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REPRODUCTION AND GROWTH OF THE SMOOTH PEBBLE CRAB PHILYRA LAEVIS

(Bell 1855) AT TWO SITES IN SOUTH AUSTRALIA DURING 1990-91.
by STEPHEN C. McKiLLup* & RUTH V. McKiiiups

Summary

Mokiiup, SC & MekiLiue, R, V., (1994) Reproduction amd growth of the smooth pebhle craby Philvea laets
{1311 1855) al two sites in South Austratia during 199091, Trons. R, Soc. § duse, 118(4), 245-251, 30 November,
19594

The growth jind 1ife history of the smooth pebble crab Phlvn nevis (Bell) Was iaterred (rom collecionmy nrulye
between July 1990 and December 1991 From Sultapa Point and Coobuwie, South Australia. £ Javas appeared
w0 be semelparous and o reproduce twice a vedr i both sites. Al Sultana Point ovigerous females were commmen
in winter (June-July) and from kate spring to late summer (November Februaryl Dewmd adults werc common from
late winter o carly spring and also in carly summer. Distinet coliorts of new reeruits were faund in carly spring
and again in carly summer. Recruits grew tapidly, reaching sexval maturiyy within four months, The mean sice
of adult femules and the proportion which were ovigerous differed amongst populations. A laborstory experiment
showed tha food availability affected growth and whether females became ovigerous. We postubiite that differences
i size and ovigery amungst populations of Philyra fucviy may be ciused by differences i the availability of food,

Ky Worns: Philyvra, pebble crab, life-history, ineeridal, foud. siandfla

Introduction

The smonth pebble crab, Philyra laevis (Bell 1855).
15 common on sheltered intertidal sandflats in southern
Western Australia, South Australis, Tasmanis and
Victoria (Phillips ¢1 af. 1984). Hale (1976) describes
the leeding and courtship behaviour of B Laeviv, but
e else is known aboul this crab. Tusinaman
populations ol £ laevis have been reported to host a
nemerntean (genus Carchionemertes) (Bell & Hickman
1985) and the trematode Micropliallis pavagrapsi
Smith. 1983 (Bell 1988). From 1990-91 we studied the
feeding behaviour ol Philyea laevis, linding that
although individuals often ted upon other dead or
dimaged animals, many were unwilling to feed upon
members of their own species and that water borne
coes [rom damaged 2 laevis inhibited  fecding
(McKillup & McKullup 1992). During the study. we
collected P laevis over an 18-month period from two
sttes 10 kilometres apart in South Australia, and also
sampled 10 other southern Australian sites. These da,
logether with results of a laboratary feeding
experiment, are used w infer the life history of £ faeviy.

Methods

Sampling of Philyra laevis from Sultana Point and
Coolrowie

Samples of Philvea laevis were collected from the
itertidul sandflat gt Sultana Point, lower Yorke
Peninsulu, South Aostralia (35.08°8 137.44°E) in July
1990, and then approximately every four weeks from
September 1990 0 August 1991 and in December 1991
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The sandflat at Coobowie Bay, 10 km north of Sultina
Point, was sampled in the same way but less [requently
(November 1990 und Junuary, March. April. Avgust
and December 1991)

P laevis is active whilst the sandflat is covered by
water during ehb and rising tides, but remasing buried
in the substratum at high water or when the sandfMa
is vompletely exposed (Hale 19761, At least 30 and
usually more than 100 individuals were collecred from
within the interlidal zonc where P luevis occurred
(From low water m about mid tidal level) between the
time of low water and when the sandflut was inundated
by the rising tide, At each site ut least M60m” of
substratum, consisting of several haphazandly chosen
(0.5 metre wide strips from the water's edge o md tide
level, were hand searched o a depth of 15 em. P laeviy
was found no deeper than 3.0 cm in the substratum
(McKillup & McKillup unpubl. ). Crabs were frozen
and laler examined for sex, whether females were
avigerous, and the carapace widlh of all individualy
wiry measured 10 the nearest Q05 mm.

Reproductive condition wid average size of adult
fenales ar addittonal sives

During January and February 1991, al least 75
Philvra laevis were collecied from each ol 11 sites in
South Australia and one in Victoria (Swan Bay within
Port Philip Bay), and examined for sex. size and
reproductive state is described previously.

