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Compared with subtdal lovels, the intertidal zone is ch araclerized by cn-
vironmenral variability. Organizms living in thig region are subjected to cyclic
flucruations in lemperature, moisture, salinily, and other physical parameters. .
Resistance 1o desiceation during low tides becomes a major adaptive problom,
especially during the summer months, when waler loss is accclerated by higher
fernperaturas,

Arthropods inhabiting exposed rocky beaches exhilit various capacitics for
survivat away from water. From the low tide level 1o the high ticle mark Lhey
can be viewed ag models for the transition from water ta land, Although msects
and arachnids have extended their range even inta the doseris of our world, the
Crustacea have lagged far behind in their colonizalion of the land. The
brachyuran and anomuran decapods (crabs and hermit crabs} in particular do
not generally stray tar from water, Vheir advance inland would serm to Lae
limited sigoilicantly by a relatively poor ability to prevent water loss by
evaporation (Edney, 1960). Apparcntly, Lhe difference arises from o waxy
Javer in the cuticle, which is present in ingects and ar achnids, bul absent in
Crustacea, Hence, the Crustacea are restricterd in their landward movernent hy
a waler pevmeable exoskelctan.

On the intertidal zone, Crelograpius fovarwd H. Milne Edwards, 1853, are
concentrated primarily between 0.7 and 1.6 m above the low tide level,
Herigrapsus edwardsi (Hilgendorf, 1882) is found gomerally w ithine the 0.2 10
1.1 level; Heterazius rolundifrons H. Milne Tdwards, 1867, between .0 and
1.0 m; and Parelisthes elomgater {H. Milpe Fdwards, 1837), an anomurin
species, between 0.0 and 0.9 m. A study of four species that are concentrated,
during any viven meonth, at diflerent levels within the intertidal zane prov wdes
insight into certain design modifications—especially surface area/volume rela-
tionshipg—that mighl be brought 1o bear against the desiccation problern.
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At the Wellington Marine Labovatory (Vicioria University, Island Bay,
MNorth Tsland, New Zealand), swrveys indicated a lower stze Hmil, which mousc
proportionatly with increasing elevalion from the low tide lovel and extended
across sex, specics, genus, and family lines ([Ig. 1), Individuals with carapace
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Tig. 1. % snalies) represertatives of Paselishe dengatier (o), Hetenzlus sofundgfons Qmper circls of

fefrh vertical row, at 408-0.5 10}, Hendgratsr edisordis fhalf Glled vircles), wned ©pefoprasns faoous

(@) [rom each .1 m horiron above the sublittoral Fringe . {Compiled from 2 sunvey tranzcets

mver @ i month period. Swnple size per specics: Pareofietfey slvngetis — 508; Heterzing rofundifiony —

34, Hemigrafuur sdrande = 35320 Opeloprapsos dbvaaad - 156, Tata] arce ssmpled — 70 m®), Both
sCmGs dre represented inoche sample,

diamaeters = 5.0 mm — tnostly Pefralisthes elongatus — were restricted to the
.07 o lewe]l. Penetvation higher on the shore, into the (1.7-1.2 m zone seems
e require, for all species, a higher carapace width (5.0-7.5 mm). Above the
1.3 m level, a region dominated by Cwelograprurs lovanxd, carapace widihs did not
range below 1000 mm (with bat a single excoption: an 8,5 mm mdividuad o
at 142 m in Auagust 15981 Tn essence, the smallest individuals were restricred
ta the lower shore, while larger cvabs could range more frecly and, parricularky
in the case of the two grapsid species (Hemigrapsus edwardst and Chelograpsus
faweaner), wore the only ones able Lo advance higher than 1.1 m above the Jow
lide level. Herreid (196%) and Warner {1969, 1977) have sugzested that rates
of water loss change in a regular way as body size inereases. Pifferent rates of
desiceation appear to be rosted in genmetry {Pellegrine & Stoff, 1983): as oh-
Juets of the same shape become larger, volumes increase laster than surface
areas; henee, juvenile cxabs, with Lheir bigh rario of surface to volume, guickly
evaporale water and cannot venture as [ar ashore at their larger conspecilics.
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The Cook Strait region is climarically lemperare bul equable, wilh summoer
extremes ol air temperature ravely exceeding 20°C and freezing conditions ab-
sent during winter, Equable climate probably accounts for the yvear-round per-
sistence of the four gpecies above the sublittoral fringe, a region vxposed only
during low spring tides and nertherly olfshore squalls. By contrast, rocky
beaches at the same latitude on the New York side of Long Island Sound are
subject to winter freozing, and interlical erabs sheller in sublitloral watees dur-
ing thiz (Ime.

