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Seasonality in the reproductive biology of a shelf-dwelling
galatheid (Crustacea: Decapoda): an example from a Western
Mediterranean population of Munida iris rutllanti.
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Abstract: A glance at the literature is enough to establish that seasonality of the reproductive feawres is not 2 general trend
Among galatheid decapods. The most important factor detenmining population dynmmics is the depthat which each species
dwells. A program was carried out to study the repraductive hiology of the shelf-dwelling Munida ivis rutflanti using all the
captwes landed by commercial trawlers in the Valencia Harbour arca (W. Mediterrancan, Spain). The program fasted from
February 1986 10 October 1987, duting which time S116 specimens were collected. The tollowing biological leatures were
recorded: size of mdividuals, percentage of ovigerous females and sex ratio. AW this information was then analysed using a
number of statistical approaches. including time-series analvses. Most of these features greatly vary with time, indicating
that the reproductive dynamics -of this population is scasonal in nature. These conclusions are supported by an analysis of
the seasonad changes in size-cass frequencies. The retationships between variables are outlined, allowing us to draw
inferences regarding other pepulational traits, such as ume of recruitment or lile span.

Résumé « Rythme saisonnier de la reprocuction d'un galathéidé (Crustacea : Decapoda) : Uexemple d’une poputation de
Menida iris pullanti en Méditerranée Occitendale. Selon ta littéeature a périodicité de Ja reproduction n'est pas générale
chez les décapodes gatathéides. La dymarigue des populations est essentiefiement sous Uinfluence de ta profondeur a laguel-
le vivent les espeees. La biologie de la reproduction de Munida iris rutifant a éé ¢udide grice i des récoltes réalisées par
des chalutiers aux aientouss du port de Valence (Médilerranée Occidentate. Espagne), entre février 1986 et octohre 1987, Les
caracténstiques suivantes ont éié détermindes : taifle des animaux, pourcentage des femelles ovigeres et sex-ratio. Ces don-
nées ont é1¢ rainées par différentes méthades statistiques, incluant des séries temporelfes. La plupart de ces caractéristiques
changent suivan! Ja saison, ce gqui montre gue la dynamigue de la reproduction est de type saisopnier. Ces conclusions sont
conhirmées par les résuftats de Panalyse de Uévolution des fréquences de tailles. Teurs refations avec d autres variables per-
mettent de dégager d'avtres caracteres 1és a fa dynamigque des poputations tels que Ta longévité et 'armvée des nouvefies
recries,

Keswords: Munida iris rudlanti, Galatheids, Seasonality. Reproductjve biology, Western Mediterrancan,

Introduction bathymeltric gradient, ranging {rom shallower waters to

abyssal plains (Wenner, 1982; Williams, 1984, Hannoll e

Most galatheids, at least as adults, are henthic organisms. ol 1992: Farifa & Pereiro, 1995) seem (0 he the likefy key
Feological exclusion and habitat fragmentation along a to explain the galatheid distribution. Environmental factors
5 e — such as temperature, fight intensity and food availability
Regule 22 février 1997 accepté aprés révision le 20 juillet 1998, (lactors affected by depth) are tmiportant parametess which
Recerved 22 Tebraary 1997; accepied in revised form 20 fuly 1998, inftuence the reproductive dynamics of crustaceans in
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general (Sastry, 1983). Although a simplistic lite history
cannot be outlined, some trends can be inferted from the
data collected by several authors (Zariquicy-Alvarez, 1968;
Wenner, 1982; Williams, 1984: Zeldis, 10R3; Hartnol) et al,
1992). Thus, seasonal patterns have been shown in species
“phabiting shaltower waters (Galathea squamifera Leach,
1814, Munida curvimana A. Milne-Edwards & Bouvier,
18043, continental shell (Munida iris A. Milne-Edwards,
VRRO, M intermedia A, Milre Edwards & Bouvier 1899,
#. gregaria (Fabricius, 1793)) or even continenal slope
(M. sarsi Haus, 1935) whereas they are less obvious in
species from abyssal plains A Munide tenuimana Sars, 1872,
M. microphthalma A. Milne-Edwards, 1880, Munidopsis
spp.). Nevertheless, the nature of the mechanisms involved
in these seasonal patterns is not clear. The dynamics and
trophic regime of larvae, which are both influenced by the
depth at which adults dwell, seem 10 play a major part
examples from the genus Munidopsis, sce Wenner (1982}
and Sastry (1983 for an overview on decapads),
Furthermuore, abyssal species can also display  seasonal
breeding periods in some proups of decapods other than
galmheds (Harmoll et al, 19%7).