Labaratary experimen on sexual development and
growth '
Abdominal morphology i the Crostacea can usually
be usea to determune sex: aduh males often have a
relatively narrow, concave sided and tapered abdomen,
whilst females have a broader and often circuli
abdoinen almost as wide as the carapace (Hartnoll
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Lige 1 Abdoniinul ioephology of Pliffvea faevis, From leli
tinrights male, intermcdiate ¢ = juvenile Termale s and adulr
tenale

IDE2). 'This was the case fur all Plilvea faevis with
carpucas wider thun 13.5 mm, but thrée morphological
types were foumd i crbs 13,5 mm wide nr soialler:
the twi previnusly described forms, plus individuals
with a convex Sided ubdomen which, at its widest
point, wiss approximately hatl the width of the carapace
(Fig. 1) The last described individualy were named
“intermedialey’

The growth of 20 females, 20 ey mediates and 20
males. all ot carapuce width L5 mm ar less, was
observed i the laboratory Considering that we alsa
found difterences in the size wnd proportion of adull
lemales which were ovigerous gmongst sites, and thal
ditferences in adult size  amongst  (unspecified)
localities  were also reported by Hale (1976),
nhservatrons were made as part of & manipulative
luhoradory expeniment designed o examine the etlects
ol tood availabulity upon growth and egg production
ol Philvia leevis. Crabs were placed mdividually an
S0 x 50 % 30 mim deep plustic dishes, cach filled with
40 il of seawaler, All individuuls were numbered an
the dorsal sule of (heir corapuce with nop-taxic
waterproof ink. Six dishes, contatning two males. two
fenales and two imermediaes were placed within cuch
of 10 lidded 280 > 380 = 10 mwm deep plistic trays
contiining seawaler (o depth of 10 mm. Aeration wis
il needed. The seawaler in the trays mamtdined a high
level ol humidity which reduced evaporation Irom the
dishes and also provided g manne environment for the
few crahs which ¢limbed oot duripg the expeniment.
Trays were kept dt roum emperalure did qutural duay
lengeth

Five (rays woere assigned randomly o a “high food”
treatment and the 30 crabs within these were fed every
working day (from Monday 10 Friday), whilst the 30
criabs in the other five trays were fed weekly, on
Wednesdays, as u “low food™ treatient. Dilferent
freguencres of feeding provide different levels of tood
avallabihiny o diverteboates (c.e. Culow 1973; Morardy
78, For ¢uch feeding the six crabs in o tray were
removed, pluced in six seporate dishes used for feeding
only and offered aef libitum crushed cockle. Kutelvsia
sedfaring Lankirck. Trom Sultuma Powi. £ faewis s
often fruned teedimg on this bivelve in the ficld
(McKillup & MIillup 1992) All ¢rabs fed for 12 min
ar less und were returned 10 their permanent dishes

McKN1UP & RV MeEILLUP

after 15 min. This method of teeding prevented the
seawaler an the permanent dishes from becomnlne
fouled: it was replaced fortmightly. Crabs were
inspecled on every working day, individuals which had
moulted were examined and sexed as enher male,
femule or mtermediates, dand any which had climbed
out were repluced in thelr dishes.

Ihe eaperiment began on April 2nd 1991 using new
recruits from [he December (990 - January 199) cohort
it Coobowie.and continued unl all erdbs had moulied
sl Jeast onee.

