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Abstract

Although the oyster drill Urosalpinx cinerea is often cited as an
example of a species that has formed physiological races among popula-
tions experiencing different thermal conditions, temperature effects
on the respiratory metabolism of this organism have not been studied.
Acclimated metabolism-temperature curves were constructed for four
latitudinally separated populations that include two subspecies.
Virginia U. cinerea follyensis, and Massachusetts and Maine U. cinerea
c1nerea, exhibit the classical pattern of latitudinal compensatlon of
oxygen consumption, apparently due to an inverse size-latitude relation-
ship that is contrary to Bergmann's rule. It is suggested that this
anomaly may have resulted from the selective development of a smaller
maximum size in the northern populations, although transportation of
drills by man along the Atlantic coast has probably confused the situa-
tion. For reasons not immediately apparent,’the Massachusetts animals
show rates con51stently lower: than those of the North Carollna,
Virginia, and Maine animals.
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Introduction

The oyster drill Urosalpinx cinerea (Say) is a predatory marine

gastropod that is believed to be native to the middle Atlantic_coast
of the'United.States (Wood, l968);’its;present range on thé Atlantié
coast extends from nofthern_Fiorida to eastern Canada. - The southern
limit extends well béyond Capé Hattéras, North Carolinar(35615'N,
76035'W),vlong recognized as a significant faunal barrier (JohnSoh,
1934; Wells énd‘Gray, 1960;-Ceréme—Vivas and Gray, 1966; Vérnberg and
Vernberg,,19f0), and.the northe:n-limiflwelljbEyond Cape Cod, Massa-
chuset£s~(41640'N; 70°00'w), anotﬁefigeographic bafriér (Allée, 1923;
Johnson, 1934; Ekman, 1953). .

Urosalpinx cinerea provides a classic and often cited example of -

a species that hgs.fbfmed phyéiologiCal and morphoiogical races
(Staubéf, 1950; Looéanoff and Davis, 1950-51; Carriker, 1955). Indi-
vidual populations>of U. ciﬁerea vary considerably'ihvshéll size,
'proportions and golor,vénd'Waltef (1910)'hoted thatjdrills'fromvdif— :
'feréntflocaiities can readily be distinguished.  Bak¢r (1951)described
the giant speciﬁensvfrom,thé;Eastern,shQre of VirginiA:aS Ufosal§ihx

cinereafvar-»follyEﬁsis; Carrikery(1955) considéred;the Eastern'Shore

population to be a subspegies_(gficineréa foilzgnsié) and relegéféd
all»otherAtiéntic-éqast»populétions to the‘sﬁBspecies g,‘ciﬁereai
ciéérEa, 'Fuffhef“support>f6f;the separétioﬁ‘of two subspecies came
'vfrom:0wen (1947) ; who deScribed-a méiotic anomaly in méle‘gOnadal
tissue_of*tﬁéfsﬁaller drillsjthat:is ndtbpresenflin the larger animals.
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Blake and Carriker (1966) found differences in incubation times, growth
rates, maximum_siZes; and sexual maturation rates between ahimals from
North Carolina and those fromlthe EaStern Shore reared under identical
eonditions,Vtﬁus,suggesting»genotypic differeutiation.

Investigations of temperature effects on U. cinerea consist of
determination of critical temperatures'for oviposition (Federighi;
1931; Haski'n,'“19'3‘5;' Stauber, 1943-, 1950; Loosanoff and Davis, 1950-51),
feeding (Federighi,vl931;‘Loosanoff and Davis, 1950—51;'Hanks,,1957),
and ﬁbvement'or righting response (Stauber, 1943, 1950;'LOOSanoff and
Davis,-1950-51)fin different populations. nIt must be recognized that
these varieus Observations were made'under a wide range of laboratory
‘and-ﬁield eonditions, and that_mauy of the data are conflicting. Other
invastigatiOuS'have dealtvwith temperature‘effeets on survivai~at'dif;
ferentusalinitieé (StauBer,‘i943§:Manzi, 1970), on»the.rate of feeding
and_reproduction at-differeut salinities (Manzi, 1970), and on the
rate of developmeut (Stauber,'1943; Ganares; 1958). Studies of temper—~
ature effecté dn'the'respiratory metabolism_of thege §£ganisms aret,
conspicuOusly assent from the'literature, however.

