of CARNA 5 with the severe disease in-
cited in tomato plants and the mild symp-
toms incited in Tabasco pepper and
sweet corn plants contrasts strikingly
with the absence of CARNA 5 and the
resulting milder disease in tomato and
severe diseases in pepper and sweet corn
plants. In tobacco plants where high
CARNA 5 results in reduced virus multi-
plication (/0), a similar reduction in
symptoms should be expected. How-
ever, with this host, the biological effects
are hardly visible because the disease
evoked by CMYV is mild in either case.

It seems clear, therefore, that in natu-
ral hosts of CMV, which support multi-
plication of CARNA 5, the presence of
CARNA 5§ is expressed either as a new
disease syndrome [shown to be lethal in
at least one case (5, 6, 8)] or (and more
often) as an attenuation of the viral infec-
tion with a resulting decrease in symp-
toms. We previously indicated how, dur-
ing pathogenesis, the competition be-
tween CARNA S and the viral RNA’s or
the messenger capability of CARNA 5,
or both, could decisively affect symptom
expression 3, 11).

Huang and Baltimore (/2) proposed
that the competitive relationship of de-
fective interfering (DI) particles and their
helper viruses could play a major role in
the evolution of viral disease. However,
DI particles whose nucleic acid is direct-
ly related to the genome of their helper
viruses (/2) have not yet been described
for plant viruses. On the other hand, vi-
ral satellites, equally dependent on their
virus helpers for replication, are being
found with increasing frequency in plant
virus infections. Their genetic content
has little if any relationship to the help-
er’'s genome (/3). However, we have
some evidence suggesting that they
could have originated from the host (un-
published work). We therefore propose
that small, satellite-like replicating
RNA'’s such as CARNA 5 play a regula-
tory role in viral pathogenesis and ulti-
mate disease expression. This report il-
lustrates such regulatory effects by
CARNA S in infections of CMV in three
of its natural hosts, which are also im-
portant agricultural crops.
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Mortality of the Monarch Butterfly (Danaus plexippus L.):

Avian Predation at Five Overwintering Sites in Mexico

Abstract. Analyses of predated butterflies on the forest floor at five monarch over-
wintering sites in Mexico and observations of birds foraging in mixed flocks indicate
that individual birds of several species have learned to penetrate the monarch’s car-
denolide-based chemical defense. Predation is inversely proportional to colony size
and appears to be one evolutionary explanation of the dense aggregations.

Occasional bird predation of over-
wintering monarch butterflies has been
reported in California (/, 2) where small
mammal predation was also inferred
from wing caches and live, maimed but-
terflies falling from trees at night (3). In
contrast to this minor predation in Cali-
fornia, we report here extraordinarily
heavy mortality at one previously de-
scribed @) and four newly discovered
overwintering sites in Mexico (5). .

Within these Mexican colonies and
particularly beneath heavily laden trees
(Fig. 1), accumulations of fallen butter-
flies increased throughout the 1977-1978
overwintering season, and by late Febru-
ary the forest floor was thickly carpeted
in places (Figs. 2 and 3) with as many as
776 butterflies per square meter. These
accumulations consisted mostly of dead
butterflies. Some of the live ones were
temporarily immobilized by the cold and
flew off when warmed. Others were
moribund, including intact individuals
unable to fly, and still others, definitely
predated, were missing one or more
wings, abdomens, and/or heads (Figs.
4to 11).

We collected random samples (6)
(Fig. 3) totaling 1697 dead butterflies
at site Delta on 26 March 1978, shortly
after its abandonmiernt. Undamaged but-
terflies constituted 11 percent of the to-
tal. The remaining 89 percent showed
definite indications of predation. Of
these, 35 percent lacked one or more
wings, and 65 percent had all wings in-
tact but were damaged in various other
ways. A further breakdown of this last-
named subgroup showed overlapping

damage categories: 68 percent had dam-
aged thoraces—from a small hole to a
large eaten-out portion (Fig. 12)—and 53
percent had missing abdomens (Figs. 4,
8, 10, and 11). Moreover, of those with
their abdomens still attached, 19 percent
had the abdominal contents stripped,
leaving only the outer cuticular shell.
On three occasions, we observed a live
female attached in copulo to a dead,
stripped male (Fig. 13). The same cate-
gories of moribund and dead butterflies
occurred at all sites.