Resulls

Sampling of Philyra laevis from Sultaria Poinl amed
Coshoweg

I'he size structure o (he population of Philvea laevis
al Sultana Point From July 1990 o December 199 4
igstrated in Figs 2. 30 In mid-wanter (July 19903, ail
nudes were @ leust RS mm wide, all lemales at Icast
7.5 mm wide and 93% of the laner were ovigerous,
By eurly spring (Seplember 1990), dead males and
lemales were extremely common and large  live
individuals were not; almost half of the Live males
pullected were sinaller than 8.5 mm and appeared (o
he @ distingt cohort of tecent recruits, Only two live
aduil lemales were (ound; both were more than 7.5 mun
wide and ovigeraus. The remainder ol the sample
consisted of “infermcdiates” 7.5 mm wide or smaller,
which were not present in the July sample, A
laborstory expeniment showed that intermediates were
juvenile fenales (see below). In mid-spring (October
1990) unly one coburtof miles wits present, and these
mules were Lurger than the recruits first scen an the
previous month. The juvepile fenules were also larger
and sonne relanvely small adult females were present.
bul none was ovigerous, In lute spring. (Novembes
(990}, wo juvenile lemales were found: the sample
consisted ol adub femules it lenst 9.5 mm wide, 80 %
of which were ovigerous, plus males from 4.5 10
18,5 mm wide, In early summer (December [990)
anolher cohort of relatively small males was present.
together with a cohort of juvenie femles up w95 min
wide. Dead adults were aguin common, but live aduls
were also found and 71% off adult females were
ovigerads. The small males and pdvemle terales
continded o grow (hrough summer and avtumn
(January w0 April 1991) and the number of nvigerous
adult females declined (306% in January. 14% in
February and 56% in Murch). From mid- w late-
autumn (April and May 1991 no juvenile females were
found and only L3% and 2% respectively of adult
temales were ovigerous. bt inearly winter June [991),
the percentage of ovigerous femiles hud risen o 68%
and further inereased w 94% by Lare winter (July 1991)
The early spring (August 1991) sample was very similus
(¢ that of Septerber 1990: dead adult nmades and
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Fig. 2. The size structure of female Philyra laevis collected from Sultana Point, South Australia on 14 occasions between
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Fig. 3. The size structure of male Philvra laevis collected from Sultana Point, South Australia on 14 occasions between
July 1990 and December 199].
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females were common and the sample ol live Philvra
laevis consisted entirely of juvenile females less thin
8.5 mm wide and males which were almost all smaller
than those collected during the previous month. The
December 1991 sample was similar w the one from
the previous December, consisting of adult males plus
adult and sonie juvenile females, with 65% of adult
ternales ovigerous, Dead adults were sgain common
on the sandflat at Sultana Point in December 1991
The data for Coobowie were consistent with those
from Sultana Point. In late spring (November 20th
1990) only mudes and adolt females were found, but
in mid summer (January 19th 1991) juvenile leniales
were also present and dead males and adult femuales
were common. The average carapace width of the
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cohort of juvenile females present in early autumn
(March 17th 1991) was larger than in January and most
uppeared Lo have moulted o adults by April 13th 1991,
In late winter (August 18th 1991) dead adults were
common and juvenile females plus small males were
present. In early summer (December [9th 1991) dead
adults were also found, very few live adult females
were present and juvenile females were common.
The mean carapace width of adult females was
always greater at Sultana Point than Coobowie (Table
1) and a grester proportion of adult females wis
ovigerous at Sultana Point than Coobowic on five
occasions when comparison was possible (Table 2).
Males were not compared since it was impossible to
distinguish between juveniles and adults.

TaLE | Comparison of the mean carapace width (in mm) of adwlt female Philyra Yaevis from Coobowie and Sultana Poini,
The Newember collections were made 17 daxs upart; on the ather 5 occasions crabs wore collacted from botl sites on the
sume day. X = mean, s, = standard deviation and n = sample size

Site

Coobowie Sultana Point
Date collected i 1 5, n X 8y
Novermber 1990 33 0,23 2:37 125 13.17 2.02
19 January 1991 17 1274 1.75 449 13.19 1.73
17 March 1991 52 12.62 142 71 13.68 1.72
13 April 19491 85 13.18 .75 65 14.19 1.77
18 August 1991 21 1182 1.94 none Tound
14 December 199) 9 11.72 1.72 22 13.50 1.83

TasLic 2. The number of adult female Philyra lacvis and those ovigerous i samples collected from Coobowie and Sultana
Podnt on & occasions durtng the same shonehe,. The Novemher collectons were made 17 days aparr; on the other 5 occasions

crihy were collected from both sites on the same diry.

Site
Coobowie Sulna Pom
Dule collected Collected Ovigerous Collected Ovigerous
Niwember 1990 33 I 128 119
19 January 1991 17 0 49 15
17 March 199] 32 0 71 4
13 April 199] i) 0 65 i
I8 August 1991 22 I5 0 -
1 December 1991 9 0 22 14

Tasie & The percentuge of ovigerous adult female Phalyra laevis ar 12 sites sampled during January and February 1991,
tugether with the mean carapace width of adult females from each site.

