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So we may conclude that certain insects cross hard-surface roads by the
shortest possible route in a tropistic response to the symmetry of radiant energy
coming from up and down the road. The response is made by both flying and
crawling insects, but it is not made by all flying insects (e.g., dragonflies). Such
behavior has survival value for crawling insects, for it causes them to spend the
least possible time on hot and heavily traveled highways. Similarly, this response
leads insects to cross bare spots of the earth in the shortest possible time.
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THE EVOLUTION OF ALARM CALLS:
ALTRUISM OR MANIPULATION ?

In many species of passerine birds a member of a flock gives a special alarm
call when it sees an aerial predator (Thorpe 1961). The whole flock immediately
takes off and heads for cover. The birds freeze if they are already in cover. This
phenomenon has been discussed from an evolutionary point of view (Maynard
Smith 1965 ; Trivers 1971 ; Williams 1970; Emlen 1973), since it apparently is a
classic case of altruistic behavior. Altruism means that the act of calling in-
creases the survival chances of nearby conspecifics while placing the caller in
greater immediate danger. If the members of the flock are closely related,
altruistic calling can evolve through kin selection (Hamilton 1964). However,
alarm calls are given not just in the presence of close kin, but also outside the
breeding season after migration and dispersal (Trivers 1971). Calling perhaps
originated in family groups but how has the habit come to be found in groups
that are not of close kin, assuming that the call would be suppressed in nonkin
groups if this were advantageous to the caller individuals ? Any hypothesis must
allow that initially some callers were penalized by selection, since otherwise it
is not possible to explain why the calls of several different species are convergent
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(Marler 1955). It is this convergence that has been cited as evidence that calling
is (or was) altruistic.

Trivers (1971) suggested how alarm calls may evolve without kin selection.
He argues that even though the caller places itself in greater immediate danger,
calling will evolve if hawks are less effective in, or less likely to initiate, attacks
on groups with callers. If a single caller increases the fitness of the whole flock,
the habit will spread when rare, even though callers have a lower fitness than
their noncalling flock mates, because birds that give the call still have a higher
fitness than noncallers as a whole. This is because the fitness of the few non-
callers in groups with callers must be averaged with the fitness of the many that
have no caller around them. Thus birds giving the call will be favored even
though they are incidentally altruistic to their companions.

Trivers’s argument could account for the initial spread of the gene(s) for
calling, but the frequency of callers would not increase beyond a certain level
under this mechanism alone. Selection will cease to favor callers when the
frequency of calling is high enough for most groups to have at least one caller.

If a population of size N is divided into # groups with % individuals in each
group, and if p is the proportion of callers in the total population, we can
calculate how many groups will have at least one caller, assuming that indi-
viduals are assigned to groups at random. The probability that a group receives
no callers is the Oth category of the hypergeometric distribution because the
assignment of individuals to groups is analogous to drawing balls from an urn.
If we approximate the hypergeometric distribution with the binomial, the
probability of a group having no callers [p(z = 0)] is approximately as follows:
p@ = 0) = (1 — p)* (actually the = should be replaced by <).

If we set the flock size k equal to 15, p(z = 0) is about 0.01 when p is 0.25.
Virtually no flocks are without a caller by the time the frequency of callers in the
total population reaches about 259%,. Therefore the basic mechanism proposed
by Trivers will not account for the spread of the genes for calling beyond about
259, unless the flocks under consideration are much smaller than 15. We assume
that callers are distributed at random through the population, which is not true
if callers tend to associate with each other. However, there will be strong selec-
tion for noncallers to be in groups with callers, so we consider the random
model as a reasonable, and perhaps conservative first approximation.

We now consider the consequence of having more than one caller in a flock.
Trivers (also W. J. Smith, personal communication) suggests that if the fitness
in a group is an increasing function of the number of callers present, selection
will favor the further spread of the calling gene.

Let the fitness of a noncaller in a group with z callers (0 < z < k) be Wn(z).
A caller in the same group has a fitness Wn(z) — o(z), where a(x) measures the
cost of calling. This fitness measure includes both short- and long-term effects
and assumes that the only caller-noncaller difference is the calling itself (which
is reflected in af[x]). We make the following assumptions: (1) o is constant,
(2) Wn(x) is a linear function of z (@ + bx) (fig. 1), and (3) p(x = 0) is approx-
imately zero. The average fitness of a caller (Wc) is then @ + b - E(x) — «, and
that of a noncaller (Wn), @ + b- E*(x). (E[x] is the average number of callers
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Whn(x)

Wn(x) - a

fithness --w

O callersin group --- X K

F1e. 1.—Fitness in any group increases as the number of callers in the group
increases. The fitness of a noncaller is Wn(z); that of a caller, Wn(z) — «a(z). In
this figure « is constant and positive (calling carries an added risk over noncalling).

surrounding a randomly chosen caller, and E*[z] is the average number of
callers surrounding a randomly chosen noncaller.)

