
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Fig. 5. Proportion of reproductive Ambidexter symmetricus females in samples of females of
reproductive size (>2.0 mm) for 2010 (@) and 2011 (b).

attained in males between 1.80 and 2.00 mm CL (Table 1,
Fig. 2). Thus, some of the individuals in the smaller two size-
classes may have been juvenile males indistinguishable from
juvenile females (Table 2, Fig. 3). The CLs(o, for females was
1.8 mm (2010) and 2.1 mm (2011), whereas for males CLsqo,
was 1.7 (2010) and 2.0 (2011). Goodness of fit Chi-Square
comparisons of sex ratios by 0.5-mm size classes (Table 2)
showed a trend of significantly more females in most size-
classes than males. There were both females and males in
most size classes, both large and small (Fig. 3). Size-frequency
distributions by month showed population changes over
the course of the year. Smaller individuals appeared in the
length—frequency distribution in greater abundances in later
months in 2010 and 2011, with a loss of larger individuals
present in April and May compared with the frequency dis-
tributions in August, September, and October (Fig. 4).

Females were reproductive seasonally from April to September
(Fig. 5). Females with developing ovaries were not found in
October, when only one female was carrying embryos, indicat-
ing the end of the breeding season. During the breeding season,
most females carrying embryos showed prespawning ovaries

(Fig. 6), indicating a posthatching molt, mating, and spawing,
the usual pattern in caridean species with continuous reproduc-
tion on an individual basis (successive spawning) (Bauer 2004).
We tested and rejected the null hypothesis of no relationship
between degree of ovarian and degree of embryonic develop-
ment in A. symmetricus females. Females brooding late-stage
embryos had late-stage developing ovaries, whereas females
brooding early-stage embryos had undeveloped ovaries,
or early-stage developing ovaries in both 2010 (x5 =122.45,
=101, Pexaet<0.001) and 2011 (x5=100.85, n=92,
Peyact <0.001).

We performed a multifactorial ANOVA to examine the inter-
actions of month, sex, and parasite presence in individuals larger
than 2.00 mm CL in2010 and 2011. A carapace length 0of2.00 mm
was the lower size limit, as secondary sexual characters may not
have been visible before this size. Significant relationships were
found between full-cross factors in both 2010 (F5g63 =20.81,
P <0.001) and 2011 (Fg807 =63.68, P <0.001). In 2010 there
was a significant relationship between sex X presence of a parasite
(Tukey—Kramer P = 0.028, Table 3), the sample date x presence
of a parasite (Tukey—Kramer P < 0.001, Table 4), and sample



H Marine and Freshwater Research

1.07— (a)
0.9+

Ovarian stage

08 | O Stage 1 M Stage2 B Stage3 0O Stage 4

0.7

0.6 -

0.5 -
0.4

0.3 '
0.2

0.1

0 L
(b)

1.0 1

Proportion

0.9

0.8

0.7 - I
0.6 -
0.5
0.4 1
0.3 1
0.2 1
0.1 4
N [ ] |
1 2 3 4

Developmental stage of embryos in brood

Fig. 6. Ovarian developmental condition of Ambidexter symmetricus
females incubating embryos of different developmental stages for 2010
(a) and 2011 (b).

Table 3. Tukey—Kramer post hoc interactions of Least Square Means
for effect of sex X parasite presence on Ambidexter symmetricus
carapace length (mm) in 2010
F, female; M, male; N, no parasite; Y, parasite present; —, P> 0.05;
* P <0.05; **, P<0.01; *** P <0.001

FxN FxY M x N MxY
FxN <0.001 <0.001 0.262
FxY o <0.001 0.506
M x N ok ok <0.001
M X Y _ _ sksksk

date x sex (Tukey—Kramer P = 0.003, Table 5). There was also
a significant relationship in 2011 between sex X presence of a
parasite (Tukey—Kramer P = <0.001, Table 6), sample date
and x presence of a parasite (Tukey—Kramer P < 0.001, Table 7),
and sample date x sex (Tukey—Kramer P < 0.001, Table 8).