Duite sampled

Site

Number of Mumber and Mean carapace

19 January 1991
19 January 1991
19 January 1991
19 January 1991
19 Janusry 1991
20 January 1991
20 January 19491
29 Junuary 1991
29 January 1991
2 Fehruary 1991
2 February 199]
13 February 1991

Edithburgh Bay
Suluana Pomni
Coobowie
Hickey's Poin
Stansbury
Pount Turton
Rogues Pont
Jumes Well
Pine Point

Foul Bay

Sturt Bay
Swan Bay (Vic)

mature femuales percentuge width of
collected ovigerous lemales (mm)

4 0 (U) 12.67
49 15 (31 13.19
17 1] (] 12.74
25 2 (8) 13.10
LR ] 1 (21 14 .35

3 0 () 14.83
] f (7) 13.90
20 1 (5) 12,65
23 I (4) 12.33
87 0 () 13.89
70 10 (14) 1310
bt 56 (85) 17.46
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Reprodicetive condition and average sice of females ar
wddirivnul sites

Dt for the number of adolt females collected and
the number and percentage which were ovigerous 107
12 populations sampled o oid 1o Tate summer 19491
dre in Table 3, The percentage of avigerous females
decreased an Sultng Point from Junuary 16 February,
st ouly swnples collected on the 19-20th January 199]

were  compdred  statisticilly.  Nevertheless,  the

proporion ovigerous diflered significantly amongst the

seven sites sarnpled on lower Yorke Peninsula (2 x 7

contingeney lable comparison. dI = 6, Chi-squared
stutistic = 2226 P< (0.005) The significant
heterogenetly amongs! sies was Jurgely dae v the
greater proportion of ovigerous lemales at Sultana Poinr
(Tahle 3 Considering all sites sampled. the highest
pereentage of ovigerous adule emales (85'%) was al
Swan Bay, Vicworia during early February twhen only
% were ovipgroos al Sultuna Poinl; see carlivr
discussion of Figure 1), The Swan Bay population also
contiied  the  largest Philyra  laevii lonnd.
Furthermore, for the seven sites sampled from the
19 201k Banwary dexcluding Point Turton where only
three lemales were collecled). ovigerous famales were
found only ar sites where the average carapace width
of femles was greater than 1300 mm (Table 3).

Labararory exprritient an sexial developmen

Male, adult female and “inteomediate” Philvra laevis
ollered Toad on five of seven days per week moulted
sooner than those only fed once per week (Table 4).
At thierr first inoult in the laboratory all males moulted
1 makes, all females (o females and all intermediales
to females, excepr for the two smallest which remained
as the mtermediae form unril they moulted again. In
all cases the variance of days ¢lapsing before moulting
wis grealer i the low tood lreatinenl, und by
wspection the distributions i this reatment wery
shewed o the rght. None of the adul females in the
low lood rreatment, botall in the high food ireiment
were ovigerous hy July 1991

Discussion

Philvra faevry reproduced wace @ yaar af Suliana
Point and death of most adults during 1he hreeding
months sugpests tns species is largely semelpurous
Recruits found o carly spring (September  199(0)

reached sexnal manurity and reproduced trom late
spring 1o late sumimer (November 1990 10 February
1991). while those first found 1n early summer
(December 1990) reached sexual anarity by nnd-
autumn (April 1991) and reproduced unlil early winter
(June 1991). Data from Coobawie were consistent with
this pattern of recruitment, but suggest that many aduh
P laevis &t Coobowie did not reproduce in the summier
of 1990-91, although data were scanty, being only foe
November 1990 and January 1991

Recruits were found one month afier reproducing
temales were present in laie spring and 1wo momhs
after they were present n carly winter, Considering
thit the sandTat was only sampled monthly. (hal the
smallest evab found was 28 mim (McKillup &
MeKillup unpubl.) and that smaller individuals were
likely 10 be overlooked amongst sand grans and
detrits, the larval stage of B fuevis is Likely o be of
relutively short duration (perhaps only -2 weeks).
Another member of the same genus, the purse crab
Philyri globosa (Fabricius), his a larval stuge kisting
I days in the laboratory at an average temperature of
ZROC (Krishnan & Kunnupandi 1990),

