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PERSPECTIVES: EVOLUTION A N D  I M M U N O L O G Y  tetanus vaccine. Immunized birds fledged 

fewer and lighter offspring than nonimmu- 
nized birds (9). The mechanistic basis of The Economics of lmm uni ty these reductions in fitness remains to be 
determined for both the birds and the bees. 

Andrew F. Read and Judith E. Allen In both sets of experiments, the animals 

I 
mmunologists have a firm grasp of the comes from the invertebrate immune system. were stressed: The bees were starved and 
diversity of immune responses mounted Invertebrates possess an innate immune sys- the birds were producing offspring. When 
by animals against bacteria, viruses, tem whose cells destroy pathogens by an animal is already stressed, mounting an 

and parasites. Although Darwinian natural releasing soluble molecules or by engulfing immune response may place excessive de- 
selection has been invoked to explain other (phagocytosing) them. In taxa as diverse as mands on stores of an essential factor (a 
types of biological diversity, it is still not snails, moths, mosquitoes, and fruit flies, arti- rare amino acid, energy?). Alternatively, 
clear how natural selec- ficial selection in the labora- stressed animals may 
tion might shape patterns tory for increased ability to be less able to repair 
o f  immunoresponsive-  resist parasite attack has damage that might oc- 
ness-what type of  im- been associated with reduc- cur  a s  a n  incidental 
mune response to mount, tions in at least some compo- side effect of  the im- 
and at what strength. This nents of fitness (8 ) .  Moret mune response. 
question, which is quite and Schmid-Hempel (2) now If immunity proves 
distinct from historical report substantial fitness costs t o  be costly, natural 
accounts of the origin of associated with activating an selection ought to fa- 
different types of immu- innate immune response in vor enhanced  resis-  
nity (I), is now addressed bumblebees. They found that tance to pathogens or 
by the reports of Moret immunorespons ive-  
and Schmid-Hempel (2) ncss only when it is 
and Nunn et al. (3) on  p 
1 166 and 1 168 of this issue. 

Adaptationist thinking 

currency-has had a subs 
impact in many areas of 
(4). It is central to unde 

pathogens and herbi 
plants (5). Such thinking also 
forms a natural framework for un- beneficial. Is investment in immune pro- 
derstanding the evolution of the tection greater in species that arc exposed 
immune system (6). Indeed, dis- prim, time for Baseline white blood cell counts to a larger number of pathogcns? If so, this 
cussions of immunity are often (mean + for monogamous primates (A) the Bolivian could explain natural variations in patho- 
couched in terms of the costs (re- gray titi  (Callicebus donacophilus) and (B) the whitemhand- gen resistance or immunoresponsiveness. 
sources used and tissue damage gibbon ( ~ ~ [ ~ b ~ t ~ ~  [ar) and for their promiscuous Analogous arguments underpin adaptive 
associated with an immune re- ti,,, (c) the chimpanzee (Pan troglody~s) and (D) the ye[- explanations of  diversity in a wide range 
sponse) and benefits (killing of [OW baboon (Papi0 cynocephalus). Numbers in parentheses of animal traits. For instance, there is vari- 
the pathogen). Progressing from refer to the number of blood samples contributing to the ation among mammalian species in re- 
such informal notions to testable estimates. [Data from (3)] gions of their bodies that have pronounced 
hypotheses requires some way to skin thickening. These regions correlate 
measure the fitness costs of operating an im- immunologically challenging bees by expos- closely with those areas that are most like- 
mune system. In addition, ecological corre- ing them to lipopolysaccharides or microlatex ly to be severely damaged when males 
lates of variations in immune investment, beads elicited antibacterial activity in the bee fight each other: Mountain goats use their 
such as the degree of exposure to pathogen hemolymph ("blood") and also dramatically horns to strike at the haunches of their op- q 
assault, need to be identified. reduced their survival compared to bees that ponents and have rump shields of  thick- 

Evidence that immunity does not come were not immunologically challenged. ened skin; in contrast, sheep, which meet 
cheap is based largely on the assumption that There may also be fitness costs associ- squarely head to head, have thickened skin 4 
the substantial physiologcal perturbations as- ated with immune responses in verte- on the face and back of the neck (10). Is it g 
sociated with mounting an immune response brates. In addition to innate immunity, ver- possible to detect such ecological corre- 2 
will have an impact on the fitness of the or- tebrates possess an adaptive immune sys- lates of variation in the immunc defenses $ 

1: ganism (7). Direct evidence for fitness costs tem in which different types of cells carry of animals? 'A 

a highly diverse array of receptors that rec- Nunn et al. (3) claim to have done just 
ognize an almost unlimited range of  for- that in 41 species of primates. They gath- 
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cal for healthy animals). They discovered 
that total white blood cell counts, as well as 
numbers of the different types of white 
cells (neutrophils, lymphocytes, and mono- 
cytes), are higher in promiscuous primate 
species than in closely related monoga- 
mous species (see the figure). Nunn and 
co-workers argue that these results are evi- 
dence for greater investment in immune 
defenses by primate species more at risk of 
sexually transmitted diseases (STDs). They 
found no evidence that higher white blood 
cell counts were associated with greater ex- 
posure to ordinary infectious diseases be- 
cause the counts did not correlate with 
body size or population density, or with ex- 
posure to soil-borne pathogens. Implicit in 
Nunn et al.'s argument is that monogamous 
species find it too costly to maintain the 
slightly higher white blood cell counts typ-
ical of their promiscuous relatives. 