Discussion

Females of Ambidexter symmetricus produced successive
broods, developing new sets of oocytes in their ovaries while

J. A. Rasch and R. T. Bauer

Table 4. Tukey—Kramer post hoc interactions of Least Square Means
for effect of sex X parasite presence on Ambidexter symmetricus
carapace length (mm) in 2011
F, female; M, male; N, no parasite; Y, parasite present; —, P> 0.05;
*, P<0.05; **, P<0.01; *** P <0.001

FxN FxY M x N MxY
FxN 0.979 <0.001 0.579
FxY - <0.001 0.772
M x N ok ok <0.001
M X Y _ _ kkk

brooding embryos from a previous spawn, indicating a new
spawn will occur after hatching of the incubated embryos, as in
many caridean species (Bauer 2004). On the population level,
reproduction of A. symmetricus that we examined from a sub-
tropical (warm temperate) habitat in the Gulf of Mexico, was
seasonal (from April to September). The processids Processa
bermudensis and Processa riveroi reproduce year round both on
an individual and population level in tropical populations (Bauer
1989). The seasonality of population-level reproduction is
consistent with that of two other processid species, Processa
edulis edulis (Labat and Noé&l 1987; temperate) and Haya-
shidonus japonicus (Kikuchi 1962; subtropical), suggesting a
latitudinal effect on reproductive periodicity for processid
shrimps, with a shorter breeding season with increasing latitude.
Temperature, as well as other factors such as plankton produc-
tivity (larval food), varies with latitude and influences the length
of the breeding season of these shrimps as in many other
invertebrates (Thorson 1950; Sastry 1983; Bauer 1992; Lardies
and Castilla 2001; Marshall ef al. 2012). Individual females can
reproduce continuously, but as populations move away from the
tropics this continuous reproduction becomes limited by season
on the population level (Kikuchi 1962; Labat and Noé&l 1987;
Bauer 1991). A similar reproductive pattern occurs in other
carideans (Bauer 2004) as well as dendrobranchiate shrimps
(Castilho et al. 2007a, 2007b, 2008). This pattern appears in
marine invertebrates in general (Collin and Salazar 2010;
Marshall et al. 2012).

The CLsq, calculated from our data indicates that ~50% of
both male and female A. symmetricus reach sexual maturity at
1.7 and 2.1 mm respectively. This result was supported by
observational data showing that females in general developed
ovaries at a CL slightly above 2.0 mm and that secondary sexual
characters were fully developed in both sexes at approximately
this size. A statistic such as CL5qq, is important to show trends in
the size that individuals in the population become reproductive
(Pardo et al. 2009), and allows for comparisons in reproductive
traits among related species or species from similar latitudes
(King 1995). For example, populations of Artemesia longinaris
from Brazil and Argentina showed the predicted latitudinal
differences in female size at maturity (Castilho et al. 2007b).
Our samples showed small variations from year to year, suggest-
ing fluctuation in abiotic or biotic factors influence reproduction
(Pardo et al. 2009). Similar deviations were seen in A. long-
inaris, and influencing factors were suggested to be caused by
yearly variation in water temperature and primary production
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Table 5. Tukey—Kramer post hoc interactions of Least Square Means for effect of sample X sex on Ambidexter symmetricus carapace length (mm)
in 2010
F, female; M, male; AG, August; JL, July; JN, June; MY, May; MJ, end of May-beginning of June; —, P > 0.05; *, P < 0.05; **, P <0.01; ***, P <0.001

AG xF AG xM JLxF JLxM IJNxF INxM MY x F MY x M MIJ x F MI x M
AG x F 0.531 1.000 0.981 1.000 0.988 <0.001 0.006 0.771 0.999
AG xM - 0.374 0.995 0.252 0.966 <0.001 <0.001 0.017 0.931
JLxF - - 0.459 1.000 0.313 <0.001 <0.001 0.358 0.885
JLxM - - - 0.337 1.000 <0.001 <0.001 0.007 1.000
IJN xF - - - - 0.022 <0.001 <0.001 0.335 0.681
INxM - - - - * <0.001 <0.001 0.001 1.000
MY x F wkk Ak Hkx wkk ok Hokk 0.996 0.004 <0.001
MY X M dk B kksk kksk sdekck sdekk . 0069 <0001
MJ x F - * - *E - ok ok - <0.001
MJ X M _ _ _ _ _ _ skeksk Hkck Hksk

Table 6. Tukey—Kramer post hoc interactions of Least Square Means for effect of sample X sex on Ambidexter symmetricus carapace length (mm)
in 2011
F, female; M, male; AP, April; AG, August; JN, June; MY, May; OC, October; SP, September; —, P > 0.05; *, P < 0.05; **, P <0.01; ***, P <0.001