T'he peographic latitude « another, superimposed factor.
Many works and reviews point to the fact that the
bathymeiric range of a given species varies along its
fatitudinal range (Williams, 1984; Gonzdlez-Gurriardn &
Olaso, 1987; Garcia-Raso, 1989; Freire et al.. 1992;
Hartnoll et al., 1992; Farina & Pereiro, 1995).

Munide iris rathlant Zanquiey-Alvarez, 1952, is a sheli-
dwelling galatheid decapod. which was described as a
subspecies of Munida iris by Zariquiey-Alvarez (1952). The
subdivision of M. iris into two subspecies is based on
marphotogical characteristics such as ornamentation of
percion. maxillipeds and chelipeds, and it also reflects
difference in the geographical range of Munida iris
populations. For instance, Munida iris iris A. Milne-
Fawards, 1820 is widely distributed along, Western Atlantic
shotes (Coetho & Ramos, 1972, Wenner, 1982; Williams,
1084: Pohle. 1988, whereas Munida iris rutllanti dwells on
Fastern Central Atlantic coasts with some populations in
westernmost areas of the Mediterrancan Sea, such as the
Albordn Sca or the Spanish coast near Sant Antont Cape
(Zariyniey-Alvarez, 1952, 196%: Gareia-Raso, 1989, Sarda
& Palomera, 1981 Guillén, 1990). Some authers consider
these two sabspecies as distinct species (Noél, 1992)
according 1o the same criteria (Noél. anpublished).

Péres (1985) stressed that Munida iris rutllanti is of
special interest within the Mediterrancan biota, because it
occurs along the bathyal zone of the North African margin
(from Gibraltar to Cap Bon in Tunisia) and is included into
a group of species having an “Atlantic origin™ (Péres op.
it p. 226). According to this author, this group of species
shares not only the same history but also ccological

characteristics, since they are all associated with muddy
beds and are more or less eurybathic in character.

The presence of Munida iris rutllanti was not recorded
by either Castellon & Abellé {19%3) or Sardd & Palomera
(1981) slong the Catalan shore, or Forest (1963) in the
Balearnic lslands. Then the Valéncia Harbour area is
probably the nosthernmost area of this species’ range along
the Mediterranean coasts of the Therian Peninsula and, even
more, within the Western Mediterranean. The extreme
geographical position of this area within the range of M. iris
rutflanti, makes this zone of particular interest from a
biogeographical and ecological point of view,

The extent to which geographical and ecotogical factors
influence the dynamics of M. iris rutllanti populations has
yet to be evaluated. In fact, data available on the biology of
this subspecies is rather scarce. The sexual dimorphism of
the subspecies and other biometric data were discussed in
Sanz-Brau & Sanz-Suntos (1993), and the predation on
M. iris retllanti was alse docuimented in Sanz-Brau & Morte
(1992).

The aim of the present work is to survey populations of
M. iris rutllanti off Valencia Gulf collected by commercial
trawlers in Valencia Harbour, in an attempt to clarify the
seasonality in popufation dynamics. In our study area, the
sithspecies was found ranging in muddy beds on the outer
part of continental shelf, at a depth varying from {00 to 200
meters. The subspecies is quite comman in the Gulf of
Valencia area, Although there arc no fisheries in this area
trading with this species, M. iris rutllanti is caught by
trawlers which fish stwimps in similar habitats, such as
Aristews aniennatus (Rissv, 1816), Aristeomorpha foliacea
(Risso, 1827) and Parapenaeus longirostris (Lucas, 1846).
In the deepest parts of its bathymetric range, populations of
M. iris rutllanti seem to overlap with those of Munida
intermedia, often being caught together. Munida iris
rutllanti is known to be an important prey for fishes which
live at the same depih, such as the sharks Galeus melastoma
Rafinesque, 1810 and for Scvliorhinus canicula (Linnaeus,
1758), but is also seldom preyed on by fishes inhabiting
shallower waters (Sanz-Brau & Morte 1992)