This paper examines the rale of cxponential rolationships boetwesn surface
area and volume on sach species’ tolerance to desiceating condilions. An ap-
parent relationship between surface arcafvolume ratios and resisLance to desie-
calion as a canse for scasonal changes in population density and size distribu-
tion {at given horizons above the low Lide level) of four differcnt litraral spocies
is cligonmsed, '

SMEFTTONG

From April 1980 through June 1981, Petrolisthsr slongatus, Heterozius rotun-
difrons, Hemiprapsus edwardst and Cpelograprus fopauxi were sampled monthly
fromn one of twa well detined transects at Tsland Bay, The transects were chosen
for their relatively gradual indination and an abundant supply of loose rocks
with diamerers between 50 and 250 mm. The substrate is pebbly, becoming
fine-grained (silty between 30 and 80 mm below the surface. 'True burrowing
species arc absent. The chief hehavioural moechanism demonsirated by all {four
specics lo combat desiccation is Lo sheltor under rocks during the low Lide, and
not o move from their shelter, at least during davlight hours, until it is again
submerged. The crabs digplay an apparvent preference for rocks legs than 300
mm across that do not penetrate more than 50 mm into the substrate. The
lateral separation between transcots 1s = 200 . The transecls werc sarnpled
alternately (starting with transcet A in April 1980, Lransect B in May, transect
A in June, erc.} to maximize the interval butween samples al each sitc, during
which Limé a transect could be re-oceupied by crabs from adjacent areas, Also,
the use of two Lransects permitred an interpretation of whether Lhe results were
reprosentative of what might be found on sitnilar beaches elscwhere, or
whether they were merely an artifact of cach transect. For each transect, a line
of metre sguares was sampled from the tow tide level (ELWN or ELWS for the
day of samplc) to the mantime zone, which begins about 2.0 1 above the
sublitloral fringe. This region is under the strong influence of salt spray, hut i
reached by the lides only during southery gales. The elevation ol each moetre
square, frow the seaward o the landward side, was measurcd with two sticks,
each 1 m long. The [irst was placed vertically on the seaward side, and the sec-
ond horizontally (using a spirit leve]) with one end raised on the landward side
and Lhe other brought level against the [irst metre stick, A mean area of 14 m?,
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vielding an average total of 83 Pamlisthe slongains, 65 Heterozius stundifrons, 31
Hemigrapsus edwardst, and 29 Oyeloraprus Joeaurd. was sampled each month.
Specimens sampled lrom cach metre square were preserved immedialely in
7% cthanel. '

Size disrribution was derived [run the carapace widths of all collected in-
dividuals, messured in the laboratory to the nearest 0.25 mm wsing hand
calipers (for individuals with carapace widths = 10.0 mun) or 2 micrometer
eyeplece in 4 stereo microscope calibrated to the hand calipers.

Frr the desiccation portion of the study, crabs representing the range of
carapace widths observed for cach species were collected from hoth transects
and maintained in a laberalory aquarium overnight, Water loss was measurerd
as prereent weight loss (over a 10 hour period) from the [raction of warter con-
tent in the tlssues of cach species: Frirolisther elongatus (87,6 £ (055}, Ilaterazius
rotundyrons (46,3 + 1,05, Hemigraprus sdioardst (590 + 1.0, and Cydlepraprus
faauxd (G000 L 1.0% ). Percent water content was derived from the difference
between initial weights and dry weights of 10 individuals of cach species {ob-
tained after 12 hours under vacueom ar 10-3 tor), Percent water loss data were
prelecred over percent weight loss to limit bias resulling from interspecies dif-
fevences in the concentration of sheletal material {¥oung, 19783 For example,
it more of the initial weight is warer (as in the case of Batroiicthes elonpatur, which
appuars fo display a velatively reduced skeletal mass), then loss of this waler
will be recorded as a relatively higher percentage loss of lniia? weighe.