AP x F AP x M AG x F AG xM INxF IN XM MY x F MY x M OCxF OC xM SPx F SP x M

AP x F <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
AP xM HAk 0.162 <0.001 <0.001 <0.001 0.721 0.005 <0.001 0.007 <0.001 <0.001
AG x F oAk - 0.289 1.000 0.980 0.987 1.000 0.999 1.000 0.105 0.047
AG xM HAE Ak - 0.231 0.962 0.035 0.511 0.932 0.735 1.000 1.000
JN xF oAk oAk - - 0.473 0.894 1.000 0.939 1.000 <0.001 <0.001
INxM HAE Ak - - - 0.048 0.970 1.000 0.999 0.379 0.129
MY x F oAk - - * - * 0.385 0.284 0.873 <0.001 <0.001
MY x M HAk HE - - - - - 0.999 1.000 0.049 0.006
OC xF oAk oAk - - - - - - 0.997 0.371 0.160
OC xM HAE HE - - - - - - - 0.273 0.037
SPx F EEE EEE _ _ stk _ EEE E _ _ 0.999
SPx M R R * _ ook _ R EE _ * _

Table7. Tukey-Kramer post hoc interactions of Least Square Means for effect of sample X parasite presence on Ambidexter symmetricus carapace

length (mm) in 2010
N, no parasite; Y, parasite present; AG, August; JL, July; JN, June; MY, May; MJ, end of May-beginning of June; —, P > 0.05; *, P <0.05; **, P <0.01;
#kk P <0.001

AG x N AGXxY JLxN JLxY JN XN INXY MY x N MY xY MJ x N MJ xY
AG x N 1.000 1.000 0.656 0.938 0.810 1.000 <0.001 0.242 0.644
AGXxY - 1.000 0.996 1.000 1.000 1.000 <0.001 0.997 0.990
JLxN — — 0.344 0.506 0.406 1.000 <0.001 0.004 0.449
JLxY — — — 0.970 1.000 0.162 <0.001 1.000 1.000
JN x N — — - - 0.999 0.007 <0.001 0.315 0.953
INXY - - - - - 0.055 <0.001 0.998 0.998
MY x N - — - - ok — <0.001 <0.001 0.249
MJ XN _ _ kK _ _ _ ek sk 1000
MJ xY — - — — - — — Hkk —
(Castilho et al. 2007h). Information from our study may be The length—frequency distributions of 4. symmetricus indi-

important for future modelling of life history parameters cate that females are more abundant than males in the popula-
(including reproductive traits) in processids and comparisons tion. The abundance of females and their larger size compared
with other tropical and subtropical caridean species (Ramirez with males suggests that these 4. symmetricus use a pure search
Llodra 2002). (promiscuous) mating system (Berglund 1981; Wickler and
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Table 8. Tukey—Kramer post hoc interactions of Least Square Means for effect of sample X parasite presence on Ambidexter symmetricus carapace
length (mm) in 2011
N, no parasite; Y, parasite present; AP, April; AG, August; JN, June; MY, May; OC, October; SP, September; —, P>0.05; *, P<0.05; **,
P <0.01; *** P <0.001

APxXxN APxY AGxN AGxY JNxN INXY MYxN MYxY OCxN OCxY SP x N SPxY
AP x N 0.019 <0.001 0.082 <0.001 <0.001 <0.001 1.000 <0.001 0.916 <0.001 <0.001
AP xY * <0.001 0.001 <0.001 <0.001 <0.001 0.572 <0.001 0.114 <0.001 <0.001
AGxN ok ok 1.000 0.802 0.674 1.000 0.001 0.830 0.399 0.014 1.000
AGxY - HEE - 1.000 1.000 1.000 0.492 0.954 0.984 0.521 0.999
IN xN A HoHE - - 1.000 0.107 0.031 <0.001 0.906 <0.001 0.900
INXY HHE HoHE - - - 0.111 0.084 <0.001 0.962 <0.001 0.813
MY x N HAE o - - - <0.001 0.145 0.242 <0.001 1.000
MY xY - - ** - * ok <0.001 0.998 <0.001 0.008
OC xN HAE o - - ok - ok 0.035 0.003 1.000
oCxY - - - - - - - * 0.002 0.377
SP X N skskok skokok * _ ok sk koksk skkok kK Kok 0952
SP X Y sk seckesk _ _ _ _ k3 — — —

Seibt 1981) as in most caridean species, in which reproductive
males are smaller than reproductive females (Correa and Thiel
2003; Bauer 2004).