Detalled analyses fulfllllng the criteria stated by Prosser (1955f
for studles on dlfferences in rates of oxygen consumption over a range
of - temperatures have not been used to a great extent in the study of
the- evolutlon of 1nvertebrate\spec1es.‘ Studles of physrologlcal races
nust beAmade.on spec1es Wlth a wide geographlc range and a varled
evelutlonary'hlstorﬁ. Reeentvexamples include the demonstratlon of,
1at1tu&1nal d1vergence of oxygen eonsumptlon rates in decapod crustacea
by Roberts (1957b) Demeusy (1957) and Vernberg (1959) and in poly-

'chaetous annellds by Mangum (1963)



Prosser (1964) rQCOgnized‘the_inductibn_of phenotypic variation
by»environmeﬁtaltvariation as thé pfobable.first step in allopatric
speciation. fWhile‘Such ﬁhen&typic adaptations have usually been éon—
sidered to be reversible thrbugh acclimation, Kinne k1962) ?resented
eVidence of irreversible nongenetic variation produced by varying the
osmotic.cohditiOnsuat which fertilized eggs of the teleost Cyprinodon
‘macularius developed; fSchgeider’(1§68) has shown that reversible and
‘irreversible phenotypic'édaptationsvin field populations of the crab

'Rhlthropanopeus'harrisii are important components of latitudinal

divergence of'oxygen consumption, but he also has stated that .persis—
Vtentfdifferences in'laboratory reared animals may reflect genotypic
divergence.

The dbjectives of the current study are to examine latitudinally

,separated'populations of‘Uébéaipiﬁi'Cinerea fbr;evidenCe‘of»divergeﬁce.
“of oXygen consumption rates in aﬁiﬁals.écclimétéd to the Saﬁe tem@era—
turesraﬁd to éharacterize'the témﬁeraturé sensitivity-of localized
fpopﬁlations by means~o£ their accliméﬁéd‘metabolism—teﬁperature curves.
iPopulaEiéns.taken from three Atléntié ébast,faunaliprovinqes,-delineatéd,

by Cape Hatteras and Cape Cod, have been used.



Materials and methods

© Collection and maintenance of animals

collected at Beaufort, North Carolina (34 44N, 76 AO'W); NCbska‘Point;
Massachusetts (AIOSO'N,:7O°40'W); and Brunswick, Maine (43048'N,

‘70905'W).' Urosalpinx cinerea follyensis was éollected at Hog Island

Bayi(neaf‘Wachapréague),>Virginia (37030'N, 75045'W)} The Massachu-
setts animals are intermédiété in size to the’extremely small Nortﬁ
Carolina andfMaine animals and to the gfant Virginia drills. Mean dry
weights fo:'each ﬁoéulatidnkare given‘in Fig, 1.

Since reproductive state may have a marked influence on reépira—
_ tory metaboiism;(Prosser and Browm, 1961);-the northern animals;wefe
coilected later in the summer bf'1970'fhan‘the southern animals, |
allowipg water temperatures.to reach the threshold fof egg capsule
deposifioﬁ'in'all populétféns., The collection sifés were chosen for
their relatlvely unlform sallnltles to av01d pos51b1e effects 51m11ar

'tO'thQse reportedfby Heuts (1947 1956), who descrlbed phy81olog1cal

‘and mdrpholqgical races of the stlcklebackVGasLerOSteus aculeatus from
haﬁitats of different”saliﬁities. ‘Thefsalinities at the colleétion*
times wére approx;nately 25- 31 5 o/oo at Brunsw1ck 29 5 o/oo at
Beaufort 31.5 o/oo at Wachapreague, and 32.5 o/oo at Vobska Point;
;all populatlons are normally exposed to sallnltles above 30 o/oo in

4 the,fleld (Coast and Geodetlc Survey,*l968;‘Dr.‘Langley Wood,:personal

communication).



