tonicity is unknown. By 10 days of oral 2
percent NaCl, vasopressin concentration
in both the supraoptic nucleus and retro-
chiasmatic area was less (although only
in the latter area was the decrease statis-
tically significant), implying that the rate
of transport of hormone away from these
areas had exceeded synthesis.

Hypertonic saline ingestion was cho-
sen as the dehydration stimulus because
it is as potent as complete water depriva-
tion in causing depletion of vasopressin
and oxytocin biologic activity from the
rat posterior pituitary (2). Hypertonic sa-
line ingestion is probably less of a gener-
al stress to the animal than complete wa-
ter deprivation and thus should be a
more specific hypertonic stimulus. There
was no significant difference in protein
content of each microdissected area
when tissue from dehydrated rats was
compared with tissue from control rats.
Thus, the differences reported here with
hormone expressed as picograms per mi-
crogram of protein are due to changes in
the content of hormone and not protein.
Microdissection was confined to within
nuclear areas so as not to include extra-
neous tissue, and therefore total hor-
mone content of hypothalamic nuclear
areas was not measured.

It is of interest that there was no sig-
nificant change in vasopressin or oxyto-
cin concentration in median eminence at
times of significant changes in concentra-
tion of both hormones in the posterior pi-
tuitary and in various areas of the hy-
pothalamus. There was also no signifi-
cant change in concentration of either
hormone in the suprachiasmatic nucleus
in response to oral hypertonic saline.
Neurophysins. proteins that bind vaso-
pressin and oxytocin, have been found
by immunofluoresence in supraoptic,
paraventricular (/7). and suprachiasmat-
ic nuclei (/2). There is also a recent re-
port of neurophysin in the bovine ar-
cuate nucleus (/3).

The depletion of vasopressin from the
arcuate nucleus after 3 days of oral hy-
pertonic saline is presumably not due to
changes in axons in passage through the
nucleus, as vasopressin concentration in
the retrochiasmatic area. which we as-
sume to contain axons in passage, was in-
creased after 3 days of oral hypertonic sa-
line. The arcuate nucleus lies just above
the median eminence, and it is possible
that vasopressin and oxytocin are serv-
ing as neurotransmitters in this nuclear
area and may be involved in control of
anterior pituitary function (/4).

The arcuate nucleus has not been
thought to be part of the neurosecretion
system for vasopressin or oxytocin, but
from our findings here it appears to be in-
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volved in the dehydration response. This
is consistent with an earlier autoradiog-
raphy study in which we found increased
incorporation of [*H]uridine into RNA in
response to oral hypertonic saline in the
arcuate as well as the supraoptic nucleus
but not in suprachiasmatic or para-
ventricular nuclei (/5). Evidently, in
both supraoptic and arcuate nuclei, dehy-
dration causes depletion of vasopressin
and oxytocin and possibly synthesis of
new proteins or polypeptide hormones.
Jack M. GEORGE
Department of Medicine,
Ohio State University
College of Medicine, Columbus 43210
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Heart Rate in Spiders: Influence of Body Size and

Foraging Energetics

Abstract. Resting heart rates in 18 species of spiders as determined by a cool laser
transillumination technique range from 9 to 125 beats per minute. Cardiac frequencies
obtained in this fashion may readily serve as a measure of standard rates of metabo-
lism. A spider’s resting heart rate is a function of body size and of foraging energet-

ics.

Spiders are interesting to physiological
ecologists because of their highly orga-
nized. yet relatively simple body plan
and because they constitute a major link

Fig. 1. Laser-illuminat-
ed wolf spider (Lycosa
ceratiola). The tubular
heart is visible as a pul-
sating oval spot on the
dorsal surface of the ab-
domen (arrow) when
the spider is irradiated
from below by a cool
He-Ne laser.

as predators in most terrestrial food
webs. Little is known about their energy
budgets under natural conditions. Stan-
dard metabolic rates can be derived from
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resting heart rates. which are easily
measured in free-ranging vertebrates (/).
However. techniques developed to moni-
tor cardiac performance in large animals
often are unsatisfactory for studies with
arthropods. We now report on the detec-
tion and interpretation of heart rates in
unrestrained spiders differing in body
size and foraging strategy.