The hypothesis of a gonochoristic sexual system for
A. symmetricus is supported by the sex ratios observed in
our samples. There is overlap of juvenile male and female
length frequencies in the smaller size classes, indicating that
A. symmetricus develop into primary males and primary females
(Bauer 2004). There was no evidence of previously described
sexual systems in carideans in which an individual first develops
as a male and then when larger changes to a female (protandry)
or female-phase simultaneous hermaphrodite (protandric
sequential hermaphroditism) (Bauer 2000; Chiba 2007). In
population-samples of purely protandric species, smaller size
classes are composed of males whereas larger size classes are
primarily female (Bauer 2004). Although protandry has been
reported in Processa edulis edulis (No€l 1973, 1976), this
conclusion is controversial (Bauer and Conner 2012).
Thus, sequential hermaphroditism has not been definitively
demonstrated in a processid species.The trend of significantly
more females than males present in the A. symmetricus popula-
tion sampled suggests differential mortality between the sexes.
Increased activity by mature males searching for reproductive
females throughout the summer is one conceivable cause for this
skewed sex ratio (Willson and Pianka 1963; Berglund 1981;
Ridley and Thompson 1985).

Sex, time of year, and parasite presence all had an influence
on the size of individuals of 4. symmetricus. In general, females
grew larger than males, and males with parasites suffered from
gigantism. However, females with parasites were similar in size
to healthy females and infected males. This may be because
females are the larger sex, and already grow to the maximum
size this species can attain. Large females may not exhibit
gigantism when infected because of physiological growth and
life-span restraints. However, as males expend fewer energetic
resources in producing sperm than females do on eggs, more
resources might be directed into somatic growth when males are
infected, allowing gigantism to occur (Baudoin 1975).
A. symmetricus of both sexes were also larger in the spring,

indicating that they were recruits of the previous year which had
overwintered. Later in the year, the mean body size of the
population decreased as recruitment occurred and smaller indi-
viduals entered the population.

Although processids are abundant in some habitats, there is a
lack of information about their reproductive biology, population
ecology, and evolutionary relationships. The data presented here
allow for comparisons of this subtropical population with other
subtropical species as well as those from other latitudes
and habitats. Our data support the conclusion that females
produce successive broods within a limited part of the year
(April-September). With possible impacts of oil spills, climate
change and overfishing of shrimp predators on abundant sea-
grass shrimps such as 4. symmetricus, further insights about
such ecologically important species are essential to help man-
agement agencies conserve both habitat and species diversity.

Acknowledgements

We thank the Florida Fish and Wildlife Conservation Committee and the
Florida Department of Environmental Protection for allowing us to collect
samples in St Joseph Bay Peninsular State Park, Florida. We also
acknowledge support from the St Joseph Bay Buffer Preserve and the
Friends of St Joseph Bay Preserves for lodging. Numerous graduate and
undergraduate students from the University of Louisiana at Lafayette par-
ticipated in the fieldwork, for which we thank them. Funding was provided
by a Louisiana Board of Regents Fellowship and by the University of
Louisiana at Lafayette Graduate Student Organization. This is contribution
number 172 of the Laboratory for Crustacean Research.

References

Abele, L. G. (1972). A review of the genus Ambidexter (Crustacea:
Decapoda: Processidae) in Panama. Bulletin of Marine Science 22,
365-380.

Abele, L. G., and Kim, W. (1986). ‘An Illustrated Guide to the Marine
Decapod Crustaceans of Florida.” (Florida Department of Environmen-
tal Regulation: Tallahassee, FL, USA.)

Anderson, R. M., and May, R. M. (1978). Regulation and stability of host-
parasite population interactions I. regulatory processes. Journal of
Animal Ecology 47, 219-247. doi:10.2307/3933


http://dx.doi.org/10.2307/3933

Breeding and sexual system of a processid shrimp

Baeza, J. A. (2009). Protandric simultaneous hermaphroditism is a con-
served trait in Lysmata (Caridea: Lysmatidae): implications for the
evolution of hermaphroditism in the genus. Smithsonian Contributions
to the Marine Sciences 38, 95-110.

Baeza, J. A. (2010). Sexual system and natural history observations on
semi-terrestrial shrimp Merguia rhizophorae. Invertebrate Biology 129,
266-276. doi:10.1111/J.1744-7410.2010.00200.X

Baeza, J. A., and Piantoni, C. (2010). Sexual system, sex ratio and group
living in the shrimp Thor amboinensis (De Man): relevance to resource-
monopolization and sex-allocation theories. The Biological Bulletin
219, 151-165.