In the laboratory the drills were maintained at‘approximately
22°C at a salinity of 30-34 q/bo in 1.5 gal glass aquaria; aerated
water and recirculating filters were changed‘frequently. -Although in
the field the animals have a wide variety of prey available to fhem,

they were fed only young Crassostrea virginica during laboratory

maintenance.

Acclimation and experimental procedure

Stiékle and Duerr (1970) have-shown‘that the rate of oxygen con-

sumpti9n by Thais lameilosa, a-reiéted muricidbgéstropod, remains
constant during»ﬁz days of sﬁarvation,ibut increases after 53 days.
The specimens of U. cinerea in the‘preéentﬂstudy were starved for at
,least'one Weék‘priof to oxygen conéumption'determinatidhs, and no
group of animéls was deprived bf foodvfor'moredthan six weeks.

Stickle and Duerr (1970) reported no differences in the oxygen

xconsuﬁption rates df male and female Thais lamellosa cbllected aftet
spawning,'but preliminafy experiments in the‘preSehtjinvegtigatiopi
.ihdicated that‘segual‘differencésjih rates may Eé-présenf‘in‘the'North
Carolina population, théqgh no;differenqes were detected in the
.Vitginia.ﬁopulation,  Consequent1y,[a1l animéls froﬁ th§ North Caroiina,
Virginia@,gnd‘Massachusetts:populétibqs Wefe.sexeﬁbaCCOfding,to thé
method of Hhrgisv(1957)‘and'only maies'wereﬁused in,thevéxperimeﬁts;f
The Maine animéls-WEre'avaiiable in limited'numbers; and to aésureva
‘miﬁimuﬁ'acceptable sample_size, tﬁe sexes.were»not éeférated.
‘Animéls'Wére graduaiiy broughf ﬁo the appropriate temperaturé and

L

_maintained,at that temperatﬁrejahd,30434 0/oo;salini£y for at least



two weeks'prior to the actual determinatiqns. In achieving the highest
temperaturé (32s5°C)é'animal$ previously maintained at 27.5°C were
vraised-by a tgmperature of 10cbevéfy other day_forJIO days. -

Acclimated rates of oxygen consumption were determined at temper-
atures of 2.5, 7.5, 12.5, 17.5, 22.5 and 27.5°C for the Virginia and
Massachusetts populations; this series, with-the addition of 32.59C,
was used for the‘North5Carolina animals, and covers most of the phys-
idlogical rénge of temperatures fdr these organisms. Rate deférmina—
‘tions were madeion single animals, gnd évminimum of five'animals was
usé& 5& each temperature. Becau§e of the extremely small size and low
E numbér'of>availab1e animals, rate determina£i6ns for the Maine drills

were performed»on‘groﬁps of fhree animals; with:two measurements each
at 7.5,ji2.5; 17;5'apd.22.5°C.' Each groUpIWas.used for only one
measﬁrement;’

Immediately prior ;6 placement in the respirometry vessélé,rthe
drills<were scrubbed with a’stiff brush, dipped in ethanol,Aénd rinsed
in seawater to remove éheil biofa;_thisvseemihgiy'harsh treatment is
.ﬁﬁt»injurious, as indicated Ey Ehe_rapid émergence»from the shell aﬁd
.attachﬁént'to tHe Wa1l_of the Qéssél by allVanimaIS‘When7immersed in.