The spider heart is unusually sensitive
to locomotory activity because blood
serves a mechanical as well as a respira-
tory function. Spiders use blood as a hy-
drostatic fluid to extend their appen-
dages (2). Correspondingly, some leg
joints have flexor. but not extensor, mus-
cles (3). Hence. the antagonistic mus-
culature characteristic of insects. crusta-
ceans, and vertebrates is incomplete in
spiders. Normal leg extension is
achieved by a moderate elevation of
blood pressure. reaching 60 mm-Hg in
the limbs of tarantulas (¢). During a
struggle or jump, there are dramatic surg-
es in peripheral blood pressure, ranging
from 450 to an estimated 1080 mm-Hg
(2). When a spider becomes excited,
blood pressure increases not only in its
appendages but also to some degree in
the prosoma and abdomen (¢). This gen-
eralized rise in fluid pressure feeds back
on the tubular heart. located mid-dor-
sally in the abdomen. and may produce a
transient drop in the already elevated
heart rate (5, 6). Spider heart beats are
neurogenic (7). Therefore, it is possible
that output from the central nervous sys-
tem independently augments or opposes
hydrostatic influences on cardiac func-
tion.

Unlike previous cardiac techniques.
our method attempts to minimize hydro-
static as well as nervous perturbations of
the heart in intact. resting spiders. Noth-
ing is attached to an animal, and it is able
to move freely in two dimensions on a
solid surface or its web (8). When a cool
helium-neon laser is focused onto the
ventral surface of a spider near its ped-
icel. the pulsating heart becomes appar-
ent when viewed from above (Fig. 1).
The superficial heart is visible because it
is more translucent than other abdominal
tissues. As the heart contracts. the
amount of red light emitted from the ab-
dominal cuticle overlying it correspond-
ingly decreases. To facilitate observation
and recording of heart beats and to elimi-
nate disturbances that could alter them,
the preparation is mounted on a vibra-
tion-free stand. isolated in a dimly light-
ed (20 lux) chamber. and monitored re-
motely with closed-circuit television.
Usually spiders do not move noticeably
for many minutes after an initial period
of adjustment to the experimental situa-
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Fig. 2. Heart rate (H) in spiders as a function
of body weight (W). A regression line,
H =423 Wo4 (r = 84; P < .001), is in-
dicated for all spiders but the primitive hunt-
ers and weavers.

tion (9). Heart rates are determined at
10-minute intervals until stable resting
values are obtained. If a spider becomes
active while determinations are in prog-
ress. the experimenter waits until it is
quiescent, realigns the laser beam., if nec-
essary, and then resumes counting as be-
fore.

Forty-eight adult female spiders repre-
senting 18 species and 11 families (Table
1) were collected in the summer of 1974
and 1975 in Missouri, Florida, and Ari-
zona. Because metabolic rates in spiders
vary according to levels of hunger and ac-
tivity (/0). a strict feeding and experi-
mental schedule was maintained (/7).

Heart rates in spiders. as measured by
this technique. ranged from 9 to 125 beat/
min. Generally, these values are less
than one-half of those reported for re-

strained or postoperative spiders ¢, 5).
Cardiac frequencies comparable to those
reported here have been found in unteth-
ered spiders (6, 12).

Resting heart rate of spiders is primari-
ly a function of body size (Table 1 and
Fig. 2), as it is in other animals (/3). With
the exception of primitive hunters and
weavers, there is a highly significant
(r = .84; P < .001) negative relation be-
tween body weight and heart rate. The
same size relation was also observed in
metabolic studies (/4). Because the ex-
ponentials in both regression equations
are identical, it is possible to cancel out
body weight as a variable. Thus. the
standard metabolic rate of a spider is esti-
mated to be approximately 2.5 times its
resting heart rate. These results confirm
the idea that cardiac frequencies may
readily serve as a measure of standard
rates of metabolism in spiders.

The exceptions to this heart rate-body
size rule are important because they re-
flect fundamental differences in foraging
strategies among spiders. The brown re-
cluse and the spitting spiders deviate sig-
nificantly from the regression shown in
Fig. 2. These primitive hunters and weav-
ers weigh as much as jumping spiders.
yet their resting heart rates are as low as
a tarantula’s. We suggest that this is an
energy-conserving adaptation of spiders
that invest little effort in prey capture
and. consequently. feed only occasion-
ally. Unlike salticids and thomisids.
which are small, free-ranging. and more

Table 1. Taxonomic relationships of spiders studied. Families are listed in order according to
magnitude of resting heart rates (average number of beats per minute) for individual adult fe-

male spiders.