Barba, E., Raz-Guzman, A., and Sanchez, A. (2005). Distribution patterns of
estuarine caridean shrimps in the southwestern Gulf of Mexico.
Crustaceana 78, 709-726. doi:10.1163/156854005774353502

Baudoin, M. (1975). Host castration as a parasitic strategy. Evolution 29,
335-352. doi:10.2307/2407221

Bauer, R. T. (1985). Diel and seasonal variation in species composition and
abundance of caridean shrimps (Crustacea, Decapoda) from seagrass
meadows on the north coast of Puerto Rico. Bulletin of Marine Science
36, 150-162.

Bauer, R. T. (1986). Sex change and life history pattern in the shrimp 7hor
manningi (Decapoda: Caridea): a novel case of partial protandric
hermaphroditism. The Biological Bulletin 170, 11-31. doi:10.2307/
1541377

Bauer, R. T. (1989). Continuous reproduction and episodic recruitment in
nine shrimp species inhabiting a tropical seagrass meadow. Journal of’
Experimental Marine Biology and Ecology 127, 175-187. doi:10.1016/
0022-0981(89)90183-4

Bauer, R. T. (1991). Analysis of embryo production in a caridean shrimp
guild from a tropical seagrass meadow. In ‘Crustacean Issues 7: Crusta-
cean Egg Production’. (Eds A. Wenner and A. Kuris.) pp. 181-192.
(A. A. Balkema Press: Rotterdam, Netherlands.)

Bauer, R. T. (1992). Testing generalizations about latitudinal variation and
recruitment patterns with sicyoniid and caridean shrimp species. Inver-
tebrate Reproduction & Development 22, 193-202. doi:10.1080/
07924259.1992.9672272

Bauer, R. T. (2000). Simultaneous hermaphroditism in caridean shrimps:
A unique and puzzling sexual system in the Decapoda. Journal of
Crustacean Biology 20, 116—128. doi:10.1163/1937240X-90000014

Bauer, R. T. (2004). ‘Remarkable Shrimps: Adaptations and Natural History
of the Carideans.” (University of Oklahoma Press: Norman, OK)

Bauer, R. T., and Conner, S. L. (2012). Gonochoric sexual system in the
caridean shrimps Processa riveroi and P. bermudensis (Decapoda:
Processidae) inhabiting a tropical seagrass meadow. Journal of the
Marine Biological Association of the United Kingdom 92, 521-529.
doi:10.1017/S0025315411000622

Bauer, R. T., and VanHoy, R. (1996). Variation in sexual systems (protan-
dry, gonochorism) and reproductive biology among three species of the
shrimp genus Thor (Decapoda: Caridea). Bulletin of Marine Science 59,
53-73.

Beck, J. T. (1979). Population interactions between a parasitic castrator,
Probopyrus pandalicola (Isopoda: Bopyridae), and one of its freshwater
shrimp hosts, Palaemonetes paludosus (Decapoda: Caridea). Parasitol-
0gy 79, 431-449. doi:10.1017/S003118200005383X

Berglund, A. (1981). Sex dimorphism and skewed sex ratios in the
prawn species Palaemon adspersus and P. squilla. Oikos 36, 158-162.
doi:10.2307/3544440

Castilho, A. L., Costa, R. C., Fransozo, A., and Boschi, E. E. (2007a).
Reproductive pattern of the South American endemic shrimp Artemesia
longinaris (Decapoda, Penaeidae), off the coast of Sdo Paulo state,
Brazil. Revista de Biologia Tropical 55, 39-48.

Castilho, A. L., Gavio, M. A., Costa, R. C., Boschi, E., Bauer, R. T., and
Fransozo, A. (2007b). Latitudinal variation in population structure and
reproduction pattern of the endemic South American shrimp Artemesia

Marine and Freshwater Research K

longinaris (Decapoda: Penaeoidea). Journal of Crustacean Biology 27,
548-552. doi:10.1651/S-2788.1

Castilho, A. L., Costa, R. C., Fransozo, A., and Negreiros-Fransozo, M. L.
(2008). Reproduction and recruitment of the South American red shrimp,
Pleoticus muelleri (Crustacea: Solenoceridae), from the southeastern
coast of Brazil. Marine Biology Research 4, 361-368. doi:10.1080/
17451000802029536

Chiba, S. (2007). A review of ecological and evolutionary studies on
hermaphroditic decapod crustaceans. Plankton & Benthos Research 2,
107-119. doi:10.3800/PBR.2.107

Christoffersen, M. L. (1998). Malacostraca. Eucarida. Caridea, Crangonoi-
dea and Alpheoidea (except Glyphocrangonidae and Crangonidae). In
‘Catalogue of Crustacea of Brazil’. (Ed. P. S. Young.) pp. 351-463.
(Museu Nacional: Rio de Janeiro, Brazil.)