Crabs were blotted with tissue paper for 30 scconds to absorb excess warer
on the integument, then placed in individual open-top plastic conlainers. Each
container was housed in a scparate silica sel desteeator thraughout the 10 hours
experiment {except for hourly weighings, cach ocoupying < 30 seconds). The
temprerature remained af 14 + 190 and the room humidity at 79+ 2% . The
humidity in the desiccators remained ar 70% throughout the experiment
(lemperalure and humidity were statistically determined [rom continucus
menitoring throughout the experiment). The desiccators remained unscaled
untif eommencement of the cxperiment, and were used only to maintain eon-
stant humidity during a4 10 hour perlod. 70% humidiy is consistent with
humidity in the leld, @nd the resulis oblained depict water Joss in the absenee
of sheler,

Surface arras wore measured by applving a thin, even coal of alumininm
over erabs, Line-ol-sight application {i.e., radiating from rthe aluminium
suurec) was made using an Edwards 306 3. E. M. Planctary Workholder (rova-
Lon ol central disc was 110 rpto; with orhiting discs, on which the crahs were
mounled, making four rotalions per orbit). 20 mg of aliminium was
evaporatid onmo the ventral, and then onto the dorsal surfaces of the crabs.
The coating rime was 1 minute 15 scoonds for each surlace at a vacuum of 10-5
tor. Crabs were killed by desiceaiion {which induces members of all four
species to strike a characteristic pose with chelae and legs ougpread), dried for
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one weok over silica gzol, then stored overnight under vacuum prior (o coating.
(Inder a microscope, all crabs appeared evenly coated on all body surfuces, ex-
cept [or minor shadowing al the leg joints, parOcularly points of attachment 1o
the cephalothorax, This source of ervor is, however, relalively grandavd among
all individuals, regardloss of size or species. As a calibralion, against which
surface arcaz could be plotted, shecy polythene was cat inte squares of known
surface area and coated alongside the erabs. The ameount of ahwninizm coated
onlo the crabs and the conlrols was then measured by alomic absorplion spec-
rravnetry. The aluminium was dissobved from the crabs’ bodies with 1H%
hvdrochloric acid, and distilled water added uniil the total welght of the solu-
tion was brought up o 4.0 g, occupying a volume of 4.0 ml {after couling
under vacuum, the crabs, through a range of sizes ap to 1530 mm, varcd be-
tween 0,015 and 0.340 gy a 17.0 mm Cyelograpsus favowsy weighed 0,550 g)t).
The mixture was allowed to sit for 24 hours preor (0 atomic absorption snalysis
(o ensire 4 homogenous concentration ol alumininm throughout the solution
and also in the erab residues, From this homogenous and mildly acidic solu-
tion, a sample { < 0.5 ml) was extracted, filieved iand passed through an ATOITIIEC
ahsarption spectrometer, The concentrations thus obtained ratiged within 1
and 100 parts per million and the a.a. spoctromeler was sealed accordingly
(Price, 15727, Uncoared crabs were shown o contain negligible amounts of
aluminium already in their bodics.

Voluine was measured by displauumtm of vegetable oil, which was preferred
over waler beeause il ook 13 to 25 sec longer to ciler the space of the branchial
chambers; honce, volumelric measurement of a dricd crals move accuralely
represents aclual displaceinent By the crab body, rarher than secpage into the
bacly, '

RESLLLS

‘I'he surface area/volume data presented in fig, 2, apainst which desiceation
rates arc plotted in fig. 3, were derived [rom 1} representatives of cach species
(carapace widths are included prumarily as points ol reference for future ap-
plication of the method). The surface arca data represen three separatc ox-
periments (the [irst two conducted on four members of cach specics, the third
on twol, which vorified the repoatability of the method, as data from the second
and third experiments fell squarely within the surlace arcafvolume curves

) In the case of the 17.0 mm Srelsgrapios Tanawd, the wal weight ol the solation was brought
o to 841 g (8.0 I}, The result obtained was this halt of whet 1L wotald e e 20 @ foxcopt for
vrcduced crah dine weight crvory, and could be scaled 1o the pofythene sonteels accordingly. The
mcthnds wsed o Dz study can be applied woa broad range of irregulany-shaped chijrcts, in-
eluding sich chings as crvaral closters, A soueee ol error, of course, & Lisplacement velume of the
abjert 1o ke srulied. Surface area reselurion can be luproved by adding a thicker coar of
alarninium, which pormits the wse of & prester voleme of HO and warer, i urganic emarecial is
bt studicd, some gaits may be achiceed by asling residues i an oven prioe ro dissolving the
aluemioiuen oy sohaticn,