, seawatér, All.exPeriments~wére petfbrmed ih’Millipore-filtered sea-
 Wateri(33'o/oQ5 ﬁaintéinéd_at the'apprépriéte~teméératuré in‘a5constant
tempetatufe (& O;OSOC) bath.-.O%ygén déplétion invdarkéne&; Seaied_
vessels‘wés ﬁéaéured fpr 1;75 h‘withfa'Yéllow Springslinstruﬁeﬁt.Co.
Méde1 542O sglf—stirriﬁg»okygen probe and Model 54 0xyéen meter. At
'-thg-end'of>each-expe?iment_the:aﬁimal was removed from its Shell,
;rinsed in distilled’water;;dried at 70°C for As_h; and‘ﬁéighed.; In

each case a measurement of oxygen depletion was made on a vessel



containing only the empty shell of‘the animal, and the result was sub-
ttacfed from.thé experiﬁental value. Oxygen consumption»rates were
determined froﬁ the slope of the line recording oxygen depletion in
‘the respifometry vessel,_excludingVthe'initiéi_lS‘minIiﬁterval,’during
which the animalvwas allowed to.aftach to ﬁﬁe interior of the vessel.
All measurements Weré obtained at 6xygeHACOncentrations greater than
70% air sacura;ion.

‘Sandeen g£_§£,3(1954)‘have reported,diurnal rhythmé ofvoxygen
cdnsumption‘with peaks between 0430f0630 aﬁdrl930—2130 hours iﬁ Wobds
Hole; Massachusefts, uU. cinereé; éll experiments in the present seriés
were‘performed'between-0800 and 1800fhourslin an_attempt to'aVOid’
diurnal effects. Periodicfvisﬁal observationé during the course of
the experimenﬁs revealed that:the anima1s did not travel appreciably
in‘thé vessels butvrémainea fairlyvquieéééntvat‘ali temperatures.
Déspite the absence_df locomoﬁion, Qxygep'consumptibn #atés of indi-
viduai animals were somewhat Qariabié. The extent to which pOssiBle
fluctuations of gili veﬁtilétion in gastrqpods may modify oxygen

withdrawaiuis unknown.

Statistical methods

Logarithmié xegréssidn lines‘déséribing'the relationship ofkoxy-

'geﬁ céﬁsumptiop»and_bddy_weight,wéfefCOnstfuctea ffom:dafavobﬁainéd at
“12.5°C from the'Nortﬁ Carolina and‘Virgipia pépulatiohé;“a miniﬁUm;of
8 animals from both pqpulatioﬁs was used, and the wgighibrange is at
least one qrdervof‘magﬁitﬁde;. The b-lyvaers ob;aiﬁed were'used'#o,

correct byftheAmethod'of covariance (Steel and‘Tprrie, 1960) oxygen -



consumption rates to the mean dry weight of each population as well as
to a standard weight fbf all,pqpulations. The standard weight (66.8 mg)-
is the mean Value for all animals from thé North Carolina, Virginia,

and Massachusetts populations. The b-1 values for North Carolina

U. cinerea cinerea and Virginia U. cinerea follyensis are -0.571
(r = 0.831) and -0.565 (r = 0.811), respectively. The high correlation
coefficients indicate thatvthe“individualvslopes are homogeneous, and

-since there is also no significant difference between the slopes.

rG?)0.0S); an intermediate b-1 valué of —0.568.was_used to correct the

oxygen consumption rates of Massachusetts and Maine U. cinerea cinerea.

These slopes appear to be consistent with those obtained at 25°C for

Virginia U. cinefeavgingréa'and U. ciherea.follyensis by Page (1968),
who did;not‘ca1Culé£e_ﬁhe actuél Efl'values. | |
The data of Roberts (i957aj, Daviésv(1966), Sassaman and Mangum
(1970), "and Green and Hobs'qn](197o) indicate that the variation of b-1
with temperature is not sigﬁificant?‘and the»b—livalugs obtained at
512'500 in the pfesenﬁ'étudy have been used to correct all rates.»-COr-
rected rates ffdmvtﬁe various populations were Comparéd_usihg Studentfs,

t test and analysiS”of”vatiancé’(E test).