Collin, R., and Salazar, M. Z. (2010). Temperature-mediated plasticity and
genetic differentiation in egg size and hatching size among populations
of Crepidula (Gastropoda: Calyptraeidae). Biological Journal of the
Linnean Society. Linnean Society of London 99, 489-499. doi:10.1111/
J.1095-8312.2009.01388.X

Correa, C., and Thiel, M. (2003). Mating systems in caridean shrimp
(Decapoda: Caridea) and their evolutionary consequences for sexual
dimorphism and reproductive biology. Revista Chilena de Historia
Natural (Valparaiso, Chile) 76, 187-203. doi:10.4067/S0716-
078X2003000200006

De Grave, S., Livingston, D., and Speight, M. R. (2006). Diel variation in sea
grass dwelling shrimp: when to sample at night? Journal of the Marine
Biological Association of the United Kingdom 86, 1421-1422.
doi:10.1017/S0025315406014457

Ebert, D., Carius, H. J., Little, T., and Decaestecker, E. (2004). The evolution
of virulence when parasites cause host castration and gigantism. Ameri-
can Naturalist 164, S19-S32. doi:10.1086/424606

Emlen, S. T., and Oring, L. W. (1977). Ecology, sexual selection, and
the evolution of mating systems. Science 197, 215-223. doi:10.1126/
SCIENCE.327542

Espinoza-Fuenzalida, N. L., Thiel, M., Dupre, E., and Baeza, J. A. (2008). Is
Hippolyte williamsi gonochoristic or hermaphroditic? A multi-approach
study and a review of sexual systems in Hippolyte shrimps. Marine
Biology 155, 623-635. doi:10.1007/S00227-008-1059-Z

Garcia Raso, J. E., Martin, M. J., Diaz, V., Cobos, V., and Manjon-Cabeza,
M. E. (2006). Diel and seasonal changes of Cymodocea nodosa from
Southeastern Spain (West Mediterranean Sea). Hydrobiologia 557,
59-68. doi:10.1007/S10750-005-1308-9

Ghiselin, M. T. (1969). The evolution of hermaphroditism among animals.
The Quarterly Review of Biology 44, 189-208. doi:10.1086/406066

Gore, R. H., Gallaher, E. E., Scotto, L. E., and Wilson, K. A. (1981). Studies
on decapod crustacea from the Indian River region of Florida XI.
Community composition, structure, biomass and species-areal relation-
ships of seagrass and drift algae associated macrocrustraceans.
Estuarine, Coastal and Shelf Science 12, 485-508. doi:10.1016/
S0302-3524(81)80007-2

Greening, H. S., and Livingston, R. J. (1982). Diel variation in structure of
seagrass-associated epibenthic macroinvertebrate communities. Marine
Ecology Progress Series 7, 147-156. doi:10.3354/MEPS007147

Guerao, G. (1993). Feeding habits of the prawns Processa edulis and
Palaemon adspersus (Crustacea, Decapoda, Caridea) in the Alfacs
Bay, Ebro Delta (NW Mediterranean). Miscellania Zoologica 17,
115-122.

Hall, S. R., Becker, C., and Caceres, C. A. (2007). Parasitic castration: a
perspective from a model of dynamic energy budgets. Integrative and
Comparative Biology 47, 295-309. doi:10.1093/ICB/ICM057

Heck, K. L. Jr (1977). Comparative species richness, composition and
abundance of invertebrates in Caribbean seagrass (Thalassia testudi-
num) meadows (Panama). Marine Biology 41, 335-348. doi:10.1007/
BF00389099