Binocular and photographic observa-
tions at all sites revealed three species of
birds preying extensively on the mon-
archs (7, 8). These were Scott’s oriole
(Icterus parisorum Bonaparte), the black-
backed oriole (Icterus abeillei Lesson)
(Figs. 14 and 15), and the black-headed
grosbeak (Pheucticus melanocephalus
Swainson) (Fig. 16). Both oriole species
and the grosbeaks flew in mixed flocks of
25 to 30 birds, made repeated forays into
the colonies, and attacked monarchs in
the hanging clusters and, to a lesser ex-
tent, on the tree trunks. The orioles
spent more time pecking the butterflies
and frequently stripped the abdomens,
whereas the grosbeaks often deftly
snapped off and ate only the abdomens,
dropping the rest of the butterfly.

In 37 percent of our direct observa-
tions (9 of 22 oriole attacks and 4 of 13
grosbeak attacks) the individual birds
captured, apparently or actually dam-
aged, and then released a butterfly with-
out eating it. In addition, we repeatedly
observed monarch wings and body parts
with wings attached floating down from
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Fig. 1. Dense clusters of overwintering monarch butterflies on the trunk and boughs of a fir tree (Abies religiosa H.B.K.) at site Gamma, 5
February 1978. Fig. 2. Moribund and dead butterflies carpeting the forest floor beneath clusters at Delta, 28 January 1978. Fig. 3. Sample
plot (0.25 m?), site Delta, 28 January 1978. Figs. 4 to 13. Various categories of bird-predated butterflies, site Alpha,, 2 February 1978. The
individuals in Fig. 5 (missing right forewing), Fig. 6 (missing left fore- and hindwing), and Fig. 7 (missing both forewings) were still alive when
photographed. Fig. 12. A dead butterfly from which the thoracic muscles have been eaten. Fig. 13. A normal live female still in copulo
with a dead male, the abdomen of which has been stripped (site Alpha,, 30 March 1978). Figs. 14 to 15. Telephoto-strobe sequence of a black-
backed oriole seizing a monarch from a tree trunk cluster and flying off to consume (or reject) it, site Delta, 28 January 1978. Fig. 16. A black-
headed grosbeak holding a monarch in the top of a fir tree at site Alpha,, 3 February 1978. [Photo credits: L. P. Brower (Figs. 1 to 12), W. H.
Calvert (Fig. 13), and G. D. Lepp (Figs. 14 to 16)}
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Table 1. Summary of data for colony size and mortality due to predation and other factors at five overwintering sites of the monarch butterfly in
Mexico, 1977-1978 season; S.E., standard error. Overwintering began on 1 December 1977 (/7).

Sites and sample dates (1978)
Row Items Alpha, Alpha, Beta C(}ga':::,a Delta Mean of
(3 Feb.) (18 Feb.) (13 Jan.) 19 Feb.) (28 Jan.) means
1 Number of 0.25-m? samples 20 15 10 27 26
2 Dead butterflies per square meter (mean = S.E.) 122 + 28 112 = 18 121 = 27 64 = 10 244 = 41 133 £ 25
3 Colony area (hectares) 0.755 2.262 0.173 1.433 0.248 0.974
4 Colony mortality to date* 921,000 2,533,000 209,000 917,000 605,000 1,037,000
S Days from beginning of overwintering 65 80 44 77 59 65
6 Dead butterflies (mean/m? per day) 1.89 1.40 2.75 0.82 4.14 2.20
7 Dead butterflies (mean per colony per day)* 14,000 32,000 5,000 12,000 10,000 15,000
8 Predated butterflies (mean/m?) 81 63 96 41 190 94
9 Predated butterflies per day (mean/m? per day) 1.25 0.79 2.17 0.53 3.23 1.59
10 Dead butterflies that were predated (mean %)t 76 60 84 67 83 74

*Rounded to nearest 1000 butterflies.

the feeding flocks within and adjacent to
the colonies. Moreover, these still living
or very recently dead butterfly remains
corresponded to the various categories
of predated butterflies analyzed in the
0.25-m? ground samples, and included
individuals missing one to four wings,
abdomens, and heads, or having gouged
thoraces or stripped abdomens (or both)
(Figs. 4 to 13).