The authors' assertion that species dif- 
ferences in white blood cell numbers 
recorded in zoos reflect evolutionary dif- 
ferences in immune defense investment 
provokes some difficult questions. Most 
important, are baseline white blood cell 
counts reliable measures of species differ- 
ences in immune system preparedness? 
One argument might be that higher steady- 
state numbers of phagocytic cells such as 
neutrophils would enable these cells to 
reach points of infection in tissues more 
quickly. But the species differences in 
white blood cell numbers-which are often 
small compared to the health-related fluc- 
tuations observed in single individuals- 
will be rapidly swamped by the influx of 
bone marrow neutro~hils into the blood in 
response to infection. 

Even more difficult to explain are the 
higher numbers of lymphocytes in the 
promiscuous primates. It is the diversity of 
these antigen-specific cells and their capac- 
ity to make an effective memory response, 
rather than their overall numbers per se, 
that will determine the effectiveness of the 
immune response and the outcome of infec- 
tion. Indeed, why are the numbers of all 
three types of immune cell (neutrophils, 
lymphocytes, and monocytes)-which have 
very different functions, life-spans, and 
evolutionary histories--elevated in promis- 
cuous primate species? Perhaps the eleva- 
tion of all three cell types reflects some oth- 
er difference between promiscuous and 
monogamous primates. For example, in 
zoos, the housing arrangements (density of 
animals, and ratio of females to males) for 
promiscuous and monogamous species may 
differ. This could lead to varying degrees of 
exposure to stress and disease that may ac- 
count for the differences in white blood cell 
counts. Even in nature, there might be 
species differences in circulating levels of 

stress or sex hormones resulting in differ- baseline immune cell numbers highlighted 
ences in the numbers of white blood cells or by their study demand explanation. Exten- 
their distribution within the blood, bone sion of their analyses to other orders of 
marrow, and tissues. mammals could be telling. Hopefully, at- 

What of Nunn et al.'s argument that tempts to test Nunn et al.'s interpretation 
their findings point to a role for selection will investigate fitness trade-offs between 
imposed by STDs? Certainly these dis- immunity and other competing demands 
eases are very widespread in nature and, on an animal (13). Used carefully, cost- 
although they typically have longer asymp- benefit analyses should help to make sense 
tomatic periods than other infectious dis- of variations in immunity (6, 7)-not only 
eases and cause chronic rather than acute variations between species, but also those 
infections, they can nonetheless cause associated with pregnancy, age, sex, and 
substantial reductions in fit- season of the year. They should 
ness-principally through also help to explain (and even 
sterility (11). Implicit in to predict) which immune re- 
Nunn et a l . ' ~  argument (3) is sponses are used when and at 
the assumption that this selec- what strength-behavioral ver-
tion pressure is strong enough sus physiological, adaptive ver- 
to favor increases in costly sus innate, T helper cell type 1 
immune machinery, but not versus type 2, and the amount 
strong enough to select for monogamy. That of antigen required to elicit a response. 
may be so, but we still have trouble imagin- A cost-benefit approach to immunity 
ing how slightly higher baseline numbers of might also be of substantial applied inter- 
white blood cells (principally neutrophils) est. Enhancing resistance to infection 
could improve control of STDs. Neu- above that found in nature is the aim of 
trophils are primarily the frontline defense certain selective breeding programs for do- 
cells of the immune system, but it is the mestic animals, and of attempts to geneti- 
adaptive immune response of lymphocytes cally engineer mosquitoes to be more resis- 
that controls chronic infection. If higher tant to the malaria parasites that they trans- 
numbers of circulating neutrophils strength- mit. Indeed, it is also the goal of much vac- 
en first-line defense in the urogenital tract, cination research. But, if the fitness costs 
then why would they not do so in the respi- of immunity prove to be substantial and 
ratory and gastrointestinal tracts, sites of widespread, then successful implementa- 
non-STD infection? tion of these resistance-enhancing strate- 

As is true for much comparative biology, gies in the face of natural selection may 
the correlations reported by Nunn et al. are prove harder than the technological chal- 
relatively weak. We will be delighted if their lenge of creating them in the first place. 
findings turn out to be an example of suc- 
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Irrespective of the specifics of Nunn et R. Maizels, C. Nunn, R. Stephens, and members of the 
a1.k argument, the species differences in Read group for vigorous discussion. 
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