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Introduction

Large dense aggregation is one of the most well-
known behavioral features by adults of the conver-
gent lady beetle, Hippodamia convergens (Guerin-
Meneville) (Coleoptera: Coccinellidag), where several
thousand individuals clump together during diapause
under leaves or debris or while feeding on aphids
(Hodek, 1973). Living in an aggregation offers such
benefits as defense and access to mates (Hodek, 1973),
but are there other attributes that could be garnered
as a result of group living? One possibility could
involve water balance. The maintenance of adequate
levels of body water (water balance) is a problem for
all arthropods (Hadley, 1994), particularly for small-
bodied insects such as lady beetleswhose surface area
isgreat in relation to their volume, which favors water
loss (Schmidt-Nielsen, 1984). In adults of the trop-
ical fungus beetle, Stenotarsus rotundus (Coleoptera:
Endomychidae) the formation of large clusters dur-
ing diapause (Denlinger, 1994) has a profound impact
on water conservation by lowering water loss rates:
as group size increases, water loss decreases (Yoder
et a., 1992). It may be that lady beetles in clusters
retain water more effectively than isolated specimens.
Accordingly, we derived rates of net water loss for
adult female H. convergensbeetlesin groups of differ-
ent sizes. In addition, water content and dehydration
tolerance limit were determined.

Materialsand methods
Beetles and test conditions. H. convergenswere col-

lected from Baltimore, MD and were reared on aphids
and tap water at L15:D9, 22-24 °C. Adult females,

about 3 weeks of age, were used in the experiment.
Beetleswere held without food and water at 22—24°C,
33%r.h. (MgCl,; Winston & Bates, 1960), L 15:D9, for
at least 24 h and until 4-6% body mass had been lost,
minimizing the effects of ingestion, defecation, excre-
tion and reproduction on mass changes. Changes in
mass thus reflect changesin the mass of water (Whar-
ton, 1985).

Beetles were weighed and monitored singly using
an electrobalance (Perkin-Elmer), with precision of
+0.2 g SD and accuracy of +£6.0 pg at 1 mg. Calci-
um sulfate provided a dry atmosphere of 0% r.h. All
experimentswere conducted in an environmental room
(22—24 °C, L15:D9). Beetles were removed from test
conditions, weighed and returned within 1 min, and no
anesthesia was used. Individuals monitored in groups
weremarked ontheelytrawith paint (Pactra, Van Nuys,
CA); paint had no effect on mass changes (data not
shown).

Determination of water balance characteristics. To
determine water content, beetles were weighted (ini-
tial mass) and dried (0% r.h., 90 °C) to constant
mass (dry mass); the amount of water lost (water
mass) was expressed as a percentage of initial mass
(% body water). Wharton's (1985) method was used
to derive net water loss rates (integumental plus res-
piratory water 10ss). |solated beetles (or paint-marked
individuals from groups) were weighed, returned to
the group and then transferred to 0% r.h., 22-24 °C,
L15:D9. Beetles were reweighed every 12 h for atotal
of five readings of mass. Under 0% r.h., mass changes
areduesolely toloss; theslopeof aregression on aplot
of In m/my (m; = water mass at time t; my = initial
water mass) versus time is the rate of net water loss
and was expressed as %/h.
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Table 1. Group influence on net water loss rate (%/h, 0% r.h., 22—24 °C) and water pool of adult female lady
beetles, Hippodamia convergens. Values (mean + SE) followed by the same letter within a column do not differ
significantly (ANOVA; P>0.05). Observations were made on individual s in each of the experimental groups until

45 beetles had been examined; there were 45 groups for each test size with one designated beetle per group

Initial water content Water lossrate  (%/h, 0% r.h.)
Group Initial mass Water mass Body water Still air Moving air
size N (mg) (mg) (%) (42.8 ml/min)
1 45 1884 +1.15* 1183+ 0.65% 6279+ 2.12 0.396 4+ 0.006%  0.392 + 0.005%
5 45 1876 +1.122 1191 +0.53% 63.49 + 2.4? 0.381 +0.005>  0.401 + 0.0042
10 45 1892+ 1.16* 11.74+0.69% 62.05+ 1.9? 0.237 + 0.003°  0.394 + 0.0072
20 45 1888+ 1.19% 11.76 +0.612 6229+ 2.32 0.229 +0.004%  0.397 + 0.0052

To determine dehydration tolerance, individual
beetles were weighed, held at 33% r.h., 40 °C, and
every 30 min asubset (N=20) was removed, reweighed
to caculate percent change in weight (wi—wg/Wp)
(100%); w; = weight at timet and wp = initial weight)
and then placed upside down in aPetri plate (9 cmi.d.)
that contained 6 droplets of water. The point where
50% of the test population was moribund (unable to
right themselves, crawl to water droplets and drink)
after a day served to denote an irreversible level of
dehydration.

The ability by beetles to drink water was tested
by offering adult female beetles six droplets of Evans
blue-stained water (10%) in a Petri plate (9 cmi.d.); 1
beetle per plate. We checked for the presence of blue
coloration in the gut by light microscopy.

Results were compared by an analysis of variance
(ANOVA), using thearcsin transformation for percent-
age data and the test for the equality of several slopes
(Sokal & Rohlf, 1981).

Results and discussion

Beetlesin the experiment were approximately the same
size and had similar initial water mass (Table 1). In all
cases, dry mass was a positive correlate of water mass
(r> < 0.93; P<0.001). These considerations indic-
ate that the differences we noted between treatments
(group sizes) are likely to be group-related.