Some monarch butterflies contain car-
denolides (cardiac glycosides) derived
from their larval food plants (milkweeds,
Asclepiadaceae), which render them
emetic and unpalatable to avian preda-
tors (9). In California and Massachu-
setts, samples of monarchs from all pop-
ulations studied include both emetic and
nonemetic individuals (/0), and blue jays
(Cyanocitta cristata bromia Oberholser)
are capable of discriminating these by
cardenolide-based taste rejection (/7). It
is therefore of great interest that, in a
sample of 101 butterflies from site Alpha,
in January 1977, 29 percent contained
less than 10 ug of cardenolide per butter-
fly and, on the basis of extrapolation
from another study (/0), are therefore ef-
fectively palatable.

The observed modes of attack, dam-
age, and rejection by the orioles and
grosbeaks and the occurrence of corre-
sponding damage categories in the
ground samples, together with the mixed
population of both poisonous and non-
poisonous butterflies, combine to make
it plausible that these birds have broken
through the monarch’s chemical defense
by learning to reject the cardenolide-la-
den butterflies by taste. Moreover, the
exoskeleton of the monarch butterfly has
comparatively high concentrations of
cardenolides compared to the rest of the
body parts (/1, 12), and it seems likely
that the abdominal stripping and thoracic
muscle feeding is an additional taste-
based behavior adapted to avoid the car-
denolide toxicity (/3). It thus appears
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that these Mexican bird predators not
only discriminate the palatable from un-
palatable monarchs, but also are able to
distinguish palatable from unpalatable
parts (/4).

We also used 0.25-m? ground sampling
(6) to compare mortality at the five sites
(15). To obtain the total number of but-
terflies that succumbed to all factors as
of the sampling date (Table 1, row 4), the
mean number of dead butterflies per
square meter (row 2) was multiplied by
the respective colony areas (row 3) (/6).
To compensate for different sampling
dates, the number of dead butterflies per
square meter was divided by the esti-
mated age of the colony (row 5) when it
was sampled (/7) to give the mean num-
ber of dead butterflies per square meter
per day (row 6). This procedure was re-
peated for the predated butterflies (rows

Fig. 17. Relation of colony Bs
area to mortality caused by
predation and other factors at
five Mexican overwintering
sites of the monarch butterfly.
Nonpredation mortality (low-
est curve) shows no depen-
dence on colony size, whereas
the predated portion (middle
and upper curves) shows a
highly significant inverse rela-
tion indicating that large colo-
nies are subject to less pre-
dation than small ones. The
three curves were generated
by computer in least-squares
analyses (1, 96 d.f.) of the 98
0.25-m? samples (Table 1), and {

Dead butterflies (mean/m? per day)
w

1The mean of the percent predated for each 0.25-m? sample at each site.

8 and 9). The mean number of dead but-
terflies per colony per day (row 7) is the
colony mortality to date (row 4) divided
by the colony age (row 5). The percent-
age of dead butterflies that was predated
ranged from 60 to 84 percent (row 10).
Statistical analyses are shown in Tables
2 and 3.

Substantial mortality occurs at all
sites, more than two-thirds of which is
due to predation (Table 1, row 10). Mor-
tality varies by a factor of 5 among the
sites, and the major statistical signifi-
cance derives from the predated portion;
the nonpredated group does not show
significant differences among the sites
(Tables 2 and 3).

The areas of the sites vary 13-fold—
Beta is the smallest and Alpha, is the
largest (Table 1, row 3)—and show a
strong inverse relation with mortality,

the means and standard errors

are also plotted. The numbers
of dead but nonpredated but-
terflies (lowest curve) vary
randomly with respect to colo-
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predated butterflies (upper curve) show highly significant inverse relation to colony area accord-
ing to the y = ax® function. For the number predated, r = —.62, F = 59.54, P < .001,
a = 0.73, and b = —0.70; for the percentage predated, r = —0.46, F = 25.68, P < .001,
a = 0.67, and b = —0.14. The data indicate steeply increasing mortality due to predation in

colonies less than 1 ha in size.

