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Competition among male birds to fertilize the eggs of 
females has the potential to infuence many areas of 
avian biology (Birkhead and Meller 1992a). This is 
particularly true of reproductive anatomy and physi- 
ology which provides a link between behavior (such as 
copulations) and parentage. The study of male repro- 
ductive parameters, such as testis size, the number of 
sperm stored and ejaculate volume, has revealed nu- 
merous adaptations to sperm competition at the ana- 
tomical level (ea.. Meller 1988. Meller 199 1. Birkhead . __ 
et al. 1993). For example, relative testes mass is gen- 
erally greater in species in which females engage in 
extra-pair copulations (Moller 199 1). 

One important factor that determines which male 
fertilizes eggs is the mechanism of sperm precedence 
(the way in which order of mating affects the chances 
of fertilization). All experimental studies to date have 
revealed that when copulations are separated by at least 
4 hr the sperm of the last male to mate have precedence. 
For example, last male precedence averages 80% in the 
Zebra Finch Taeniopygia guttata (Birkhead et al. 1988) 
and between 77% and 93% in chickens Gallus (Warren 
and Gish 1943, Compton et al. 1978). The aim of this 
paper is to describe the reproductive anatomy of both 
male and female Chaffinches Fringilla coelebs, and to 
interpret features of their anatomy with reference to 
sperm competition and sperm precedence mecha- 
nisms. 
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METHODS 

A single pair of Chaffinches was collected (under li- 
cense) close to their nest in the early morning of 13 
May 1992, on day + 3 of the female’s laying cycle (where 
day 0 is the day the first egg is laid). In addition, we 
dissected a freshly dead male (killed by a weasel Mus- 
tefa nivalis in mid April), and a female (road kill in 
mid June). Methods for dissection and measurement 
of sperm storage tubules (SSTs) in females and testes 
and number of sperm in sperm stores of males followed 
Briskie (1993) and Briskie and Birkhead (1993). SSTs 
containing sperm were photographed under Normarski 
illumination using a Leica Laborlux microscope. Al- 
though the sample size is small, it is reasonable to draw 
general conclusions from such a sample as Briskie and 
Montgomerie (1992, 1993) found that variation be- 
tween species accounted for most (60.1% or more) of 
the total variance in sperm length, SST length and SST 
number in a sample of 20 North American passerine 
species. Values are given as means (+l SD) unless 
otherwise stated. 

RESULTS AND DISCUSSION 

Male reproductive anatomy. Both males had enlarged 
testes and cloaca1 protuberances (CPs), indicating that 
they were reproductively active when collected (male 
1: CP volume, followingBriskie (1993) 308 mrnJi vol- 
ume index following Birkhead et al. (1991) 20.3 
rnrn’gm’; male 2: 322 mm3 and 21.6 mrn3gm1 respec- 
tively). The right and left seminal glomera of male 1 
weighed 0.0740 g and 0.0748 g respectively, a com- 
bined weight of 0.1488 g (0.73% of the male’s body 
weight [20.25 g]) and contained an estimated total of 
33.6 x lo6 (-t-3.88 x lo6 SE) soerm. The seminal 
glomera act as a store for matured sperm prior to ejac- 
ulation (Briskie 1993). The combined weight of the 
testes was 0.4779 g (right: 0.2333 g, 8.3 mm x 7.0 
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mm; left: 0.2446 g, 9.1 mm x 7.3 mm; 2.36% of body 
weight). The sperm examined were typical of passerine 
sperm, with ‘corkscrew’ heads (e.g., Quay 1985) and 
they measured 252.5 pm long (+ 10.5 pm, n = 30) with 
heads 15.2 pm long(k2.15 pm, n = 30). 

The right and left seminal glomera of the second 
male weighed 0.0753 g and 0.070 1 g respectively (com- 
bined weight 0.1454 g, or 0.76% of male body weight 
[ 19.0 g]), and were estimated to contain a total of 32.2 
x lo6 (+ 1.75 x lo6 SE) sperm. The combined weight 
of the testes was 0.4070 g (right: 0.2014 g, 7.8 x 7.2 
mm: left: 0.2056 a. 8.7 x 6.7 mm). 2.14% ofthe male’s 
body weight. CP size was measured on four other male 
Chaffinches; two from males 35 and 50 days before 
egg-laying (volumes: 153 mm3 and 73 mm’) were much 
smaller than CPs from males closer to the laying dates 
of their females. The other two males were measured 
within a week of their females laying, and had CPs 
similar in size to those of the two dissected males. For 
the four males in reproductive condition the mean (SE) 
CP dimensions were: depth 8.08 (0.58); height 8.60 
(1.32); width 8.18 (0.28) giving a mean volume of 446 
mm’, or volume index of 28.39 mm3g-’ (Birkhead et 
al. 1991). 