Materials and methods

in order to study the main phases of the annual cycle of
M. iris rutllanii, a sampling project was started in 1986. 67
samples were collected during the period of time ranging
from |3 February 1986 to 20 October 1987. These samples.
collected from commercial trawlers operating from Valéncia
Harbour (Fig. 1), did not allow 1o achieve a comprehensive
information on population size, since data on lower size
classes might be underestimated. However, the large
numiber of samples collected in a regular way over a long
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period of time allowed to test the hypothesis ol seasonality
in the reproduction of M_ iris rutlanti.

A tolal number ol 5116 speciment. were pracessed. For
subsequent analysis, samples were pooled into twenty
consecutive monthly periods, except for August 1986, for
which samples are tacking. Munida iris rutitanti is only of
minor commercial interest, and is often sold together with
Munida intermedia and Macropipus tuberculatus (Roux,
18303 from which it was sorted at the Taboratory, then fixed
with 70% ethanol. Sex and ovigerous state of feinales were
checked and noted on each specimen. Carapace fength (viz.

distance between the ocular arch and the posterior dorsal

edge of the cephalothoraxy was tiken, as it is a good
estimator of individual's size, following the criteria set out
by Hartnoll et al. (1992). All measurements were made with
dial callipers to the nearest 0.1 mm. Specimens were
grouped into 0.5 mm length classes 1o study length-
frequency distributions.

Size trequency distributions (SFD) of each sex and for
each month  were tested for normality using  the
Kolmagorov-Smirnov test and also for the homogencity of’
variances using e Levene test. For cach sex, variation in
mean size with respect to time was analysed using multi-
sample Kruskal-Wallis test, and monthly sampies were
compared by pairs using Mann-Whitney U-test. We carried
out within-month comparisons of the average size of males
and females using the Mann-Whitney U-test. Comparisons
belween the size of ovigerous and non-ovigerous females
were performed by an ideatical statistical approach

Monthly deviations from a 1:1 males / females ratio were
studicd by x2 test of goodness of fit (Sokal & Rohlf, 1995).
The temporal periodicity of the sex ratio, female size,
muale size. difference in size between sexes and percentage
of ovigerous females were c¢xamined by ineans of
awtocorrelation analysis (SPSS Inc.. 1994). Its significance
and nicaning is deduced from lhe pattems thal oceur in
shape, together with those correlation coefficients that falt
outside confidence linits. Both correlation and  cross-
corretation analyses were used to cstablish the relationship
between parameters. Although not very frequently used,
time-series  analysis lechniques give good results in
populational studies, when a possible seasonality or
periodicity effect is suspected (Regon et al., 1996: Guerao,
1995). Modal decomposition of the size-class histograms
was performed with the progranm MIX following Macdonald
& Green (1988) by fitting normal components 10 the data,

Results

1. Number and average size of individuals

The number and the average size of both males and females
individuals collected each manth are shawn in Table t.

Minimum and maximum individual size (length of
cephalothorax) recorded for males was 9.4 and 2(.9 mm
respectively. and for females 10.0 and 21.2 mm respectively,
whereas temporal fluctuations of the average size of both
males and females ranged from 1591 (o 17.62 mm as a
maximum.