849



Table 2. Summary of analysis of variance of the mortality data at the five sites based on the
number of individuals per square meter per day in the ground samples. The data for each ground
sample were normalized by log,, transformations, following which three one-way analyses of

variance were run.

Source Degrees of Sum of Mean F ratio P
freedom squares squares
Dead butterflies
Between groups 4 6.70 1.68 12.66 < .0001
Within groups 93 12.31 0.13
Total 97 19.01
Predated butterflies
Between groups 4 9.58 2.39 21.50 < .0001
Within groups 93 10.36 0.11
Total 97 19.94
Nonpredated butterflies*
Between groups 4 1.96 0.49 1.92 11
Within groups 87 22.12 0.25
Total 91 24.08

*Six zero value samples were excluded in order to make the log,, transformations.

Table 3. Summary of Duncan’s multiple range tests comparing the five sites (P =< .05).

Sites
Gamma Alpha, Alpha, Beta Delta
Dead (mean/m? per day) 0.82 1.40 1.89 2.75 4.14
Ratio to lowest 1.00 1.71 2.30 3.35 5.05
Significance* p— t |
e —
Predated (mean/m? per day) 0.53 0.79 1.25 2.17 3.23
Ratio to lowest 1.00 1.49 2.36 4.09 6.09
Significance* i f ! t |
Nonpredated (mean/m? per day) 0.29 0.60 0.64 0.58 0.91
Ratio to lowest 1.00 2.10 2.21 2.00 3.14

Significance* b

*Nonoverlapping lines indicate that the means differ significantly at the P < .05 level of significance.

which is attributable to the predated por-
tion of the dead butterflies, that is, small
colonies have much more predation than
do large ones (Fig. 17). Because large
colonies would always experience some
predation, a curvilinear relation is more
meaningful biologically than a linear one,
and is supported by the high r and f
values (Fig. 17).

These colony area and mortality data,
together with our direct observations of
bird predation, provide strong evidence
that some birds have penetrated the
chemical defense of the monarch butter-
fly and that individuals in large over-
wintering colonies are better protected
against birds than those in small ones.
On the basis of our observations of ex-
treme packing at all sites, we are con-
fident that the number of butterflies per
colony is a direct function of the colony
area. Critical minimal colony size ap-
pears to be 0.5 ha, with little advantage
gained by the size being larger than 1.5
ha (Fig. 17).

Our observations suggest that bird
predation is concentrated on the periph-
ery of the colonies. Because of the rela-
tion between surface area and volume,
relative exposure to predation will there-

850

fore decrease in colonies of larger size.
Intense competition for nonperipheral
positions is expected and has probably
been the cause of the dense butterfly
packing (/8). The selective basis for the
upper size limit of these overwintering
colonies is difficult to explain, as is the
general case in all social animals (/9).
The aggregations are not food-limited
during the overwintering period, because
virtually no feeding occurs at this time
@).

These colonies occur in discrete
groups, and it might be argued that the
upper size limit evolved in response to
local catastrophes such as volcanism,
fire, or severe weather. However, be-
cause of extensive outbreeding during
their annual cycle (2), the genetic re-
quirements of group selection (20) are
not met by the monarch butterfly. Thus,
a causal basis for the upper size limit of
these remarkable assemblages remains
to be discovered.

WiLriaM H. CALVERT
LEee E. HEDRICK™
LincoLN P. BROWERT
Webster Center for Biological Sciences,
Amherst College,
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Prolactin Receptors in Rana catesbeiana During

Development and Metamorphosis

Abstract. Specific binding of ovine prolactin was found in microsomal prepara-
tions of tail, gill, and kidney of the bullfrog Rana catesbeiana. Binding by larval and
adult liver and by kidney before larval stage XVII was low or nondetectable. Renal
binding increased during metamorphic climax and in response to treatment with thy-
roid hormone. The emergence of renal binding of prolactin may signify a shift in the
hormone’s participation in the control of hydromineral homeostasis from the gill,
which is resorbed, to the kidney. A renal action of prolactin during climax may facili-

tate metamorphosis.