In a comparative analysis, Meller (199 1) demon- 
strated that birds that are subject to high levels ofsperm 
competition, as determined by mating system, have 
larger testes than expected from their body weight. On 
the basis of Meller’s (199 1) regression of male body 
mass on testes size (log [testes mass] = - 1.37 f 0.67 
log[body mass]), and given that the specific gravity of 
the testes in this study is less than that assumed by 
Mdler, a 20 g bird is expected to have testes weighing 
0.25 g; the mean testes mass (0.443 g) of the two males 
dissected is therefore 79% greater than expected. An 
impression of the relative size of this difference can be 
obtained by comparing the ratio between observed and 
expected testes mass in the Chaffinch (1.79) with those 
oftwo polyandrous species that are known to be subject 
to particularly intense sperm competition (Dunnock 
Prunella modularis: 2.13; Smith’s Longspur Calcarius 
pictus: 2.98; Briskie 1993). Although male Chaffinches’ 
testes are not as disproportionately large as these two 
polyandrous species, their relatively large size is an 
indication of the importance of sperm competition in 
this species. 

Fewer data exist concerning the size of the seminal 
glomera in birds, or the number of sperm that males 
store within them. At 0.75% of male body weight the 
seminal glomera of these two male Chaffinches are 
intermediate in size between those of the two poly- 
androus species above (0.82% and 1.13% respectively) 
and a sample of three monogamous species in Briskie 
(1993) that had a mean seminal glomera size of 0.43% 
of male body mass (Yellow-headed Blackbird Xantho- 
cephalus xanthocephalus 0.3796; Iapland Longspur 
Calcarius lapponicus 0.4296, American Tree Sparrow 
Spizella arborea 0.51%). The total number of sperm 
in the seminal glomera of the two male Chaffinches 
(mean 32.9 x lo6 sperm) was considerably fewer than 
the number that a male Dunnock (1,060 x 106; Birk- 
head et al. 199 1) or Smith’s Longspurs (217 x 106; 
Briskie 1993) store, but considerably more than either 
Zebra Finches Taeniopygia guttata or Bengalese Finch- 

es Lonchura striafa (4.8 x lo6 and 7.7 x lo6 respec- 
tively; Birkhead et al. 199 1). Males of these two species 
pairs (Smith’s Longspur and Dunnock and Zebra and 
Bengalese Finches) probably lie near opposite ends of 
a continuum representing sperm competition intensity. 
The intermediate numbers of sperm in the seminal 
glomera of male Chaffinches fit in well with their po- 
sition on this continuum as a monogamous species 
with a high level of sperm competition (Sheldon 1994) 
for which 17% of offspring are fathered through extra- 
pair copulations (Sheldon and Burke 1994). 

Female reproductive anatomy. The female collected 
during egg-laying had laid three eggs previously; there 
were two large, yolky follicles (diameters of 5.8 and 6.5 
mm) in the ovary, indicating that there were at least 
two more eggs to be laid. However, this female would 
not have laid on the morning of capture as there was 
no shelled egg in the oviduct. SSTs were clearly visible 
in the primary mucosal folds under a low powered 
compound microscope. There were 11 primary mu- 
cosal folds, each of which contained an average of 68.6 
SSTs (k4.18, n = 5) giving an estimated total of 755 
SSTs. Under high power, many SSTs clearly contained 
snerm (ea.. Fia. 1 ToD): of93 SSTs examined. 86 (93%) 
containeda mean oi“13.16 sperm (~lS.Ol,‘range 1: 
100). As each SST contained an average of 11.43 sperm 
(including those with none), this female was estimated 
to be storing approximately 755 x 11.43 = 8,625 sperm. 
The SSTs were typical of passerines (pers. observ.), 
although they were relatively long and without branch- 
es. They averaged 508.5 pm in length (-C 177 pm, range 
270-925, n = 20) diameter 76.8 irn (* 15.3 pm, range 
55-105. n = 20). The lumen of the tubules was clearlv 
visible,‘and in many cases enlarged at the distal end; 
lumen width measured at the midpoint of the tubule 
was 9.6 pm (k3.2 pm, range 5-13.75, n = 20). 