The moult from juvenile to adult form in females
appears o coincide with sexual maturity, since only
twao females with juvenile ahdomens of more than 300
examined were ovigerous (McKillup & MceKillup
unpubl.i. A relative (“non-allomelric”) increase in
abdomen compiared W carapace width during the moult
1o adulthood is common in bruchyurans (Harinoll
1974),

For siles sumpled [rom the 19-20th Junuary 1991,
a erealer proportion oF ovigerous adult females was
present where the mean carapace width of females was
relanively lurge. Also, there was u greater praportion
of ivigerous females at Sultana Point than Coobowie
on all pccasions when comparison was possible,
Dilterences amongst sites were not caused simply by
Larger femles heing more Likely 10 be ovigerous,
examimation of the data nsed w0 compile Tible 2 showed
thut in November, 60 of 69 adult females between 8
and 13 mm wide were ovigerons at Sulana Point, but
none of 19 collected on the sume date and within the
siame Size range  wias ovigerous al Conbowie.
Furthermaore. on Tanudry 19th 1991, pone of the 17 aduls
females collected Trom Coobowie wias ovigerous, even
though the carapuce widdis of these mdividuals were

TABLE 4 The mean duvs vlapsing hetare Phalyva laevis fiest maalicd v dugh and low food irearemems. 3 meun
8, shindurd devietidon, n = sample size
Treatmeni
Fligh ol Livwy Fopd
n 5 n % -

Mules 1 210 178 ] d9.14 17144
Funales U 235 138 10 45.20 24-3)
Internedianes mn 2hm i 14 3510 Zl 8i
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within the size range of the 15 ovigerous [emales
vollected from Sulana Poant, Sinubarly, on December
I7th 1991, none of 9 adult fermales fram Coobowie wiss
oh igerous, even though six were within the size range
of ovigerous females From Sultime Point,

Results of the laboratory experiment were consistent
with [ood supply affecting the frequency of moultmg.
A sample of criabs will contam individuals at different
stages of the moult cvele. In the low foad group, cribs
aboul 10 moult would have done so svon after the
experiment began, bui those which had monlied shortiy
belore heing collected would have 1o prepare 1o moull
agdin under the laboratory conditions of low food
availability, In contrast, in the lugh Tood group, crabs
prepared w moult would do so_and others which hud
fecently moulied would have adequale resources
aviilable o grow and moult agan. This can explin
the greater mean, variance and positive skew of the
number of days before moulting in the low compured
10 the high Tood treatment (Table 4.

We suggest, for the following reasons,  that
differences i si2¢ and the propaortion of ovigerous adult
fennles amongst sites were caused by differences in
food availabihiy: Firstly. in the laboralory, crabs in the
high food treatment moulied sooner (and therefore
grew faster) than those m the low lood treatment, und
only feiales i the high food treatinent produced caes.
Secondly, adull temale B faeviv al Covbowie were
consistently smaller than those at Sultana Point The
intertidal scavenger Nassariis pogperatus (Lamarck),
4 prosobranch snail which occupies a similar niche and
is often found iceding with Philyea laevis, is also
staller Gond hungnen) at Coobowice than ol Seltana
Point. and we have postulated there is less food

available 1o N pauperaiiy wt Coobowie (han-al Sultana
Point IMcKillup & Butler 1979, 1983; McKillup 1983)
Furthermore. we hive muore recently postulided tha
intertidal seavengers niay generally be shon ol Faod
(McKillup & McKdlup 1994). All South Austedian
populations of P fuevis ssmipled contmned smaller
females an average than the population at Swan Buy
Victoria, suggesting rthat lood avallability ay be
liminng the growth and reproduction of  nuny
populations. of this scavenger, Notably, females of
another Teucosind crab. Ehulia laevis (Bell, 1855) were
only found ovigerous during December. Januay. May
and August at Wellington, New Zealund, but records
from other localitfes suggest the duration of the
reproductive season vartes amongst siles (Wear &
Fielder 1985).

The hypotheses that differences i fond svailabiliny
are limiting the durgtion of the reproductive pertod of
Pinlvra faeviy and  (har individuals i natural
populations of this species are short of food could be
tested by frequently feeding marked individuads in the
Neld and compuring their growth und reprodoctive
output with the rest of the population, The results of
these experiments may explain why Philvra faevis has
u relatively short hifespan and two seasonally opposced
hreeding seasons i Sauth Australi.
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