In the vertebrates, two of the basic
functions of prolactin are control of
growth and development and the regula-
tion of water and electrolyte balance (7).
Among the Amphibia, the hormone par-
ticipates in the control of growth and re-
tention of larval structures (2). In this re-
gard, prolactin opposes the metamor-
phosis-inducing actions of thyroid
hormones in larval and neotenic amphib-
ians. In euryhaline teleosts prolactin acts
at several sites to maintain hydromineral
integrity; it seems to be particularly im-
portant in preventing tissue hydration in
freshwater habitats (3). If one considers
the similarities in osmotic stress experi-
enced by freshwater teleosts and aquatic
amphibians (especially larval forms), it is
not surprising that there is some evi-
dence for a role of prolactin in salt and
water homeostasis in amphibians ).
The transformation of the bullfrog (Rana
catesbeiana) tadpole from an aquatic to
an amphibious creature must occur in a
manner that is compatible with the
changing demands on its osmoregulatory
capabilities. In view of the involvement
of prolactin in growth, development, and
osmoregulation, one might expect the
hormone to play an important role in the
process of metamorphosis as well as in
the regulation of growth of larval am-
phibians. Indeed, some investigators
have speculated that developmental pat-
terns may result, in part, from prolactin-

SCIENCE, VOL. 204, 25 MAY 1979

controlled shifts in hydromineral homeo-
stasis (/, 5). However, the extent of this
control by prolactin has not been fully
ascertained ¢, 6). Furthermore, the am-
phibian organs whose activity might be
influenced by prolactin have not been
identified.
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Taylor-Kollros stages

Fig. 1. Saturable binding of '**I-labeled ovine
prolactin (PRL) by tail and gill microsomal
fractions. Values are femtomoles of hormone
bound by 0.5 mg of membrane protein in the
presence of 90 fmole of label. Arabic numbers
are used instead of the more conventional Ro-
man numerals for the different stages.

Studies of the binding of labeled pro-
lactin to presumptive receptors in mem-
brane fractions of mammalian (7) and
avian (8) tissues indicate that the hor-
mone shows a high degree of specific
binding to established and suspected tar-
get organs. The degree of binding gener-
ally varies directly with the functional
status of these organs. Hence, analysis
of the occurrence of prolactin receptors
in amphibian tissues should provide in-
formation on probable target organs of
the hormone. However, the only infor-
mation on this subject is a brief report
that membranes from adult bullfrog kid-
ney show a high degree of specific bind-
ing of '?*I-labeled ovine prolactin (9). We
have studied target organ responsiveness
to prolactin during amphibian develop-
ment and metamorphosis. The potential
sensitivity of organs in larval and adult
bullfrogs to prolactin was evaluated by
using the relative amount of saturable
binding of '**I-labeled ovine prolactin to
microsomal fractions as an index of or-
gan sensitivity. The structures examined
were the tail and gill, both of which oc-
cur only in the larva, and the liver and
kidney, which persist in the adult. The
gill and kidney are potential sites for hy-
dromineral-regulatory actions of prolac-
tin, and the tail is a known target organ
of the hormone.

Tadpoles of R. catesbeiana (11 to 20 g)
were kept in tap water at 18°C with a
constant food supply. After 1 week, they
were staged according to Taylor and
Kollros (10) and killed, the four struc-
tures being removed and placed in Dry
Ice. The organs of two groups of 30 tad-

‘poles each (stages V to IX and X to XII)

were pooled by organ type and stage
range. The organs of 15 to 20 tadpoles
were pooled by type for each stage be-
tween XVII and XX and for stage XXII.
The kidneys and livers of 12 adult bull-
frogs were pooled by organ type. Mem-
brane fractions of the kidney pools were
prepared twice for stages XX and XXII
and three times for stages V to IX and
adult.

Microsomal fractions of each tissue
pool homogenate were prepared by dif-
ferential centrifugation according to the
method of Shiu et al. (I1). The initial low-
speed (600g) centrifugation was omitted
in order to minimize tissue loss. The
100,000g pellet was resuspended in 25
mM tris and 15 mM CaCl, buffer, pH 7.6.
Membrane protein was estimated ac-
cording to the Hartree modification of
the Lowry method (/2).

Ovine prolactin (/3) was labeled with
125] by a lactoperoxidase procedure (/4).
Labeled hormone was separated from la-
beled enzyme and free '**I by column
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