Kolmogorov-Smirnoy  tests  gave no  significant
deviations from normality (p > 0.01) of the SFD in any
month and for any sex. but the variances were not
homogencous as resuhing from a Levene test (p < 0.01).
The results of Kruskal-Wallis tests lead to the rejection of
the null hypothesis of the equality of averages over the study
period (%2 = 170, p < 0.0001 for femnales; x2 = 99.01,
P <0.0001 for malesy. Recorded differences in size between
individuals from different months were not ematic. o
femafes, comparisons between months using Mann-
Whitney U-test showed that individuals from summer
periods (June - September 1986 and June - October 1987
were sigmiticantly Laeger than those from the rest of the
study period. Females from January 1987 were signiticantly
simaller than the rest. In males, specimens {rom surmer
(July - September 1986 and June - October 19%7) and
December 1986 were signilicantly larger than those from
spring (April {986 and April - May 1987). Males from
January 1987 were signiticanlly smaller than those from
other months. Fig. 2 shows same of these results. Pattern in
size variation is more clearly defined in females than in
males, and this suggests a penodicity in the temporal
evolution of these Iwo paramelers (males™ and females’
monthly average size). Tn this sense, size of females clearly
hchaves as a periodical variable, as inferred from the
antocomrelogram in FFig. 3.

The difference recorded in size between mates and
females was not constant over time (see Fig. 2 and Fig. 4)
and varies according to the season as it is shown in Fig. 3.
Comparisons by Mann-Whitney U-test showed  that
differences (p < 0.01) 100k place within the autumin and
winter months (February 1986 and the period October 1986-
Murch 1987).

i1, Size frequencies

Length frequency distributions (Fig. 2) and their madal
decompositions (Fig. 5] show that recruitment took place
mainly in February - April for males and females in both the
studied years. A suiking decrease in the number of
individuals s observed in the largest females during
October. This trend was obvious in 1986, and cortesponds
to a decrease in the percentage of ovigerous females. In
contrast, such a drastic event was not observed for males.

HI. Sex ratio

The %2 test indicated significant deviations (p < 0.01) from
a 111 males / females ratio during the following months:
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Table T Data cotlected per month according 1o the sex. Mean size of Tength of cepialothorax (mnn) + standaed deviation and sumber
of idividiuads tin parentheses)

Tableau 1. Données mensuclles en fonction du sexe @ longueur moyenne du céphalothorax fmmy) * éeant type. nombre & individus
(entre paremhesesy,

momth mrales females
OVIgerous Hert-(REgCrous total females
1986 Febhrnry 1707 £ §90  (13) {700+ LOK 4y 1603+ 147 (65) 1643+ 143 (105)
’ March FOT0 4 205 (12¥) 1674+ [.23 1) 1645 £ 157 (6%) 1649+ 152 (79)
Apeil ot £ L8E (1K) 1670 2 136 (1K) 1647 £ 164 (65) 16.53 £ 1.58  (X3)
May P60+ 161 (131 16,48 £ 131 (89) 1650 £ 1.29  146) 16.49 1 130 (135)
June 17 s 179 %6 1720172 (38) 1583+ 2.1 3 17101737 @«
July 170621 1.58 (55 17202 109 (45) [Oo.44 4 1,23 (¥) 17082 113 (5%
Septenher 17.282 170 «t 1y 17.00 £1.29 (9 1645 €200 (1) 1699+ 1.39 (102
Ockober 17004172 (149 6347 7N 606+ 150 (31) 1621 £ 148 (68)
Norember 1708+ 170 (105 17.26 £ 142 (1Y) 6121148 (1th 1020 % 1.52 (1Y
Drecensher {749« 160 (212 1699 £ 183 (17 16531 193 (106 to60 s 19 (N7
1687 Tanuary 10,57 £ 1,69 1206) 12732138 (9 1583+ 141 21D 1S90 £ 146 220
Feheaary 1709+ 178 16.84 + |62 (27 16,08+ 152 (76) 1628 £ 157 (103
March 16,87 = 208 4221, 1764 £0.75 124 1009 157 (1o .30 £ 157 (184)
Aprib 1636+ 104 (226) 17.68 £ 1.260 (12} 16132 1.57 211 16210+ (.59 (223}
May 1662+ 187 {14%) 1045 2 1,45 (90, to.20 2 177 (55) 16.30 £ 1.58% (151}
e 1717+ 18 (120 1699 1 1,71 (92y 16522203  (10) 695+ 174 (102)
July 1751 %105 (it2) 17.45 2 1. 54 (UR) 1781 1 0.01 (%) 1747 + 1.50 (1G6)
August 730 £ 232 66y 1750 £ 143 (38 17.28 +1.29 (5) 17.48 + 1,40 (4%
Sepreniber 1745+ 1810 (1V7) 17521032 (0N 1592+ 271 5 1742+ 147 (R
Ovctaber F7.00% 1,09 (203) 1707 1145 (72 1656+ 163 (71 1681+ .56 (145)
total 1699 £ {81 (2844) 17.63 + 147 (949) 162004 1.59 (1323) 16.54 + (.59 (2272)
i 4 125 10.6 0.0
max e 21.2 212 21.2