Foraging style Family Species Number
(common name) p studied
Tarantulas Theraphosidae Aphonopelma chalcodes 3
(typical tarantulas) Dugesiella hentzi
Primitive hunters Scytodidae Scytodes sp. 3
and weavers (spitting spiders)
Loxoscelidae Loxosceles reclusa 5
(brown spiders)
Large hunters Pisauridae Dolomedes tenebrosus 2
(nursery-web spiders)
Lycosidae Lycosa ceratiola 4
(wolf spiders) Lycosa osceola 2
Pardosa sp. 2
Sparassidae Heteropoda venatoria 2
(giant crab spiders)
Web weavers Filistatidae Filistata hibernalis 4
(snare weavers)
Araneidae Argiope aurantia 3
(orb weavers) Eriophora sp. 1
Neoscona arabesca 2
Agelenidae Agelenopsis pennsylvanica 3
(funnel web weavers)
Small hunters Thomisidae Misumenops asperatus 2
(crab spiders) Misumenoides formosipes 2
Salticidae Metacyrba sp. 2
(jumping spiders) Phidippus audax 3
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active hunters (/5), nearsighted loxosce-
lids and scytodids wait until prey be-
comes entangled in their crude snares be-
fore they use venom or a zigzag squirt of
oral glue to subdue it. It is commonly
known that the brown recluse can sur-
vive indoors for months or even years
without food and water. Perhaps mem-
bers of these families, more so than other
spiders (/0), can rapidly raise and de-
press their general metabolism to adjust
to a particular situation (/6).

Although there was no significant dif-
ference (P > .05) in body weights of
large (230 to 630 mg) web weavers and
hunters, the former group had significant-
ly greater (P < .001; Student’s z-test)
heart rates (Fig. 2). Both types of female
spiders use silk on some occasions dur-
ing their lives (for example, to encase
their eggs), but the degree to which they
rely on it is different (/5). Large hunters,
typified by wolf spiders, ambush almost
any small animal moving near them and
attempt to overcome it by force. In con-
trast, web-building species are character-
ized by a sedentary existence, becoming
so committed to a life on webbing that
their delicate limbs and pendulous abdo-
mens make locomotion awkward on a
smooth, horizontal surface. We suggest
that the superficially apparent sedentary
nature of web-weaving spiders is decep-
tive. If the energy expended for silk pro-
duction and utilization were added to pre-
dation energy budgets, it might show
that orb weavers expend as- much or
more energy as active predators like
lycosids. Hence, the ecological efficien-
cy of web species could be much lower
than predicted (/7).

JAMES E. CARREL

R. D. HEATHCOTE*
Dalton Research Center and Division
of Biological Sciences, University of
Missouri—-Columbia, Columbia 65201
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Intraclonal Histocompatibility in a Parthenogenetic Lizard:

Evidence of Genetic Homogeneity

Abstract. A total of 175 skin grafts were transplanted among 20 individuals belong-
ing to two separate populations of the parthenogenetic lizard Cnemidophorus uni-
parens. Of these, 98.8 percent were permanently accepted, which indicates that all
individuals of each population may be genetically identical. These results further
suggest that large populations or the entire species may consist of one clone derived

from a single individual.

It is generally assumed with regard to
parthenogenetic species that individuals
within a clone are genetically identical,
although the extent of genetic uniformity
has not been clearly ascertained experi-
mentally. Support for this assumption
has been obtained by various tissue-
grafting studies showing that allografts
exchanged among conspecific individ-
uals are not rejected (/). The majority
of these studies, however, have involved
a limited number of individuals from any
one single population. For instance, in
the case of the unisexual fish Poecilia
formosa, some of the transplantation ex-
periments involved the descendants of
one or two individuals (2). In other stud-
ies in which allografts were exchanged
among substantial numbers within a pop-
ulation (3, 4), the grafts were exchanged
only between pairs, so that each individ-
ual received and donated one graft. Only
Maslin (3) has intergrafted among sev-
eral individuals to test for potential histo-
incompatible clones within a single natu-
ral parthenogenetic population. Using an
elaborate transplantation scheme, he in-

tergrafted among six parthenogenetic liz-
ards, each donating to and receiving
grafts from the other five. A total of 30
grafts were transplanted and all were per-
manently retained.

These data do not, of course, rule out
the possibility that occasional histo-
incompatible individuals may exist with-
in single clones, but their detection is
made difficult by inherent limitations in
the existing surgical techniques em-
ployed to excise the grafts. For instance,
in the case of P. formosa, whole organs,
such as fins or hearts, are transplanted,
which often requires killing the donors.
In the case of parthenogenetic lizards,
the use of skin grafts is more practical
since donors need not be killed, and sev-
eral grafts can be transplanted on one in-
dividual. Nevertheless; present tech-
niques require conventional surgery,
which is not only tedious but also im-
poses a limit on the size of the graft and
therefore on the total number that may
be transplanted to one individual. If ge-
netic differences exist within clones,
their detection will be maximized in pro-
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