256 CHARLES 1. PELLECGRING

Surfaee Arsa fin mm2) Surface Araa fin mmd)
500 1004 ilr] 1M1
I I I I ?
1500 — I
E A0ao — - S l.omm [~
= S PR
E . mm
= -
£ sopf— . - - - 13.0mm
* - LAmm .
. - : L™ — éf],l}mm
. - EAmm
lomm © L L = gg:m s © 1 L H4.5mm
P. elongatus H. rotundifrons
B ] I T
4 —17.0mm
1500 — I
o - - t4.Emm
E
E 1o — . -{ 15.0mm
= M .
B . Jt2.8mm
_E + -
g S0 3— . 1 12.0mm | . ﬁ_amm
» - 10-Brmm o
[ 1 8. 3mm o “4a.smm
. i i - - 7.5mm
" 1 1 ﬁ.'smm 1 L4
H. adwardsi C. lavauxi

Fig. 2. Bwface areafvohone curves for each specics, Corresponding carspace widths are in-
dicated [ i) in tie colunn al the cight of cach chact. o indicates 2 individuals (mateh om 2
dillersat serics).

established by the first, Above carapace widlhs of 11 mm, the males of all
specles except Pefrofisther elongatus cxhibited a slighily higher ratio of volume 1o
surface. ‘The wale chelipeds in these spocies begin to grow faster in proportion
te the body (generally above carapace widths of 11.0 mm). Both scxes were
lured in approximately equal numbers at all lovels.

The smallest members of cach species died before the 10 hours desiceation
cxpevimenl was concluded, after which their weight continued to decline at the
same rate for several hours (this by ilself is evidence that melabolic activities
such as respiration arc only a minor route of water loss), The water loss at
death was as follows: Petrolisther elongatus {34-40%), Heterozins rotundifrons
{62-66%), Heamigrapsus edwardsd (= 40%), and Cyclopgrapsus lavauxs (= 50%),

A menthly reeovd of the three smallest individuals of cach species al each
0. 10 m horizon above the low tide level {ELWN or ELWS for day of sample) Is
presented in fig. 4. This approximates the lower size limit for desiccauion
telerance,
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Puring the summer months, Perolinthes elompatus and Orddoprapaw fanauxd ox-
pericneed wvortieal range restrictions (fig, 4); and agreement between bath
transcets, sampled during alternate months, is strong evidence that the results
wre; oot unigque to cithor sample site.

Fig. 5 presents meonthly freguency histograms for cach spocics at glven
elevaleng abuee: the low wde lovel. For exampde, in July, ar elevations between
h0-0L0 my, Petrofisther vlomgarus represented 37% of Lhe sample, Heferoziuy mmiun-
difrens - 33% . Hemigrapss edwardsi - 0% and  Cyeloprapues  fesatxr = 0F:
Fig. 3, which, unlike fig. 4, includes 2l individoals sampled, cmbodics dhe
zonation of the [our species. Potrefisthes elompatuy, Hemigrapsns sdwards] and
{yelograpsus fanouxt all expirience a decline in numbers during the swnmer,
“while Heferasius rofundifrons increases in frequency, pozsibly replacing Patrodisthe:
elongatus at the 0.3-1.0 m levels,

