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Experimental Evidence of Female Choice in Lake Malawi Cichlids

Jay B STAUFFER, [R., Karen A, KELLOGG, anD Kenverd R MoKave

To date, most research on sexual selection bhas Focused on the diserimination
between attributes of individuals of the opposite sex. We have demonstrated female
discrimination of a male behavioral character, bower size, by experimentally manip-
ulating bower height in a lek of cichlid fishes from Lake Malawi, Africa. Eggs in-
creased significantly (p<{0.01) with large (15 cm) and extra large (30 cm) artificial
bowers. Males with extra large bowers received a 50% greater increase in eggs laid

than those with just large bowers.

HE driving mechanism for the speciation

events that led to the explosive radiation
of the haplochromine cichlids in the Great
Lakes of Africa is undiscovered; the two most
widely proposed methods are allopatric specia-
tion (Fryer and Hes, 1972) and intrinsic isolat-
ing mechanisms (McKave and Stauffer, 1986).
Several authors (Lande, 1981; West-Eberhard,
1983; Turner and Burrows, 1995) proposed that
rapid divergence of mate recognition via sexual
selection could promote behavioral isolation
and Facilitate speciation. Runaway sexual selec-
tion has been proposed to partally explain the
rapid  radiation  of these  haplochromines
iMcKaye, 1991), and Deutsch (1997) provided
evidence that sexual selection may be associated
with the color diversication of the Lake Malaw
rock-dwelling cichlics.

Wiley and Poston (1996) distinguished be-
tween direct mate choice, which requires dis-
crimination of individual atributes including
behavior, and indirect mate choice, which oc-
curs when females do not respond differentially
tor male features. Most rescarch on sexual selec-
tion has locused on male atributes {Wiley and
Poston, 1996). Vocal advertsement of fertility
has been documented in Tungara Frogs, Phys-
erlaenens frucstudoves (Ryvan el al, 1996) and Acch-
bold's Bowerbird, Avclifolilin fupuensis (Frith e
al,, 1996), Additonally, Borgia (1995) studied
the manifestation of a behavioral character,
bower decoration, in male suceess. His obser-
vations showed that male courtship success was
positively correlated with counts of bone and
glass used to decorate bowers of Spoted Bow-
erbirds, Chlawydera maculate. Ostlund-Nilsson
and Holmlund (2003) showed that females of
the Three-spined Stickleback, Gasterosteous acu-
leaius, were more attracted w males that deco-
rated their nests than o males that did noc
McKaye et al
larger bowers in the female cichlid Gsh Copeadi-
chromis conophorus. This species formed hoge
leks that contained maore than 50,000 males a

(19900 found a preference for

the height of the hreeding season (McKaye,
1983, 1984, In comparisons between pairs of
bowers, males on larger bowers received a 2- to
-fold increase in female attention (hower entry
andd circling behavior) over males on smaller
bowers. In a smaller lek, occupied by 20 o 50
Hopharynx of, angyrosoma males, individuals oc-
cupying bowers closest 1o the center of the lek
received approximately three times as many
matings per male as those around the periphery
(McKaye, 1991). On a third, multi-specific
breeding arena, occupicd primarily by Leth-
raps o.f. paridens (approximately 150 individu-
als), we found that both bower height and lo-
cation within the lek were important (Kelloge
et al,, 20007, Tt is our contention that a simple
correlation between mating success and male at-
tributes was not sufficient evidence of direct Fe-
male chowe {Cox and LeBoeuf, 1977); thus, the
purpose of this stdy was 1o investigale if fe-
miales were selecting males based on bower size,
independent of location within the lek, by ex-
perimentally manipulating bower size in a lek
ol Lethrinops o 0L fuervidens from Lake Malawi, Af-
L L

MATERIALS AND METHODS

The study site was located in the southeastern
arm of Lake Malawi, Africa (34°56'F, 14°00°S)
an a lek approximately 22 m x 15 m (see Fig. |
in Kelloge et al,, 20000, We constructed artificial
bowers ol tin with heights of either 15 cm {1all)
or 30 cm {(extra tall) as compared o the mean
height of 9 cm for natural bowers. The tin bow-
ers were coated with epoxy and covered with
sand. As part of another study (Kelloge et al.,
20009, all the males on the bowers were marked
using FlowT tags with individual identification
marks, Fifteen L. c.lL parvidens males were ran-
domly selected from different areas in the lek.
Each male was observed tor 15 10-minute ob-
servation periods during the seven days prior o
the installation of the artificial bowers, and the
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Fig. 1. Number of eggs laid per 10 minute observation in control, large, and exira large bowers before
andd after bower manipulaton, Ege-laving increased significantly in bowers that were re p].uul with either the
large (15 em) (N = 7 Z 2052 p=m0L01) or extra large (30 cm) (N = 75 7 = —4.735; p<0.01} artificial
bowers, whereas no significant difference (N = 75; 2 = — 1208, p=0405) was observed in the control bowers,
number of cggs laid by females entering the DiscUsSION

howers was recorded. On the eighth day, the
original bowers of ten of the males were de-
stroved and replaced with one of the two ypes
of artificial bowers, The bowers of the five re-
maining males were slightly disturbed by mow-
ing the sand by hand, All males retorned o
their original howers immediately after manip-
ulations, and again observed for 15 10-aminute
observation periods during the seven days fol-
lowing the manipulation. A Wilcoxan signed-
rank test for related or paired variables (5P55
I1.15 for Windows) was used 1o evaluate the dif-
ferences fp-t‘-illl.ﬁll‘] in male mating suceess be-
and alter manipulations of the control,
large, and extra large bowers,

fore:

REsSULTS

Egg-laving increased significantly in bowers
that were replaced with cither the large (15 cm)
(N = 72 L = —3.052, p=0.01} or extra large
(30 em) (N = 70, 4 = —4.733; p<<(L01) artificial
bowers, whereas no significant difference (N =
75; 4 = —1.205; p=0.01) was observed in the
contral bowers (Fig, 1), Note that several obser-
vation periods for the Targe bowers were exclud-
ed from the analvsis because of Interruptions
during the observation period. Furthermore,
males with exira large bowers received a H0%
greater increase in number of eggs laid than
those with just large howers,

Lekking (arena) behavior among animals has
attracted considerable recent attention among
hehavioral and evolhitionary biologists  {(see

Johnsgard, 1994; Hoghind and Alatalo, 1995 for

reviews), These breeding aggregations of males
offer excellent opporiunities for examining: 1)
the processes of mate choice when a large num-
ber of partners are available (Bradbury et al,,
1955); 23 the evolution of sexual preference,
and a “runaway’” nonadaptive feedback leading
e the vapid formation of new species (Fisher,
1958; Lande, 1981; Dominey, 1984); and 3)
whether or not lemales are looking lor “good-
genes,”” and gain genetic benefits by producing
ftter young {Hamilton and Zuk, T982).

Speculation and research upon these funda-
mental questions has a long history, Darwin
(1871 first addressed the role of imersexual se-
lection (female choice) as an evolutionary force
for producing scemingly maladaptive trais;
when males provide no resources or parental
care and females have numerous males among
which to choose, “extravagant™ male secondary
characteristics could result solely from sexual se-
lection,

We propose that the construction of large
bowers by males is directly a result ol female
preference for large bowers, These bowers are
banilt by the males moving one mouathiol of sand
at a time and are thus energetically costly to

build. Furthermore, while these large bowers
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advertise 1o potential mates, they also advertise
to predators such as mormyrids and bagrid cat-
fish, both of which move into the shallows to
feed at dusk,

Theoretically, positive “runaway” feedback
provides a mechanism that could accelerate the
joint evolution of female mate choice and male
secondary sexual auribures, Fisher (1958) hy-
pothesized that “an evolution of sexual prefer-
ence due to this cause would establish an effec-
tive isolation between two differentiated parts of
a species, even when geographical and other
factors were least favorable 1o such separation.”
Furthermaore, Fisher (1958) postulated that the
following conditions would result under his
model of runaway sexual selection: 1) the de-
velopment of a male character and female
choice for such a character would advance to-
gether until checked by severe counter-selec-
tion; 2) the rate of development of this char-
acter would be proportional o the develop-
ment already attained; 3) the selected character
would increase with time exponentially as a re-
sult of this relationship; and 4) this “runaway™
process could begin from small differences
soom achieving major proportions.

Lande (1980, 1981) expanded upon Fisher's
original thesis and hypothesized that divergence
in male traits such as hehavioral patterns, color,
and size could originate rapidly throughout the
ange of a species due 10 local population dif-
ferences in female choice. In particular, Arnald
(1983 argued that lek-breeding species should
exhibit “extraordinary geographic variation in
male attributes,” Stauffer et al. {1993) demon-
strated both shape and size differences among
bowers of three allopatric Copadicfiramis species
in Lake Malaw.

Bower-building  cichlids ol Africa {McKaye,
1991; McKaye et al., 1993; Stauffer et al., 1993)
present an excellent opportunity o examine
the Behavioral patterns and processes necessary
to test the ideas hehind the various models of
mating preferences and sexual selection. These
resulls experimentally demeonstrate that male
Lethvinogs o L. prervidens with the tallest bowers
(30 em} are more successful in attracting fe-
males than males with large bowers {15 cm),
which in turn are more successful than those
with short bowers (5-9 cm). Thus, increased
hower height in male L. o.f. parvidens is selected
for by female mating preferences. This study
prowides experimental evidence that females re-
spond dillerently o differing male atiributes;
thus, this experimental evidence coupled with
the observations of the species specific bower
shape (Stauffer et al., 1993) lends support o
the hyvpothesis that sexual selection contributed

G50

to the rapid radiation of Lake Malawi cichlids.
In addition, this study is unlike manipulation
cxperiments conducted on other organisms
(g, Long-tailed Widowbirds, Andersson, 1982,
Swordtail Fish, Basolo, 1990} in that the pref-
crence demonstrated here is for a non-morpho-
logical trait, but rather a manifestation of a be-
havioral character {i.e., bower building).
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