Individual beetlesin thelargest group examined (20
in the cluster) retained water nearly two-times more
effectively than isolated beetles; net water loss rates
for individuals in groups of 5 and 10 were between
both extremes (Table 1). Beetles tolerated losing only
27.81 + 2.7% of their body weight (20 per replicate;
N = 3), but this modest tolerance for weight loss dur-

ing dehydration can be countered by aggregation, a
feature that makes this limit unreached by suppress-
ing net water loss rates. In fact, we have observed a
2-4 day increasein survival at 0% r.h. (22-24 °C) for
beetles in clusters of 20 than when kept individually
(data not shown). Beetles offered droplets of Evans
blue dyed-water drank the colored liquid and stain was
evident in their gut (20 per replicate; N = 3, and in
large bulk colonies beetles were seen drinking water
from droplets and moist cotton.

Until now it was not known that adult females of
the convergent lady beetle, H. convergens could regu-
late water loss behaviorally by forming clusters. Only
S rotundusisthe other beetleknownto havethisability
(Yoder etal., 1992). Like most arthropods (reviewed by
Hadley, 1994), thelady beetle’ swater content (approx-
imately 62%) is close to the mean water content (70%)
of many insects; their dehydration tolerance (about
30%) is within the range (17-89%) of other arthro-
pods and seems to be a typical limit; and net water
losses through the cuticle and respiration are balanced
mainly by drinking free water. The ‘group effect’ in
H. convergensbeetlesis the distinctive feature, and we
anticipate that other aggregation beetles in this taxon
will extend this trend.

M odifications made by the ‘group’ on the avenues
that contribute to net water loss rate (namely, integ-
umental plus respiratory water loss, Wharton, 1985)
are not completely known. One possibility is that the
aggregation behaveslikea' superorganism’ with regard
towater balance(Yoder etal., 1992); small bodied, oth-
erwise dehydration-prone, beetles reap the enhanced
water conservation features of a large arthropod by
surface area to volume properties (Schmidt-Nielsen,
1984). Alternatively, aggregationmay raisetherelative
humidity for beetles inside the cluster, or extra cutic-
ular wax may be acquired by beetles being in direct



physical contact. Denlinger, Tanakaand Wolda' s work
on S. rotundus (reviewed by Denlinger, 1994) suggests
that lower O, consumption rates with increasing group
size may reduce net water loss by decreasing respirat-
ory water loss, and we are presently investigating this
in H. convergens.

The following experiment was conducted to help
clarify how group-sizemight affect net water loss rates
of individual beetles. If lowering net water lossis due
to increased relative humidity in the beetle cluster, we
would anticipatelittleeffect of the‘ group’ by removing
the humidified boundary layer over the beetl€’s cuticu-
lar surface. Indeed, dry air pumped continuously over
clusters of beetlesin an open-flow system (flow rate of
42.8 ml/min; modified from Wharton & Knille, 1966)
ablated the ‘ group effect’ on net water loss (Table 1).
In absence of a buildup of vapor pressure within the
cluster net water loss is unaltered by gains. We have
assumed that increased relative humidity is an import-
ant component of the ‘ group effect’, but thisisthefirst
evidencethat thisis occurring.

Our experiments with adult female lady beetles
showed enhanced water conservation in group sizes of
5, 10 and 20 bestles, with striking progression asgroup
size increased. Whether water loss rates would contin-
ue to drop for lady beetles in a group of ‘thousands
is not known. Alternatively, an equilibrium point may
be reached; that is, at some upper limit of beetles no
further reductionin water lossrateswould be achieved.
Certainly, defense and accessto mates are major bene-
fits of aggregation (Hodek, 1973), and it is now appar-
ent that aggregation plays an additional role in water
conservation.

89

Acknowledgement

We thank Dr. David B. Rivers (Loyola College, Bal-
timore USA) for the subcolony of beetlesand his help-
ful comments on the manuscript. Many thanks also to
the two reviewersfor their insightful remarks.

References

Denlinger, D. L., 1994. The Beetle Tree. American Entomologist
40: 168-171.

Hadley, N. F., 1994. Water Balance of Terrestrial Arthropods. Aca-
demic Press, New York.

Hodek, |., 1973. Biology of Coccinellidae. Junk, The Hague.

Schmidt-Nielsen, K., 1984. Scaling: Why is Animal Size so Import-
ant? Cambridge University Press, New York.

Sokal, R. R. & F. J. Rohlf, 1981. Biometry. W.H. Freeman, New
York.

Wharton, G. W., 1985. Water balance of insects. In: G. A. Kerkut
& L. I. Gilbert (eds), Comprehensive Insect Physiology, Bio-
chemistry and Pharmacology. Pergamon Press, Oxford. Vol. 14,
pp. 565-601.

Wharton, G. W. & W. Kntlle, 1966. A device for controlling tem-
perature and relative humidity in small chambers. Annals of the
Entomological Society of America 59: 627-630.

Winston, P. W. & D. H. Bates, 1960. Saturated solutions for the
control of humidity in biological research. Ecology 41: 232—
237.

Yoder, J. A., D. L. Denlinger & H. Wolda, 1992. Aggregation pro-
motes water conservation during diapause in thetropical fungus
beetle, Senotarsus rotundus. Entomologia Experimentalis et
Applicata 63: 203-205.