The distribution of the number of sperm per tubule 
was strongly negatively skewed. The observed distri- 
bution differed significantly from that expected if sperm 
distributed themselves randomly (calculated from a 
Poisson distribution; G-test, G,, = 157.47, P < 0.0001). 
Sperm were more aggregated than expected, since there 
were relatively more SSTs with fewer sperm and others 
with many more sperm than expected. This was not 
simply due to some SSTs being ‘switched 08 (and 
therefore not accessible to sperm), since when SSTs 
containing no sperm were excluded from the analysis 
the observed distribution was still siznificantlv differ- 
ent from random (G,, = 86.47, P < ?l.OOOl). _ 

Birkhead et al. (1990) also reported that sperm were 
distributed non-randomly between SSTs in the Zebra 
Finch, and apparently clumped distribution of sperm 
within SSTs has also been shown to occur in the Dun- 
neck (Birkhead et al. 1991) and the Japanese Quail 
Coturnix japonica (Birkhead and Moller 1992a). Since 
the ‘clumping’ is not due to some SSTs being inactive, 
it may be due to sperm travelling in discrete ‘bundles’ 
or due to some attraction between particular SSTs and 
sperm (Birkhead et al. 1990). 

There was no evidence of the discrete stratification 
of sperm in the tubules as reported for some species 
(e.g., Briskie and Montogomerie 1993). Instead, sperm 
in SSTs containing a large number of sperm tended to 
occur in overlapping layers (Fig. 1 Top). In some cases 
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FIGURE 1. (Top) Sperm packed within a single sperm storage tubule. Note that they do not form discrete 
layers. (Bottom) Distal end of a sperm storage tubule, with turned sperm. 
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(approximately 10%) it appeared that sperm had turned 
in the enlarged distal end of the tubule, and were ori- 
ented with their heads facing towards the opening of 
the tubule (Fig. 1 Bottom); in these instances the heads 
of the ‘turned’ sperm had faced and sometimes over- 
lapped the heads of other sperm oriented towards the 
distal end of the tubule (Fig. 1 Bottom). 

The second female had an old, inactive, brood patch 
when examined, and on dissection the oviduct was 
much reduced compared to that of the first female. The 
follicles in the ovary were of almost uniform size (di- 
ameter approximately 1 mm) and, together with the 
late date (12 June), suggest that this female would not 
have renested that season. The brood patch was non- 
vascular&l, and typical of a female with hatched young 
(pers. observ.). Although reduced in size, 16 primary 
mucosal folds were still visible. Examination under 
high power revealed the presence of SSTs although they 
were relatively indistinct. The mean number of SSTs 
present on five primary folds was 54.2 (G. 13, range 
49-70, n = 5) which was significantly fewer than for 
female 1 (Mann-Whitney U-test, z = 2.034, P < 0.05; 
treating folds as independent observations). SSTs were 
also shorter and clearly regressed compared to female 
1 (mean length = 224.3 pm, + 52.2, n = 15; t,, = 5.85, 
P < 0.0001; treating individual SSTs as independent 
observations). There were no sperm present in any of 
the SSTs (n = 20). 

In contrast to males, functional explanations for the 
variation in female sperm storage anatomy, in terms 
of sperm competition, have proved elusive (Birkhead 
and Moller 1992a, 1992b, Briskie and Montgomerie 
1993). Birkhead and Moller (1992b) found that female 
body mass accounted for a large proportion of the vari- 
ance in SST number across species. On the basis of 
their relationship a 20 g bird is expected to have 1,058 
SSTs (range 721-1,553), so the observed number of 
SSTs in female 1 (755) is within the predicted range, 
although close to the lower limit. In addition, Briskie 
and Montgomerie (1993) found an interspecific posi- 
tive correlation between sperm length and SST length 
which they suggested may have evolved through com- 
petition between sperm for access to SSTs. The length 
of male Chaffinch sperm (252 pm) is close to that pre- 
dicted on the basis of SST length from Briskie and 
Montgomerie (1993) although both sperm length and 
SST length are unusually large compared to other pas- 
serines for which this information is known. Only the 
Yellow Warbler Dendroicapetechia and the Tree Swal- 
low Tachycineta bicolor have longer sperm and SSTs 
respectively (Briskie and Montgomerie 1992, 1993). 
Birkhead and Moller (1992b) derived an equation that 
predicts the duration of sperm storage from the spread 
of laying and SST length, with spread of laying = 4.5 
days. and SST length = 508.5 urn. the predicted soerm 
storage duration in the Chaffinch is 8.5 days. Since the 
first egg to be laid is fertilized early on day - 1, sperm 
inseminated on day - 9 could conceivably fertilize the 
first egg. This predicted figure accords well with the 
time at which males start mate guarding and the time 
at which females start soliciting for copulations (gen- 
erally from day -8 onwards; Sheldon 1994). 