Results

Survival at tenperature extremes

The experimental temperatures include most of the range of
tolerancé of»tﬁe.varidus populations: Only the North Carolina drills
survngd the tWo—week‘acclima£ion period at»32.5°C; mortélity in that
groaé.exéeeded‘502, ah&*the-Surviving animals showed litfle movement
>and'a;greétiy'impaired abi1ity to éttach to the substrate. The Maine
.éﬁimals &id'hb; §u¥viveiat 27;50C,>and”mortality in'the ﬁéééachusetts
drillsfappfbéchéd ﬁO%,aftér,pwo weeks at that temperatﬁre._>0x§gen
consumpticn’tatésfat:32.5°C for the'North Céfolina animals ahd at 27.5°C
fqr'thE'ﬁéséacHﬁSétts énima1s_arE»reportéd below, but they are Viéwedv
‘wiéh.cautiOn;YSinée‘fhéybwere taken from a highly select group of”
aﬁimalé’undérzéonditions_ofrextréme physiologica1~stres$. .The lowest
températuré (2}5°C)'did'nét result in significant mdrtaiity in any of

the experimental groups.

Acclimated rates of oxygen consumption

Oxygen consumpti6h>rates corrected toiﬁhe'megn dry;Weight of each
’popﬁiétionkgré given iﬁ Fig. i; 'The curve for the Maine aﬁimals is
oﬁlY‘iébsély‘compared witﬁ the other three curves, due to ﬁhe differ-
eﬁces‘iﬁ éxéérimeﬁ£al,procedure described above. The rgtés in both
~th¢;N6r;ﬁ_Cardiina énd_Virginiéidrillé.de¢iine slightly-between-IZ;S
V;ﬁd’ijkspc,,bpt:neithe% decrease is statiéticaily.significant.

10.



Figure l. Oxygen consumption rates (% S. E.) of North Cérolina,l

Massachusetts, and Maine Urosalpinx cinerea cinerea, and Virginia

“23 cinerea follyensis, corrected to mean dry weight of éach popula~

‘tion. Qlo-valueS'are given for eachftemperéture interval.

11
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QlO values (Fig. 1) exhibit,some‘variability. While the majority
-of the values conforms generally to the vanft HofvalO rule? Virginia
and Massachusetts animals show great temperature sensitivity.in the
2.5 tor7.50C interval. The lower temperature‘approximates the winter
water temperatures recorded invthose.areas (Coast and Geodetic_Survey,
1968). The North Caroclina animals'do not show great sensitivity in
this range, but do so injthe 7.57to 12.5°C‘range} “While somewhat
colder water temperatures occur rarelyfduring,Beaufort, N. C., winters,
7.5% more'Closely approximates the mean temperatures in the habitat for
the'mid—winter months‘(Mangum,_l964),rvAll‘tour populationsihave very
low le‘values for the 12.5 to 17;5°C intervalj; additionally,-low-Q10
valuesroccur in the 7.5 to 12.50C'range for thedMaine“animals,’and in
the 22.5hto'27.5‘and 27.5»to 32.500 interVals for the North>Carolina
animals. The general pattern of all of ‘the curves (except of the Maine
animals, for whlch no value at 2 5 C was obtalned) is great temperature
sens;tlvity at the lower temperatures, low to 1ntermed1ate Q10~values
-invthe middie ranges,and slightly increased QlO values toward'thefupper/
‘extreme.. The obvious exceptlons to thlS generallzatlon (Q10 values
less than 1 O 1n the hlghest 1ntervals for the North Carolina and
Massachusetts anlmals) are probably explalned by poor thSLOloglcal
' condltlon‘of those anlmals-at the.hlgh temperatures.'

Vlrglnla, Massachusetts, and Malne U. c1nerea show’ oxygen consump—
1tion rates (Flg. 1) that conform to Krogh s (1916) predlctlon that
populatlons from colder cllmates w1ll.showoh1gher rate,functlons than
populations‘from warmer'ciimates,measured at a common temperature. The.
North Carollna populatlon, however, does not conform to the rule. With

:the exceptlon of the North Carollna and Malne populatlons, all populatlons
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exhibitrsignificantly differént'rates at most experimental tempera-
tures when compared using Sfudent's E_tests (Tabie~l).