Figure [, Locution map of the studied area.
Fignre 1. Carte de la zone éudiéde.

March, June. October, November and December 1986, and
October 1987, This information is summarised within
Fig. 2. Astipht trend seemsy to exist, and indicates that males
are more abundam than females in fate autumn, However,
samples colfected in winter 1986 did not hehave similarly in
winter 1987, and do not allow us to show a clear periodicity
(Fig. ).

IV, Ovigerous Jemales

Ovigerous tfemales were recorded thronghout the whole
period of the study (see Table 1, Fig. 2), The percentage of
ovigerons females underwent pronounced changes with
time, as shown in Fig. 4. From June to Scpliember of hoth
1986 and 1987 it increased to alimost 90% of the females,
The autocorrelogram  associated with this parameter is
shown in Fig. 3. A significant correfation is observed with a
detay of exactly 12 months, an annual cycle.




Although the sampling method did not alfow us 10 get
infortation on dynamics of lowest-size classes (smafler
anintls are notusually caught), it should also be pointed out
that these “lost™ classes did not inctude the sexually mature
fraction of the population at afll. The histogram of Fig. 6
reveals thal the two lower size classes are lacking the
ovigerous slate. Ovigerous females increase in proportion as
we move lowards higher size classes. The smallest
ovigerous femule vbserved in this study had a length of
(2.5 wmm, which may correspond 1o the initial size for
spawning, although the average size of ovigerous females
was [ 7.03 £ 147 mm. R

Ovigerous females tend fo he bigger than the rest of
females. Significant dilferences, as obtained asing Mann-
Whitney U-tests, ocewred in many manthly samples. A
significant relationship (r = 0.8349; P < 0.001) was found
between the average stze of females of a given month and

the percentage of females that were ovigerous (see Fig. 7).

Discussion

The percentage of ovigerous females of Munida iris
asonal pattern. This should

rllanti follows a pranounced s
not come as a surprise: a look in literature indicates that the
shallower the species lives, the more obvious the scasonal
character in ceproduction is. Deeper-living galatheids such
as the populations of M. tenuimana From Porcupine Bay
studied by Hartnoll et al. (3992) do not show clear terporal
patterns in their seproductive raits, whereas the populations
ol M. sarsi (which dwells in shallower waters) fram the
sane area show stronger seasonal trends. One nwst bear in
mind that this study deals with populations dwelling on the
outer continental shell, therefore the water column above is
more productive than the open sea and, moreover, this
production undergoes tmportant changes throughont the

year {L asonal changes in

food avaitability, which usually bas important effects on

(radda et al.. 1985). This implies s

synchrony of recruitment in beathic  decapods with
plankiotrophic larvae (Sastry, [983). Zeldis (1985) found
that the sheli-dwelling M. gregaria in New Zealand also
showed  strongly seasonal patterns in its population
dynamics.