http://dx.doi.org/10.1111/J.1744-7410.2010.00200.X
http://dx.doi.org/10.1163/156854005774353502
http://dx.doi.org/10.2307/2407221
http://dx.doi.org/10.2307/1541377
http://dx.doi.org/10.2307/1541377
http://dx.doi.org/10.1016/0022-0981(89)90183-4
http://dx.doi.org/10.1016/0022-0981(89)90183-4
http://dx.doi.org/10.1080/07924259.1992.9672272
http://dx.doi.org/10.1080/07924259.1992.9672272
http://dx.doi.org/10.1163/1937240X-90000014
http://dx.doi.org/10.1017/S0025315411000622
http://dx.doi.org/10.1017/S003118200005383X
http://dx.doi.org/10.2307/3544440
http://dx.doi.org/10.1651/S-2788.1
http://dx.doi.org/10.1080/17451000802029536
http://dx.doi.org/10.1080/17451000802029536
http://dx.doi.org/10.3800/PBR.2.107
http://dx.doi.org/10.1111/J.1095-8312.2009.01388.X
http://dx.doi.org/10.1111/J.1095-8312.2009.01388.X
http://dx.doi.org/10.4067/S0716-078X2003000200006
http://dx.doi.org/10.4067/S0716-078X2003000200006
http://dx.doi.org/10.1017/S0025315406014457
http://dx.doi.org/10.1086/424606
http://dx.doi.org/10.1126/SCIENCE.327542
http://dx.doi.org/10.1126/SCIENCE.327542
http://dx.doi.org/10.1007/S00227-008-1059-Z
http://dx.doi.org/10.1007/S10750-005-1308-9
http://dx.doi.org/10.1086/406066
http://dx.doi.org/10.1016/S0302-3524(81)80007-2
http://dx.doi.org/10.1016/S0302-3524(81)80007-2
http://dx.doi.org/10.3354/MEPS007147
http://dx.doi.org/10.1093/ICB/ICM057
http://dx.doi.org/10.1007/BF00389099
http://dx.doi.org/10.1007/BF00389099

L Marine and Freshwater Research

Iverson, R. L., and Bittaker, H. F. (1986). Seagrass distribution and
abundance in eastern Gulf of Mexico coastal waters. Estuarine, Coastal
and Shelf Science 22, 577-602. doi:10.1016/0272-7714(86)90015-6

Jay, C. V. (1989). Prevalence, size and fecundity of the parasitic isopod
Argeia pugettensis on its host shrimp Crangon francisorum. American
Midland Naturalist 121, 68-77. doi:10.2307/2425657

Kikuchi, T. (1962). An ecological study on animal community of Zostera
belt in Tomioka Bay, Amakusa, Kyushu (II) community composition (2)
decapod crustaceans. Records of Oceanographic Works in Japan 6,
135-146.

Kikuchi, T. (1966). An ecological study on animal communities of the
Zostera marina belt in Tomioka Bay, Amakusa, Kyushu. Publications
from the Amakusa Marine Biological Laboratory 1, 1-106.

King, M. (1995). ‘Fisheries Biology, Assessment and Management.’
(Fishing News Books, Blackwell Science Ltd.: Oxford, UK.)

Labat, J. P., and Noél, P. Y. (1987). Kinetical study of size structure and
biological cycle of a Mediterranean population of Processa edulis
(Decapoda, Caridea). Investigaciones Pesqueras 51, 165-176.

Lardies, M. A., and Castilla, J. C. (2001). Latitudinal variation in the
reproductive biology of the commensal crab Pinnaxodes chilensis
(Decapoda: Pinnotheridae) along the Chilean coast. Marine Biology
139, 1125-1133. doi:10.1007/S002270100661

Leber, K. M. (1983). Feeding ecology of decapod crustaceans and the
influence of vegetation on foraging success in a subtropical seagrass
meadow. Ph.D. Thesis. Florida State University, Tallahassee, FL, USA.

Manning, R. B. (1991). Processa vossi, a new caridean shrimp from Florida
(Crustacea, Decapoda, Processidae). Bulletin of Marine Science 49,
552-557.

Manning, R. B., and Chace, F. A. Jr (1971). Shrimps of the family
Processidae from the northwestern Atlantic Ocean (Crustacea:
Decapoda: Caridea). Smithsonian Contributions to Zoology 90, 1-41.

Markham, J. C. (1985). A review of the bopyrid isopods infesting shrimps
in the northwestern Atlantic Ocean, with special reference to those
collected during the Hourglass Cruises in the Gulf of Mexico. Memoirs
of the Hourglass Cruises 7, 1-156.

Markham, J. C. (1986). Evolution and zoogeography of the Isopoda
Bopyridae, parasites of Crustacea Decapoda. In ‘Crustacean Issues 4:
Crustacean Biogeography.” (Eds R. H. Gore and K. L. Heck.)
pp. 143-164. (A.A. Balkema Press: Rotterdam, Netherlands.)

Marshall, D. J., Krug, P. J., Kupriyanova, E. K., Byrne, M., and Emlet, R. B.
(2012). The biogeography of marine invertebrate life histories. Annual
Review of Ecology Evolution and Systematics 43, 97-114. doi:10.1146/
ANNUREV-ECOLSYS-102710-145004

Noél, P. (1973). Cycle biologique et inversion sexuelle du Crustacé
Décapode Natantia Processa edulis. Cahiers de Biologie Marine 14,
217-227.