When the effects of body size are éiiminated from thevdata
(Fig. 2), a different pattern emerges. WhilésthE'shapes of‘the_indi—
vidual curves and the Qiolvalues (Table 2) remain essentialiy unchanged,
the classical'pattern‘of temperature soﬁpénsstion disappears. Student's
E_fests'(Table 3) reveal significant'différencés in rates at a variety
of temperatures only in comparisons involving Massachusetts animals}
Comparisons of every pair'of curves were made by poolingidaﬁaAforbeach
~popu1atién Withouts:éspect“to temperature, and énalysisiof'vériance
yiéldéd- no significant differences among the. North _Car'oliv-na,v Virginia
andrMaine populations (P}>0.05). The curve of theiMassathusétﬁs‘popu-
lation is“significantly lower than those:of all otherrpopulatisns
{(r<0.01), even when the questionable value'at 27.500 is:discafdéd.
With,the'excépfisn of‘thiskpopulation, tﬁerefore,»the_spparent iatitu—:
~;&ina1v&ivergenée'of oxygen Consumptisn is aﬁ'indiisst:sffscﬁ oflSizs
rather thsn'of metabdlig compeﬁsation per se. The ﬁoSition‘df the
North Carolina curﬁe in Fig; 1 is‘alss'explained by:ths highlfste of

oxygen consumption .of these very'small animals.



15

SUTEBJ °*SA S$339SNYIBSSEY

SN 10°0. SN 10°0

© 10070 100 1000 100 ouTej “SA ETUTITA
SN 20°0 20°0 SN SN SN s1708nyPESSER “SA PTUTSATA
SN SN SN sN T SQUTBH °*SA BUTTOAR) Yoy
100°0 1000 T10°0 T00°0 10°0 10’0 S3I9SNUDBSSER "SA BUTTOIE) YIIoy
100°0 100°0 100°0 100°0 T10°0 100°0 ®TUT8aT) “SA PUTTOIE) YIION

S*[T §°TT ST ST STL S'T
(0,) amaeaedus] suostaeduoy

“C00<d = uamoﬂacw,mm _

EFE) mmuumuwmmﬂu su,Es Je ST9AS3T 9yl mumu%aﬂ mmp:mﬂm *uoT3

—e[ndod yo®s JO JUI[om Xip uesuw 03 P93091100 s938X uUOT3IdWNSUOD,

us34x0 uedw uO pauxozizd §3svl 3 €,3Uspnag JO SITNSIY I OTqE]



Figure 2. Oxygen consumption rates (+ S. E.) of North Carolina,

Massachusetts, and Maine Urosalpinx cinerea cinerea, and Virginia

U. cinerea follyensis, corrected to a common weight. (HE) North

Carolina; (@) Virginia; (A ) Massachusetts; () Maine.
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Discussion

Populations of Urosalpinx cinerea-are relatively eurythermal

throughout the zoogeographic range examined in this study. The
southern animals (North'Carolinaaand'Virginia)_showigreater,survival
at high temperétures than'dovthevnorthern animals tMassachusetts.and
Maine). This result is rather'obviously correlated with the summer
habitat temperatures (Mangum; 1964; Coasfyand Geodetié_Survey; 1968).
;Thé shapes of the acclimated'curves appear to be consistent with
~the expectation for a wide—ranging‘species;vthe generally low_tp mgd—
,erateleo valués‘may be a_genéralized adaptatidn,to different thermal
regimes in the absencé of.festrigted gene flow, as suggested by Mangum
(1963). The high‘temperature,sensitiﬁity at the lowest temperatufe
interval in the‘Virginia and Massachusetts animals, and in the North
Carolina animals at the next higher intérvai, is'pfobably‘corrélatéd
'1with increaées‘ih-activity andithefbnset of feeding WHen water tempera-
‘tures warmvin the sPring, This‘resﬁit-cannot be intérpfetgd as a
reflection of a change-from:"reéting" to;"active_mefabolism" ﬁnder-
experimental conditibns,ﬁhoweVer,'for visuai.obsérvationébdo not. confirm
such a dfamatigfchangevin aCtiﬁity of phg animéls‘withinrﬁﬁe’darkenéd
experiméntal'veSSels.' |
TheAlatitudihal pattern Qf oxygen consumption rateé.in the Virginia,»
‘Massaéhusétfs, and Maine‘populations (Fig.‘l) seems to conform to Krogh's
(1916):hypothesis. VThis'éompensation»is.due'td‘éiZe:differénceé;of‘thev
‘individuaié comprising thé:various popﬁlatiéns;_in’a_pattern oﬁﬁosite
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to that of Bergmann's rule and to that reported by Mangum (1963) for
maldanid polychaetés. The small size of the'Massachusetts_drillé