I Lite-span, overlup of generations and recruitment

Following accurate methodology, Zeldis (1985) was able to
disceiminate among annual cohorts of Munida gregaria, and
found that members of a cohont can survive as benthic adults
some 2-3 years on average. Since new offspring were
produced onee a year, cohorts from dilferent years were
found coexisting. at least (0 a certain extent. Our data on
ovigerous females indicate thut, even if & basal number of
females carry epps all the year long (5 v 15%). a clear
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maxitrum is found in summer. Subsequently, i spawning
peak is likely 1o oceur in late sunmer-garly auturmn. This
suggesis that the concept of an «annual coliortr is valid in
our case. If these cohorts could only sarvive one year, the
population would be greatly distupted in the late summer. as
the old cohort would have w disappear before the newly
produced offsprings had reached the benthic phase. This
pattern has ot been detected in our population. although the
average size Of individuals becomes lower in autumn.
Suhsequently. we can conclude that individuals of M. iris
ratllanti in this arca can survive more than one year as
hemhic adults, meaning that cohoets overlap. In this sense,
some different modes indicating cohorts can be ohseeved in
size-freguency distributions and their modal decompuosition,

Recruitmest in this population probably takes place in
late winter and spring months. The histograms show a more
left-skewed distribution during this period and display
several mades. Knowing that lower size classes can be
biased by provide delinitive
assumiptions, however other approaches such as the modal
decomposition and its temporal follow-up seem to reinforee

sampling, we cannat

the previaus conclusion. The trends discussed below also
suggest this inference could be the most acceptable scenario.

11 Sex-ratio and male-to-female sive departures

Overall sex ratio was 2844 ynales (55.59%) for 2272
females (44.41%). This means a grealer requency of the
former sex over the latter (x> = 639531, P < 0.0001).
Simifar overall values were obtained by Hartnoll et al.
(1992) for M. sarsi in Porcupine Bay (55% males), atthough
they found monthly ratios which were mare extreme than
ours, In the same study, M. renwimanea ovecall sex catio was
about 50% males. Conversely, Wenner (1982} found
significant deviations of sex ratio in faveur of females in M.
tongipes A. Milne-Edwards, 1880 and M. valide Smith,
1883,

Sex ratio renmiins hiased towards males during a few
wmonths, at the end of summer and beginning of” autumn,
following the hatching peak. There are two likely
explanations of the prevalence of males after the hatching
period: ope possibifity is the occurrenice of a spawning
migration i females and the other is a seasan and sex
dependent mortaiity affecting mainly ovigerous females.
Unecgual sex ratias have been explained by differential
mortality rates lor both sexes in the shallow-dwelling
decapods  Paluemon  adspersus  (Rambke, 1837) and
P elegans (Rathke, 1837) (see Berglund, 1981, Conides et
al., 1992). In organising such as galatheids, females carry
the eggs, and have additional energy expenditure associated
with ventilation. Moulting after hatching has been deseribed
in M. sarsi temales (Hartnol} et al. 1992). Thus, there is a
greater energy expenditure and a reduced protection against
cannibalism ar predation. Bearing this information in mind,
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4 Figure 2. Monthly length frequency histograms. Frequencies are expressed as pereentages of the total numbey of individuals found in
the sanple. Each interval represents a (05 i Class, Bars above the axis: frequency of feates (empty portion of each bar represents non
ovigerous whilst solid portion ovigerous females). Bars below the axis: frequency of males. Mann-Whitney U-tesis are partly indicated
for cach sex. For the fermales, months noted with “M™ (maximuin) indicate those in which individuals were signilicantly larger than all
others. For males. imdividuals from the months noted with “M™ were not signiticantly bigger than all others, but onty than individuals from
spring (April 1986 and April - May 1987). Vertical bars represent differences in size between sexes (har 1) and sex ratio (har 2). Bar |-
tilled bars indicate months in which differences in size are sigmilicant at .01 fevel. Bar 2: fitled bars represent munths wn which deviations
from 1:1 sex-ratio are signilicant at 0.01 level ur lower.