Cyelograprns favenxd, which resides highest on the intertidal zone, retreatec
[rom the 1.4-2.0 i region [oom November through March and penenrared
downward ag far ag 0.2 m {fig, 1), Seasonal varation of the lewer size Hmir
(horizonlal axis, [, 4% was ool so apparent as with Petrofiseher efimgatur and
Heterazive rotuncltfrons. "Uhis is becanse few Cpeloprapuny Japawn with carapace
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widths <2 10,00 mm, and nome < 7.5 mm (corresponding {o a volume of 125
mm*) were prosent in the transecl samples. Fig. B exemplifics the absence of
srnallb individuals amnony specieg residing progressively hicher on the shore, All
craby deseribed in flg, 3 were coltected between the sublittoral fringe and Lhe
maritime «one, Ferolisthes dongatus with carapace widlhs as low as 1,73 mm
fvolrme <25 mm?) are represented o this sample, No Heercedus mtandifrons
with carapace widihs <450 mm (volume = 25 mm*) were prosent. Rosiding
hivher on the shore, Hemrgrafirus edeards greurred at 4 minimuatn CALa e
width of 6,90 mm {voelnme = 11 mm®), and Ceclipraploer oy = 7.5 mm
(volwme = 125 wm*), Thus, the carapace widths lisied in [y, 3 suggest a pro-
oressive decrease in the availability of small individuals amaong species ranging
higher an the shore: a lower size limil whaose “value’ is mdicated by de-
siccation rates of the smallest members of each species at 14 2 1°0 and 70%
humidity, The smallest individuals of Petrafisthes elongatus and Hetervrng roiun-
#ifrans, which were found predominantly in the sublinoral fringe and lower
midlittoral zone, expericneoed = 30% water loss during the first 3 hours of the
tesiceation exporiment. The smaller members ol the 1wo grapsid specics,
which were concentrated higher in the midlittoral zone and ranged upward in-
tir the littoral fringe, ook 10 to 12 hours o loose the same amoont ol waler, A
higher minimum size range for the two grapsid species 15 consistent with ex-
istence relatively higher in the intertidal zone, as their unmediate surroundings
are uncovered for lnnger periods doring low tides {up to 12 hours near the li-
toral fringe). Juveniles of both species reside in subtidal waters until they can
advance landward.

P. elanpatns and Heteroztus sofundifrons wore observed climbing over and be-
tween submerged rocks in the suldittoral Mmoee during all seasons. Mo
Hemigrapsus edwardss ot Cyelugrapins lavanri were ohserved moving among
submerged rocks i this zone, alibough both species are active in the upper
mtdlirenral zone during high tides. Al nighl, when desiccanon prossurcs are
reduced, adull grapsids are active on the shore during low Lides,

Laboratary chservations susgest thet Opddograpens lavawsd [s more active than
Hemlgraprus admardsd when subtnerged. By day and night, given = 25 members
of cach specics, 5 to 15 Creloprepsns fovonad were seen climbing on creviced rock
or truversing the bottom at any particular time, compared with <5 Hemgrapous
edwrardsi. Morenver, = 80% of the Crelogrepons Japaur contained n an un-
covered laboratory aquarinm escaped wichin two weeks, whercas > 80% of Lthe
Hemigrapyus eefioardsi population remained, Snch differences are (o be an-
ticipated if, residing higher on the shore, Opelagrapens lavauxi remaing sheltered
under rocks during low tides for longer periods than Hemigrapsus sdioardst.

Thiring January and Felruary, crabs collectod at elevations > 0.8 1 were
found under rocks > 130 mm across, compared with 30 1o 3¢ mm during the
winter, From Japuary through March, Cpalegrapras lasans, ar elevarions
= 1.0 m, dug approximately cylindrical burrows under sheltering vacks. These
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were roughly a5 wide as the carapace and 20 o 4t mm deep. Upper midlittoral
2 lasewext were also found buried under 3 to 40 m ol gravel beneath shelter-
ing rocks. Threo or four individuals were occasionally found ogether. By
April, as temperalures began to decline and landward penecration by €. lacanxi
becare more pronounced, Burrowing behavior ceased.

DHSCHSII0N

Surface areafvolume relalionships. — It is evident in fig. 3 thal gradations in
dusicoation rate, within each of the four spectes, show cxponential relarionships
wilh Lhe surface area/volume ratio al incroasing or decreasing size,

Ameang the three hrachyuran species studied here, the surface/volume curve
for Heferosins setundifrony v shewed larthest to the vighe (fig. 2. The specilic
details of boedy desien responsible for this skewness are not vor well uncerstaod,
bul are apparently tied, at least in part, to the proportion of Lody mass
distributed over the log appendages and the degree of flattening or cylindricali-
iy of the walking legs. chelipeds,and cophalohoras, Cpelograpins lavase 1m1-
dividuals with velumes < 600 mm® have 34% of their body mass concentrates
in the legs and chelae, while Heteroaius rotundiframs (<0830 mun®) anc Hermegpropais
edfroarddsi (<2600 mm hoth = 429 body mass in Lhe leg appendages.