(relative to Virgiﬁiaig, cinerea follyensis) and the extremely small

size of the Maine énimals.suggést that higher metabolic rates of the
smali northern aniﬁélé may be‘duexto the selective development of lati-
tudinal."size compéﬁéationh,rathéf than to metabolic compensation per
se.  An inverse size—létitude-relationship'may not be solely related to
temperature or fespirafory’metabolism,_fof Franz‘(1971) has demonstrated
the effecté oflthe'availébility aﬁd‘quality’of food in the first summer
on growth,ra;es‘aﬁd‘attaihﬁent.bf maximum size iﬁ Connectiqut drills.
With tﬁe~l§ng dﬁfaﬁionfbf'vé;yrlow water temperétures in the northern
hébitéﬁs, aﬁd arpogéiblé shdrter peridd of water temperatures above
feediﬁg’tﬁfééholds,;the.ra?id:attéinment-pf a small~maximum'Size éould
be a selecﬁiQe adﬁéntagé.; Unfortunately,-thékldwér temperature limits
to feeding 1§ ;he Massachuéetps_and'Mainébpépulations éfe uﬁkn§wn, and
érshdrtér*pefiod:éf feédiné and growth'ié:thus nof‘a certaihty. Further,
‘While;only'sméll’Haine“animéls,were obéerVed.in.thé field (Dr. Langley

' Wood,.pérédnai cbﬁﬁuﬁication);'it‘isrpossibie thét the animals We}e
‘juveniles énd5héd’ﬁbt attained maXimﬁm_size. On thevothef hand, Dehnel -
(lQSS)_reﬁéfted-higher'gerth rat§s in;$evera1 species of_marine-gastf§~;
'podé~ffoﬁ,Alaska.£haﬁ inﬁthdéé ffqmacalifOrnia at thé‘same ;emperatures,
and Frahz (197i) fouﬁa'thé£.Cohhecticut U. cinerea exhibiﬁ maximﬁm‘
growth_ratésﬂby1tﬁé;§nd-offthemfirst growing season and attain 707 of
thé_adult shéll,héigﬁt by the end of the second growing season. There-
fOre,'the possibility Qf'the:selective‘dévelopmént of Small,sizé'and

high growth‘rateS[inkthe northern,pppulatiOns’cannotlbé discounted,
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. If acclimated rates of oxygen consumption corrected to a common

‘weight are useful indices of genotypic differences among latitudinaliy

separated,populations;-it must be stated thatAg, cinerea cinerea from
Béaufort, North Caroiina, and' Brunswick, Maine, and U. cinerea-
follyensis from'Hég.Island Bay, Virginia,'are‘all genotypically similar
with respect to this~character, although'they haverbeen classified as
subspecies onxtﬁe basis of studies‘of other characters. Despite dif-
ferent_temperatqre thresholds'for.spawningIamong various populations
(data. from seVéral soutces summarizéd by Carriker, 1955), which~must‘
resultrin development,under'different thermal conditions, there is a
similaritv Of~attlimétéd rates 6f oxygen consumption among these three
populatlons that 1s contréry to the suggestion of 1rrever31ble non-
genetlc dlfferences propoqed by Schnelder (1968)
Although‘there are_no significant dlfferences'between many ofrthe

individual pdiﬁts_on the vatious curves (Table 3), Massachusetts
U. cinerea ekhibit.COﬁsittently_lower rates over thewentireftange of
-temperétutesve#émined, and Analysis.éf variance indicates that the curve
is,éignificantly‘difféfént ftom those of~é11 éther'populations stﬁdied.
:The»teésons'fo;:tﬁis:bérti;ular'divefgence:are not immédiétely‘apparent,
g but the”shaﬁeféf thétcurve is baéically:tﬁe same as for the other popﬁ—.
 'lationst | | | |