Figure 2. Histogramines des Iréquences mensuelles des fongucurs en pourcentage. lntervalles de 0.5 mm. Au-dessus de 1'axe, les
femelies (en clair femelfes non ovigéres © en noir temelles avigeres) Au-dessous de Vaxe. les males. Les contrastes U de Mann-Whitney
sont indiqués pour chaque sexe : pour les femelles, “M™ tmaximum) indique les mois ob les spécimens sont significativement plus grands.
Pour les mafes le “M™ indique les mois o les spéeimens onl une taille plus grande gu’au printemps (avril 1986 et avril-mai 1987). Les
barres verticules fatérates indiqueat Févolution Je Ja différence de taille entre les Jeux sexes (harre |) el la sex-ratio (barre 2). Barre £ : fes
barres pletnes représentent les mois ob Jes différences de longueur sont signilicatives 2 0,01, Barre 2 : les barres pleines représentent les
mois ol les déviations de fa sex-ratio 1:1 sont significatives 2 0,01 ou moins.
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Figure 3. Auocarrelograms of several parameters, The vertical axis represents the autocorrelation coefficient whilst the horizontal axis
represents the time-Tag (months) with which the coefticient has been computed. Lines represent confidence intervals.

Figure 3. Autocorrélogrammes des divers parametres. L'axe vertical indique Je coefficient d'awocomélation. 1" axe horizontal repré-
sente les décalages de temps pour lesquels le coefficient d"autocorrélation a €16 calculé, Les lignes représentent |intervalle de confiance.
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Figure 5. Temport vanations of the average size of males
twhite svinbolsy and females (Mack symbolsy of AL iriy rurdlanea
within cach age proup as delived from the madal decomposition of
size fregnency distabations

Figure 5. Varaton au cours du temps de L aille moyenne des
nrtes (svimboles Banesh et des temelles Gymboles noirsy de

Modvis ratllenti pone chacun des groupes détinis par Canalyse
niodale

one ca suppose that energy allocation on reproduction and
the assoctated mortality risk is greater for females than for
males in these animals (see atso Berglund, 1981). On the
other hand. recent studies discuss on {emale spawning
migration hehaviowr o explain sudden deviations of sex-
rahio toward males in marine decapods (e.p. Freire et al,
1991 Creasey vt al. 19973, These migratory movements of
ovigerous femules would probably be addressed to reach a

maxiow e the reprodaction saecess, Tor example by
liberating tree plankiotrophic furvae in more productive
areas. Ly any case, the decrease in the number of females of
ihe studicd population would lead 10 the observed
pronounced ditferences between male and female size (as
only hig. mature female are leaving the population). These
diferences were far from evident during spring wd summer
months. it should be pomted out that female size follows
better defined seasonal patterns than that of the male, and
this may suggest that seasonality in size dilference is Jue (o
unexpected changes affecting the growth of femates, but not
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Figure 6. Overalt distibation of the number of temules m size-
elanees. Bar indicates toml number of Temiales in a given cluss,
fower (solich portion representing ovigerous females and portion
on tap thatched) indicating tqon-ovipgerons females

Figure 6. Distribution généraic du nombre de femelles par
classe de taitle. Fa Jongueur tokale des barres représente le nombre
(otad des femetles dans pne classe donnde, 1a partic sombre repré-
sente les femelfes ovigeres ot ta partie rayée represente les femelles

% of gvigerous l[emales / lotal females per month

Figure 7. Percentage of oviperous females on total namber of
females per month versus the mean size of females (mm) per
miongh.

Fignre 7. Pourcentige nensaet de femelles ovigéres sur Pen-
semble des femelles par mois, versus fa taitle moyenne mensuelle

nok-avigtres, dev femelles (imm).

1986 1387

May Jun Jul Aug Sep Oct Nov Jan Feb Mar Apr May Jun Jul Aug Sep Oct

%o ovig lemsles ~p (750 R IR R 50

sex-ratio ——— | _
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Figure 8. Diagram <howing the main cvents observed between two hreeding seasons of the studied population of Munida iris rutlandi.
Ui towards e end of the breeding season. moriality or (and) migration affect the oldest females. As a resali, twe changes in the
population strictire are observed in (e following months: a) there ix a devintgon of the sex ratio in favour of males, by size dilference
herween males and females appears. (23 the incorporation of abundant younger individuads with a balanced sex ratio into the population
results i gew sex ratio close 1o 1,10 The size difference observed between mates and fermales disappears slowly, decreasing when old
mates die and the new generation grows. (4): the population eniers the next breeding season with a hudanced sex ratio and no size
differences between sexes. (5 events simiar (o those described in 1 and (b) renew in the next breeding season,