All studies of sperm precedence in birds to date have 
indicated that last male sperm precedence (LMSP) oc- 

curs when copulations are separated by more than 4 
hours (Birkhead and Moller 1992a). The mechanism 
by which LMSP arises is unknown, but observations 
of sperm stratified into layers within female SSTs, with 
their heads oriented towards the distal end (e.g., Birk- 
head et al. 1990, Briskie and Montgomerie 1993), sug- 
gest that it might arise through a ‘last in, first out’ 
mechanism (Compton et al. 1978). In the present study 
the observations of sperm that had apparently turned 
within the SSTs of female 1 suggest that this mecha- 
nism may not operate in the Chaffinch, since sperm at 
the distal end of the tubule could perhaps gain access 
to the oviduct before sperm situated more proximally. 
As far as we can ascertain, these are the first obser- 
vations of sperm apparently actively turning in any 
bird examined (although Mero and Ogasawara [ 19701 
proposed that the enlarged distal lumen that they ob- 
served in preparations of chicken SSTs might allow 
sperm to turn in their ends). 

The relatively large testes, seminal glomera and sperm 
stores of male Chaffinches suggest that they have been 
exposed to selection to produce large numbers of sperm 
at relatively frequent intervals. In addition, male Chaf- 
finches have disproportionately large ejaculates for their 
body size (five times the volume of other small pas- 
serines: Thiede et al. 1981 in Moller 1988). It may 
therefore be possible to speculate about the sperm pre- 
cedence mechanism in the Chaffinch. Observations of 
sperm apparently actively turning in the end of SSTs 
(Fig. 1 Bottom) suggest that last male sperm precedence 
is unlikely to occur in the Chaffinch by stratification 
(Compton et al. 1978). In addition, work on Zebra 
Finches (Birkhead et al. 1988) Mallard Anas platy- 
rhynchos (Cheng et al. 1983) and chickens (Warren and 
Gish 1943) has shown that where copulations are sep- 
arated by less than four hours, last male sperm pre- 
cedence vanishes, and instead a ‘fair raffle’ (where 
chances of fertilization are proportional to the number 
of sperm inseminated) appears to operate. As Chaf- 
finches copulate as frequently as four times per hour 
(Sheldon and Burke 1994), it may be that something 
more akin to a fair raffle may operate in this species 
(assuming that the “four hour rule” applies). The ob- 
servations of turning sperm may be consistent with a 
raffle mechanism if sperm are continuously being cy- 
cled between the rest of the female reproductive tract 
and the sperm storage tubules; it is hard to see how 
such a mechanism could be consistent with last male 
nrecedence. 

We thank Mike Siva-Jothv for helo with. and the 
use of, his microscope. BCS was funded by a student- 
ship from SERC, and TRB by a grant from SERC. Jim 
Briskie and Kristine Johnson made useful comments 
on the manuscript. 
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The woodcreepers (Fumariidae: Dendrocolaptinae) 
climb vertical tree trunks suspended by their forward 
toes and supported by their stiffened tails. They are 
one of several groups that independently evolved-such 
scansorial behavior (Richardson 1942, Bock and Mil- 
ler 1959, Storer 1971). This paper is ‘part of a wider 
study of the woodcreepers (Raikow 1993, 1994; Rai- 
kow et al. 1993; Bledsoe et al. 1993) and its purpose 
is to consider whether the hindlimb muscles of the 
woodcreepers show structural adaptations for scanso- 
rial behavior. 

’ Received 12 April 1994. Accepted 1 August 1994. 

Stolpe (1932) suggested that when birds assume 
perching or standing postures the center of gravity lies 
vertically above the hindlimbs, and gravity tends to 
flex the leg joints; this is counteracted by the postural 
activity of the extensor muscles of the legs. In a bird 
that is clinging vertically, however, the center ofgravity 
is displaced horizontally relative to the substrate. The 
bird is anchored to the tree by flexion of the forward 
toes, whose claws penetrate the bark, and its tendency 
to fall extends the legjoints, and is resisted by the flexor 
muscles. Thus, in the evolution of scansorial behavior 
a functional reversal occurs as a major postural role is 
transferred from the extensor muscles to the flexors. 
Moreno (1991) analyzed climbing adaptations in tree- 
creepers (Certhia spp.), and reiterated the idea, based 
on Stolpe (1932), Spring (1965), Winkler and Bock 
(1976) and Norberg (1986) that it is advantageous for 
a tail-braced bird to minimize the distance from its 