Heterozins rolundifrons diffors from Hemigrapius edwardsi in having more cylin-
drically comstrueted legs, chelae, and body, For analogy, if 1 mm of depih 1s
added th a strip of cardboard 10 mm long, 3 mm wide, and 1 mm deep, 1S
volume will be effeclively doubled, while its surface arca will increase only
slightly. If the same is added to a 10 mm long by 3 ram wide cylinder, its
volume will inerease at a slower rate relative o surface. area, which seems to
ronform to the relative rotundiry aof Hatereziny rtandifrens and its corresponding-
Iy higher ratio of surfacc to volume. By contrast, Fawlisthes slongatus,
throzghout its entire size range, carries approximately 70% of its body mass in
its walking legs and large, flattened chelipeds; and it volume relative oo sur-
[ace area hegins to increase dramatically boefore 0L reaches a volume of 33
o,

A rapid decrease of surlace area over volume is understandably imporiant to
Cyelograpsus lavowr which, residing highest on the shore, is exposed Lo desic-
cating copditions [or the longest periods of time; and also to Petrrlisther slongatus,
whose smallest members penctratc as high n the nterildal zone as larger
representatives of Flateroziuy rotuadifrons and Hemipropaus edisardsi. Notably,
Heatergzius retundifrons has Lhe highest concentration of skeletal material {nearly
53%) and a correspondingly thicker integument through which waler may he
cvaporated. A rapid decrease of surtace area over volumec is therciore relarively
unimporlant 1o &, retundifrons, which, at a 8/V ratio of 2.5/, survives 10 hours
desircation without shelter ar 14+ 1°0C and 70%, hoamidity, loosing only 3.3%
water weight/h, while a Parelisther elongatur with Lhe same 3/ ratio looses
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3% /hoand dies (fig, 31, At 2 5/V rade of LL7A, Heterozius rotundifrans lonses anly
1957k, while both grapsid species loose = 5%/h, which approximatces the
lethal limil during a 10 L tolerance test.

Integument permeability. — On the basis ol previous metabolic studies,
woelght loss due to metabalic carbon g pod gignilicant, as it s caleulated to be
< 1% (Herreid, 196%a; Scholander et al., 1935 Wevmouth et al., [944), Ac-
cording to Herretd (1565h), almost all water loss acours directly through the in-
tegument from the body and legs with cvaporation through gill chambers
representing as little as 1% ol the total cvaporation. As we have seen in the
preceding seotion, Ferrodisthes slonpains looses nearly 1/3 wore water/h at 2 given
S ratio than Fleterozius rotundifrons, and the two grapeid gpecies loose almost
3% as much (but grow up o 10« as large, in terms of volume), The difference
appatently resulls Irom Petrefisthes elongetus’ and the two grapsids’ relatively
smaller skeletal mass and correspondingly thinner, more permeable in-
TOgUImEnts.

The role ol {emperaturs (an cxample). — Thring July, horizons betwesn 0.0
and 0.7 m above the low Lde level wore oceupied by two or more Perrofisthes
dlogatus with carapace widths < 5.0 mm (lig. 1), Individaals in this size range
were present up to an clevation of 1.0 m above the low lide level. During
August and Seplernber, as mean atr tenperatures rose from 8.9 we 12 .0°0
{and despite the yvear-round presence of 2.0-53.0 mm individuals in the subiii-
toval fringe), representation by £ slengatus at clovations between 0.2 and 1.0m
became restricted chiefly o mdividoals In the 5.0-10.0 mm size range (fig. 4},
Atz carapace width of 5.0 mm, P elosgetes bas 4 surface aren of 238 mm2 and g,
volwe al 95 wan®. This corresponds to a 5/Y ratio ol 2.5/, comparad with
0.9] dor a carspace width of 11.0 mm (2= mm?, v=1000 mum?). In-
dividuals in the 100.0-11.0 mm sizc range can survive 10 h desiccation without
shelter ar 14+ 1700 and 70% humidily with < 10% lotal water logs, while
9.0 mm individuals loose 30% of their water content within 6 hours and dic
{lig. 3). This relationship between surface area and voluine seetns to account
for a shili, above the sublittoral fringe, to a higher minimum size range as the
mcan temperature increased during the spring season, Supportive evidence is
provided by Herreid’s (19694} study of water loss in crabs, which demonstrates
that evaporation less increases with increasmg temperature,