Figure 8 Diagramime résinmant les principaux ¢venenients qui surviennent endre deux plrindes de reproduction dans fa popalation éu-
dide de Munida fris rardandi (1) 2 vers Ja finade Ta saison de ponte sarvient une moradité ou (et) une migration des femeies Jes plus éigées.
Wen résulte deux changements dans Laostractire de b poprdation : £a) une moditication de Ja sex-vatio cn faveur des males ; (b) Vappari-
ton drune différence de taille eptree miles of femetles. 23 U arrivée de gombreny feunes individus, dont ky popalation présente une sex-
vatior Cquidibrée. condnin e sex-ratio proche de 104 La ditférence de taitle entre miles of femelles disparnit progressivement avec la
mottdes miles fes plas dgéset fa crobssance des jeunes: (4 53 Tasaison de ponte suivante, fa popudiation se caractéeise par unc sex-ratio
Eyuitibree e une taille comparable chey les mides et les femelles. (5) © Des processus comparables @ 1) 1 ib) réapparaissent § la tin de
la saison de ponte suivane.




[EX) REPRODIUCTION OF MUNIDA RIS RUTLEANTI

A

males. Conversely the effect of scantiness of females on the
ditfercnces between male and female <izes persists much
longer than the skewed sex ratio. Ditierences would decline
only when the generation of old males disappeared and,
concarrently,  when  males  and  females  from new
pearations have reached bigger size. This would happen
Justbefore the heginning of the next breeding season, when
the” percentage ol ovigerous females reach high values
;lguin. This dependent scantiness of females season (either
ducsn differential mortality or spawning migration) also
provides an explanation for one of the most steiking facts we
found: the negative correlation between the two paramelers
which have the more pronounced scasonal trend, viz. the
percentage of ovigerous females and the difference in size
between males and females (r = -0.5518; P = 0.0120).
Furtherore. this relationship becomes more evident with a
one lag-month crossed corretation amalysis.

Similar shifts in sex rato have been alvo observed
other members of the genus. For example, Hartnoll et al.
1992y found a propounced scantiness of females in Munid
yarsi following a post-hatching moult peak, but this
phenomenon was not found in males. However, the authors
cxplained it by a fermale’s cryptic (burrowing) behaviour.
Anoiher study on Munida gregaria (Zeldis, 1985) surveyed
three cohorts (from 1976, 1977 and 1978) during a ive-year
period in their lutest phases. Paying atiention to generations
spawned mo 1977 and 1978 (rom March 1980 10 March
1981 sce Fig. 120 Zeldis, op. ¢it, a scantiness of females
with regard to males is implicit.

Taking the percentige of ovigerous females as an
ndicator of mating and hatching periods (summer months),
it becomes evident that daring these months individuals of
M_irix rurlfani are higger. This appears very pateat among
females {1 = 0.8349, P < 0.0011 Although significant, the
relationship is Jess obvious for males (r = 0.5996; P < 0.01)
and could be explaned by the fact that bigger males could
probably survive the breeding perinds or not migrate as
previously discussed. These tendencies are also related to
the tuct that ovigerous females tend to be bigger than non-
ovigerons ones, The combination of these factors indicate
that there iy a maore or less critical size yeached by both
temales und males o be able 0 reproduce and that the
population is, to a certain extent, synchronous on that point,
This synchrony oceurs in summer but is rapidly lost after
that period, mortality, or migration, in older females leading
lo the differences between size of cach sex and a male-
biased sex ratio. During the rest of the cycle, while
individuals from younger coborts are incorporated into
sexuatly mature classes and older males have lelt the
population {ess simuftancously than the older females did),
these dilferences progressively disappear. At the beginning
of cach new breeding season, all these disturbances
disappear, as it is shown in Fig. 8.
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