lﬂ Thé-unexpettedisméli‘éize-5fjthe‘notthern»animéls in itseif’mightv'
be~téken}ag’aﬁ inaiéétidn of genéticldi§ergehce, for Ray~(1960)upoints
-out that‘Bergmannfs’rtLeAcén be appiied'quy to populatidns within a
spééies;.br'at.most; to-closel§-related‘ééecies within a—geﬁhs.u>1t is
: also llkely that the predomlnantly northward transportation of oyster .

drllls in shlpments of commerc1al oysters along the Atlantlc coast since



the 18th century has coﬁfused the situation, although transportation
alone ﬁrobébly cannot account for the observed anomaly. Betgmann's
Tule does nét entail genotypic differentiatibn, and the offspring of
southern animals transplanted to the coldér waters. of higher latitudes
might be expected to show increased adult sizé, a supposition thét is
supported byvthe experiments of Ray (1960). WhileVCarriker (1955)
conéludes that:drill migration is not extensive, ﬁe recognizes thaﬁ the
spread of U. cinerea by man may;have overwhelmed genetic divergence in
localizéd‘populations‘and hés resulted in a great eXtension of the
,geogfaphig range‘of this SPecies;‘ fhis fact might also account fér the.
similérity of-thé_curves‘in,the'present‘Study, although the true extent
of traéspértation and itS'effeCté are‘unknown.

| Alllof'the;populations in the présent study are_frdm temperate
regibné,:aﬁd alth§ugh there’are'differenceé in annual mea£ water temper-—
atﬁfes'at tﬁe Vérious_Iatitudes, the intertidal and shallow subtidal
' haBitats'6f all populations are likély'to be characterized by marked
. temperature flﬁétuatioﬁsu Coﬁditiohs such as these'may,accoﬁntifor the
shapes. of ;he curﬁes obtained for all populaﬁions. While specialization
for a partigglar tem?erature interva1 woﬁld not_seemﬂtq be an adaptive
adVantage.forfaispecies inhabiting waters of widely different thermal

,xegimeS»(Mangum,'1963), the Qjg values_conSidefably’belbw 2.0_bétweén‘

12;5vaﬁd117.59C in all foﬁr.populatiqﬁsrmay be explained as_adaptatidps o

‘to rapidly iﬁcreasing'spring.and.SUmmer wétérvtemperatures,’a'Situation'
previously desctibed by Da#ieSf(lQGG)'for.two species of the intertidal

'8aétf¢pod Pateila;
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Summary

1. The greater survival at high temperatures of animals from

southern populations of Urosalpinx cinerea, relative to that of

animals from northérn populations, is correlated with the summer
habitat temperatures;

2. The generally low to moderéte Qo values in all pppulations
studied may,be a generalized adaptatibn té different thermal regimes
in the absénce~of‘réstriéted'gene flpw:

3. “The great temperature sensitiﬁity of the North Cérolina,
Virginia;ian& Masséchusettsvaniméls in. the iower temperatufe ranges is
probably éérrélated’with the onset of activityvand feeding when water
teﬁperatures begin fb warm in the spring. There is no evidence that
reflects a change frdm~“résting"ito "active metabolism'" under experi-
mental conditiomns..

4, Oxygen consumption fatesbcofrected to mean'dry'weighﬁs of the
 Virgiﬁia, Massachusétts, and Maine populations shdw létitudinal compen-—
sation iﬁ’conformity with Kroghfsv(1916) brediction.

5. _This compensation isjépparenﬁly'due to an inverse size-
 latitude r¢1étiQnshi§ §ppdsite'tq Bergﬁannfs rﬁle. 

6. When rates‘are'correctedvté a common weight, those'Of the,
Massaéhusetts aﬁimals are consistently 1owér tﬁan thoég of the North 

Carolina, Virginia, and Maine animals.
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