Svaseral variation. — From July through October, as Lhe vertical extent of
Petrofeithes elonpatus’ vange became restricted, and itg lower size Lmit rose,
Helerozius rofundgfrons mercased in frequency (relative to Petrolisthes clonpatus},
cepecially in the 0.5-1.0 m level vacated by P dongafus (fig. 3). During this
rime, at elevations between 0-0.5 m above the low tide level |, where destccation
pressurcs wore not as pronoutced ag higher on the shore, thero was a well
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defined shilt of Heterozus motundgfons from o mode (for lower size limity of
2.0-10.0 mm carapace widths o carapace widths between 104-13.0 mm {fig,
4]. In apite of the increasing frequency ol & rtundifrons in the lower maidlittoral
cone and sublittoral fringe {fig. 5), the lower size limit for individuals found in
this reglon increased more noticeably than for individual s restding on horizons
=0.3 m, Uhis was most clearly illusirated during the month of Ootober
(fig. 4}

By then, the mean size of Pefrefisthes elenpasuy n the (0.3 m region, due ap-
parenlly 1o progrossively increasing desiccation  pressures, had increased,
Peasibly. Lhe presence of P elengatus is responsible for the disproportionate shifi
ol the lower size hmit for Heterpzins mivadifrons in the 0-0.5 region, Thus, the
size distribution of 2. retumeifrons may be determined, in the upper cxtent of its
ringe, by phisical factors such as desiccation, and on the lewer shore by the
actinn of bintic facrors such as the presence of anclher species with similac
space roguircments (for cxample, movement through gravel ol a prelerred
grain size). Similar factors are apparently operant in the eonation ol dillerent
specics of barnacles (Knox, 1954; Connell, 1961); howewver, there remaln
unexplored posaibalities, fur cxample, food supply, which is complicated by the
fact that the two species have differenl lood requircments {Scott, 1958; Tones,
1978). The duta are not yot sufficient to substantiate whether interspecies corm-
petition has been observed. As numbiers of Petvefisther elongetus found in the
0.5-1.0 m Jevel declined from July through March, the frequoncy of Fleferezin
rotundifrony inthal same regron ncreased. I retundifons scoms simply to have
moved into the space vacated by the anomuran spocies and replaced it during
the warmer months,

I July, Hemigrapiny edieardss s sinall ax 6.5 mm were found as high as 1.5 m
abwve the low tide level (fig. 4). From December through March, no in-
dividuals in the 6.5-10.0 mm range (corresponding to 5/V ratios berween 1.7/
and 1.3/ were found above 0.3 m. Above 08 m, only 4 individuals were
found during Lhis prood (compared with 42 during the cooler months), and
none of these measured < 15.0 mm {corresponding to a 57V ratio of 00.85/0).
Again, the summer size and range restriclions arc probably sct by surface
areafvolume relationships and  desiccarion  pregsures, Intercstingly, from
November through April, the frequency of Henigrapsus edwardsd in the 0-0.4 m
region, particulacly individuals with carapace widths < 150 vam, decreased
{lig. 43 A similar increase in lower size limit [or Heterosius retundifrons rosiding
i the 0-0.4 repion was ohserved from August chrough November.

Credoprapyus lavand was not vecorded at elevations > 1.4 m from November
through March | and appears to have largely veplaced Hemspragows edwaredsi anl
Ferrofisthes efvmpadus In (he 0.7-1.1 m region (fig, 4).

Desiceation and zonation, — The evidence prosented in this paper indicates
# peneral patiern of retreat of small crabs {carapace widths between 5.0 and
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100 mm; re, hortzantal axis, fig. 4) from wpper lesels of their range 1o the in-
tertidal zone during the warmer months. Deslccalion experiments on crabs of
kuvwn surface areas and wolumes showed that evaporation warer loss is
greatest for small individuals with a high ratio of surface arca to volume.

The effects of desiccation do not explain the virtual absence of Creloprapsus
g fram vhe lower mdlitoral zane (both grapsid species have survived
among submerged rocks for > 2 wecks n laboratory agquariums). Nor can
desiccation directly account for the August through November shift of lower
gsize limit for Hewrozivs retundifrons in the 0-0.4 m region or the November
thraugh April reduction of Flemigrapeus edieardis in the samme region (which
becomes most proncunced lrom February through April and appears to he
tracked by Cpedograprus flavgwsd in g, 1), Lhere are apparently factors affecting
dislributien not examined in this stuely. For example, occupation of the sublit-
toral fringe and Jower midlittoral zone by other species with simlar space re-
cuirernents { Fetralisthes elongatis and Hleterozius rafundifrons) may restrict the fre-
quency of the twao grapsid species near the subditoral nnge,