J. A. Rasch and R. T. Bauer

Noél, P. (1976). L’évolution des caracteres sexuals chez Processa edulis
(Risso) (Décapode, Natantia). Vie et Milieu 26, 65—104. [In French].
O’Brien, J., and Van Wyk, P. M. (1985). Effects of crustacean parasitic
castrators (epicaridean isopods and rhizocephalan barnacles) on growth
of crustacean hosts. In ‘Crustacean Issues 3: Factors in Adult Growth’.
(Ed. A. M. Wenner.) pp. 191-218. (A.A. Balkema Press: Rotterdam,

Netherlands.)

Pardo, L. M., Fuentes, J. P., Olguin, A., and Orensanz, J. M. (2009).
Reproductive maturity in the edible Chilean crab Cancer edwarsii:
methodological and management considerations. Journal of the Marine
Biological Association of the United Kingdom 89, 1627-1634.
doi:10.1017/S0025315409000010

Ramirez Llodra, E. (2002). Fecundity and life-history strategies in marine
invertebrates. Advances in Marine Biology 43, 87—170. doi:10.1016/
S0065-2881(02)43004-0

Ridley, M., and Thompson, D. J. (1985). Sexual selection of population
dynamics in aquatic Crustacea. In ‘Ecological Consequences of Adap-
tive Behaviour’. (Eds R. M. Sibly and R. H. Smith.) pp. 409—422.
(Blackwell Scientific: Oxford, UK.)

Rios, R., and Carvacho, A. (1982). Caridean shrimps of the Gulf of
California I. New records, with some remarks on amphiamerican
distribution. Pacific Science 36, 459—465.

Saloman, C. H. (1979). New records of caridean shrimps (Decapoda,
Caridea) from the nearshore area of Panama City Beach, Florida,
USA. Crustaceana 5(Suppl.), 147-152.

SAS Institute Inc. (2013). SAS Enterprise Guide 6.1 for SAS OnDemand.
(SAS Institute Inc.: Cary, NC.)

Sastry, A. N. (1983). Ecological aspects of reproduction. In ‘The Biology of
Crustacea’. (Eds F. J. Vernberg and W. B. Vernberg.) pp. 179-270.
(Academic Press: New York.)

Thorson, G. (1950). Reproductive and larval ecology of marine bottom
invertebrates. Biological Reviews of the Cambridge Philosophical
Society 25, 1-45. doi:10.1111/J.1469-185X.1950.TB00585.X

Unsworth, R. K. F., De Grave, S., Jompa, J., Smith, D. J., and Bell, J. J.
(2007). Faunal relationships with seagrass habitat structure: a case study
using shrimp from the Indo-Pacific. Marine and Freshwater Research
58, 1008—1018. doi:10.1071/MF07058

Warner, R. R. (1975). The adaptive significance of sequential hermaphro-
ditism in animals. American Naturalist 109, 61-82. doi:10.1086/282974

Wenner, A. M. (1972). Sex ratio as a function of size in marine Crustacea.
American Naturalist 106, 321-350. doi:10.1086/282774

Wickler, W., and Seibt, U. (1981). Monogamy in Crustacea and man.
Zeitschrift fiir Tierpsychologie 57, 215-234. doi:10.1111/J.1439-0310.
1981.TB01924.X

Willson, M. F., and Pianka, E. R. (1963). Sexual selection, sex ratio, and
mating system. American Naturalist 97, 405-407. doi:10.1086/282292

www.publish.csiro.au/journals/mfr


http://dx.doi.org/10.1016/0272-7714(86)90015-6
http://dx.doi.org/10.2307/2425657
http://dx.doi.org/10.1007/S002270100661
http://dx.doi.org/10.1146/ANNUREV-ECOLSYS-102710-145004
http://dx.doi.org/10.1146/ANNUREV-ECOLSYS-102710-145004
http://dx.doi.org/10.1017/S0025315409000010
http://dx.doi.org/10.1016/S0065-2881(02)43004-0
http://dx.doi.org/10.1016/S0065-2881(02)43004-0
http://dx.doi.org/10.1111/J.1469-185X.1950.TB00585.X
http://dx.doi.org/10.1071/MF07058
http://dx.doi.org/10.1086/282974
http://dx.doi.org/10.1086/282774
http://dx.doi.org/10.1111/J.1439-0310.1981.TB01924.X
http://dx.doi.org/10.1111/J.1439-0310.1981.TB01924.X
http://dx.doi.org/10.1086/282292