For We¢> Wn: E(x) — E*x) > %.

As is shown in the Appendix, E(z) — E*(x) < 1 in the random model, so the
rule becomes approximately :

For We> Wn: o <b.

That is, the gain in fitness from adding one more caller to a flock must be greater
than the penalty for calling in order for calling to spread. This suggests that the
calling habit should continue to spread only if the penalty for calling is very
small. If the fitness functions are nonlinear with negative second derivatives,
the callers are even worse off, since it can be shown that here E(x?) > E*(z?)
(i.e., the callers suffer more from this nonlinearity than do the noncallers).

We suggest two of several possible explanations of why the penalty for calling
() should be small. (1) The convergent form of the call favored by selection is
hard to locate (Marler 1955) and perhaps even ventriloquial (Perrins 1968).
Since Trivers’s initial mechanism is adequate to maintain an altruistic call at
low frequency, o« may have been reduced sufficiently (the call “perfected’) to
allow further spread of the habit. (2) The penalty to an individual for calling
may decrease as the number of callers in a group increases, since there are more
callers to share the total penalty (in this case « is not constant).

While the condition that « be made small is quite plausible, we question the
basic assumption that & > 0. The only evidence that the call is (or ever was)
altruistic seems to be the interpretation that this assumption is necessary to
explain the extreme convergence to the difficult-to-locate form of the call. We
suggest that this interpretation is incorrect. Suppose that o were less than or
equal to zero, that there were a positive benefit associated with calling. Callers
would be favored simply because they had higher fitness than noncallers.
Within the class of callers, however, some would be better off than others.
Altruism refers to a caller-noncaller comparison, but to explain the evolution of
the form of the call we need only compare fitness within the caller class (under
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the assumption that at least some kinds of calls are better than no call at all).
Obviously there has been strong selection for a difficult-to-locate call, but this
does not require that the easier-to-locate calls had lower fitness than no call
(Maynard Smith 1965).

We propose that the calling habit spread because of a positive benefit
associated with calling (¢ < 0), that the caller increases its survival chances
relative to its flock mates. Fitness may be an increasing function of the number
of callers present (as in fig. 1), but the caller curve lies above that of the non-
caller. The individual seeing the hawk would seem to be in a good position to
avoid being caught by manipulating its flock mates. Having seen the hawk, the
bird has two pieces of information : that there is a hawk, and the position of the
hawk. If the caller passes on only part of this information to its flock mates, it
will be able to use them to enhance its own safety. The noncallers are simply
told that there is a hawk, and head for cover without respect to the predator’s
direction of approach. The caller can now protect itself by ‘“seeking cover”
(Hamilton 1971) on the far side or in the middle of the flock, or benefit from the
“confusion effect” (Eibl-Eibesfeldt 1970). Undoubtedly other types of manip-
ulation are possible, but these seem the most obvious. We use the term
“manipulation” only in the sense that the caller benefits most of all from the
action. Obviously the individuals called to do not act to increase the caller’s
safety. They use the information for their own benefit, but in doing so make it
possible for the caller to benefit even more.
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APPENDIX
Ex) — E¥(x) ~ 1

Define as follows: x = number of callers in a group z = 0, 1,...,k; g(z) =
probability that a group has x callers; f(z) = probability that a caller is in a group
with « callers; h(x) = probability that a noncaller is in a group with z callers;
n = number of groups; £ = group size.

We have that

f(x) = Prob [a caller is in a group with « callers]

number of callers in groups with « callers

number of callers in all groups

_ @) en-x g -z

S Y9 nee Ygl)-a’

h(z) = Prob [a noncaller is in a group with z callers]

number of noncallers in groups with = callers

number of noncallers in all groups

@) n-(k -2  _g- (k-2

g .
Yg@)-n-k—2) Yg) -k —a)
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We will use the following expectations :
Yoz =Us T g@)-a® = Upg
Ve =X g@)@— U = Uy — U2
E(x) = average x for a caller = > x - f(2);
E*(x) = average x for a noncaller = > x - h(x).
Theorem : E(x) = E*(x) by an amount that depends on U, and V,.
T9@-a® _ Usy _ Vit US

E(x)=zx'f(x)=m=7= U
E’(w):Ux+%.
(b — @)
Uk —-Uy,, Uk -V, —UZ2
k- U, k- U,
_ Uk — Uy v,
T k-U, k-U,’
E*(w):Ux—ki[xU.
So
V. V. V- k
Be) - B'@) = 4+ 70 S T = Uy

In the balls and urn model
U,= P Fk;

—k
= P-k(1 — P) (g 1) ~ P.k(1 — P) if & is small relative to N.

-~
|

Pok-k(l—-P)

B = B*@) ~ 5 hd = P)
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