A species distinction becomes apparent when surfacefvoluine ratws are con-
pared against desiccation rates. For example,  Hewigroapons  edovardsd and
Cyclograpsus lavaxx: bolh lovse = 4.5% waler/h al a 8/ ratio = 1.65/1 (cov-
responcling to 182 mm®/ 110 mm®* and 200 nm* 125 vum? respectively ], By con-
trast, Pefrolisthes elangatus looses only 1.2% water/h al a ratlo of 1,741 (cor-
responding to 765 mm¥/43) mm®) and Heterszizy rofundifrons srvives with ondy
0% water lossfh au a 8/V ratio of 1.7/ {corresponding to 1462 mm*/830
mm®h, DL s inportant 1o nete here that if we ignore surface arca and plot desic-
cation as a function of bedy weight {as did TTerreid, 19634) or volume alone, no
interspecific difference 15 apparent {all four species looge = 1.9%  water
weight/h at 4 volume = 50 mm?). Since surfiace areas are known, and a
tnetabolic relationship s ruled out by the observation that desiccarion rares re-
miain constant aller deach, the diflference would seem to be rooted in different
integument permeahilities for the species studied. One would cxpect the Lwo
grapsid species, which reside higher an the beach than Petrofisther clongatur and
Heterazius rotwndifrons, and which must tolerate longer pervsds of exposure, to
have: the least pormcable cxoskeletons: bul the exact opposite appears to be
true, Thiz condition makes a rapid volwmetric increase in Hemigraprus edisards
and Cyrolograpsmns feeeterd even more understandable, beeavse thess bwo species
desiccate faster af given surface/velume ratios than Pewiither elongatuy anrd
Fleterozins rotundifrans (fig. 3). The “reason’ [or a more permeable exoskeleton
in Hemigrapsus edwardrt and Cypclograpray lavauad 1s unclear; but may be ted to
such processes as vvaporative cooling andfor the eliminarion of ammonia
wasle, which readily dilluses oul tirowgh the cuticle (Prasser & Brown, 1961).
Edney {19431, 1962) and Lewis (1963) have demonstrated thal evaporation
thrangh the integument may reduce the body tcmperalure of inlertidal crabs
by as much asx 8°C below ambiont temperature. Henes, the grearer integu-
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ment permeabality of Hemigrapsuy edieardss and Cyelograpsus lasased may enable
bath species to withstand 6 to 12 hours exposure to summer daylime exirermes
as high as 2870, Accordingly, the pressures of temperature and desiceation are
interdependent, as sugyested by Newell {1970%; desiceation rolerance al given
remperaturcs being limited by the ability to withstand up to 40 ar 90% water
loss, which is in turn dependent npon surface/valume relationships and the
characreristic integument permeability of each specics,
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RESUME

s changements saisonniers duns lu distribution des tailles de quatre sspéees de crustaess
décapodes de Nowvelle-Zelands onr @é Saludes commie une Grcrion de 1 élévation croissante
aiedrysus g wivean e la marde hasee.

ez vésullaes onr fie compards aux donndes relatives 3 Ta dessication prr dos représentants
des imdrues sapbnes aver des surfaces ot des volumes comnie, Les surfaces onr 666 meswrdes en
appligquant une couche fine of mines ddluminium (erv. 20 A dépaissen) sur Jes crabes et dos
feruddles de polythene de surface comme muntées sur un support planétaire 3.E.M. Les quantitds
Aahumintuin reconveant los crabes en los fouilles de pobythine onl alors & mesurdes & 'ajde
d'un spectromitee od'absorption atoroigue. Les donndes recueilliss siegmérenl que Vabwencn
diindiwichus de moins de 6,5 mm (Jargeur de carapace] parmi s dous sgpeces de grapsides G-
difes, les glissemnents saizonniers des railles modales, ef un rerraic o aspers séndeal des niveaux
supdricars de la ofite pendant Les mwois dé pouvend Slee expliquds seanl w sir Ta basc dea
Prezsions de deswication oui agisseot sur lez crabes dans des rapporls dennds surtaceiveluce. Ces
sonstacations conlinoent "hyporlttse de relatinms cxponentiellus ertre snrface el volume, comnue
tacteur lanitadf principa) das be eouverment des coafaes vers 1inérieur.
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