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Intraspecific variation in testis size of small
mammals: implications for muscle mass

Albrecht I. Schulte-Hostedde, John S. Millar, and Graham J. Hickling

Abstract: Intraspecific variation in testis size is usually interpreted in the context of sperm competition, yet an uncon
sidered consequence of increased testis size may be an increase in the production of testosterone, which can affect the
growth of muscle mass. After muscle mass is corrected for body size, male small mammals have more muscle mass
than females, which suggests that it may be a sexually selected trait. An enhanced musculature may have fitRess conse
guences with respect to male mate-searching activities and male—-male competition for access to females. We tested the
prediction that males with large testes have more muscle mass (measured as lean dry mass) by examining testis size
and body composition in three species of small mammals (bushy-tailed wooNeatofma cinerea deer mouse

(Peromyscus maniculatysand red-backed voleC{ethrionomys gappe)j from the Kananaskis Valley, Alberta. In all

three species, males with relatively large testes had relatively more lean dry mass than males with relatively-small tes
tes. This suggests that a secondary consequence of relatively large testes may be a relative increase in muscle mass.
Further research should investigate alternative effects of intraspecific variation in testis size on individual fitness within
wild populations to gain further insight into sexual selection.

Résumé :La variation intraspécifique de la taille des testicules est généralement prise en compte lors d’'études sur la
compétition des spermatozoides et une conséquence souvent oubliée de 'augmentation de taille des testicules est une
augmentation de la production de testostérone qui peut affecter la croissance de la masse musculaire. Apres les correc-
tions pour tenir compte de la masse du corps, il s'avere que les petits mammiféres méales ont une masse musculaire
supérieure a celle des femelles, ce qui indique que la masse musculaire peut étre déterminée par la sélection sexuelle.
Une masse musculaire importante peut avoir un impact sur le fithess en affectant les activités de recherche de partenai-
res sexuels et la compétition entre méles pour I'accés aux femelles. Nous avons Vvérifié I'hypothése selon laquelle les
males a gros testicules ont une masse musculaire (masse séche sans les graisses) supérieure, en mesurant les testicule:
et en étudiant la composition corporelle des males de trois espéces de petits mammiferes de la vallée de Kananaskis (le
néotoma a queue touffudléotoma cinerer la souris sylvestreReromyscus maniculatpygt le campagnol a dos roux
(Clethrionomys gappe)). Chez les trois espéces, la masse séche sans les graisses est plus importante chez les males
aux testicules relativement gros que chez les méles aux testicules relativement petits. Cela laisse croire que la posses-
sion de testicules relativement gros a pour conséquence secondaire I'augmentation relative de la masse musculaire. Des
recherches sur les autres effets de la variation intraspécifique de la taille des testicules sur le fitness individuel au sein
des populations naturelles s'imposent avant qu'il ne soit possible de tirer des conclusions sur la sélection sexuelle.

[Traduit par la Rédaction]

Introduction to fertilize the egg(s). One of the predicted consequences of
sperm competition is that relative testis size should be-high

Variation in testis size is often interpreted in the context ofest among species which have the highest likelihood of
sperm competition, a common phenomenon across the aréperm competition. This prediction has been borne out in
mal kingdom (for reviews see Birkhead and Parker 1997many comparative analyses across multiple taxa (e.g.,-mam

Birkhead and Mgller 1998). Sperm competition occurs whemals, Harcourt et al. 1981; Ginsberg and Rubenstein 1990;
a female mates with multiple males and the sperm fromHeske and Ostfeld 1990; birds, Mgller 1991; Mgller and
these males compete within the female’s reproductive tradBriskie 1995; fish, Stockley et al. 1997). Tests of these pre
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Table 1. Body length, wet mass (excluding stomach contents), lean dry mass, testis length,
and relative testis length (testis length/body length) (mean = SD) of bushy-tailed wood rats
(Neotoma cinerea deer mice Peromyscus maniculatysand red-backed voles

(Clethrionomys gappeyisampled from the Kananaskis Valley, Alberta.

Bushy-tailed wood rats Deer mice Red-backed voles
Body length (mm) 233.3 £ 15.69 86.0 + 5.92 97.7 + 6.65
Wet mass (Q) 353.1 + 68.85 21.2 £ 2.05 25.7 £ 3.50
Lean dry mass (Q) 79.3 + 15.78 4.6 £ 0.64 6.0 + 0.85
Left-testis length (mm) 15.4 + 2.60 10.0 £ 1.18 10.6 + 1.18

dictions with respect to intraspecific variation in testis size Body-composition analysis was performed following Kerr
have yielded inconsistent results (e.g., Rising 1987; Ribbleet al. (1982) and Dobush et al. (1985). For deer mice and
and Millar 1992). red-backed voles, whole bodies excluding stomach contents
A heretofore unconsidered consequence of increased testigere dried and then ground in a Wiley Mill or Moulinex eof
size independent of sperm competition may be an increase ii®e grinder, and the fat content was determined using petro
the production of androgens such as testosterone. Testostéeum ether in a Soxhlet fat extractor. Wood rat carcasses
one is produced by the testes and can affect many physiologexcluding stomach contents, skull, and pelt) were ground in
ical parameters including the growth of muscle mass (Manr meat grinder and dried. The dried carcass was then ground
and Lutwak-Mann 1981; Bhasin et al. 1998). Male smallin a Moulinex coffee grinder. Fat extraction was performed
mammals have more lean dry mass (predominantly -comon two 4-g subsamples from each carcass. The fat content of
posed of muscle protein), when corrected for body size, thathe pelt was determined by soaking the intact pelt in ether
females (Schulte-Hostedde et al. 2a1and this may result for 24 h. Total fat content was calculated as the mean of the
from the effects of higher levels of testosterone. The effectéwo replicate estimates of carcass fat, plus pelt fat (Hickling
of variation in muscle mass are likely to be profound be-et al. 1991). For all species, fat extractions were performed
cause muscle mass may be a sexually selected trait (Bonnist the Department of Zoology, University of Western On-
et al. 1998). Males with an enhanced musculature may havirio, within a year of the carcasses being collected. For all
a fitness advantage over males that do not, because a robwgtecies we calculated water content as the difference be-
musculature likely increases success in male mate-searchitigeen fresh mass (without stomach contents) and the mass
activities and male—male competition for access to femalef the carcass after drying. Lean dry mass was determined as
Alternative consequences of intraspecific variation in testhe mass of the carcass following the removal of fat.
tis size have rarely been considered in an evolutionary or We used body length (calculated by subtracting tail length
ecological context. Here we examine intraspecific variationfrom total body length), rather than body mass, as an index
in testis size and body composition in three species of smalf body size because of the confounding effects of nutri-
mammals: deer mous@gromyscus maniculatysushy-tailed tional condition (Dobson 1992; Schulte-Hostedde et al. 201
wood rat (Neotoma cineréa and red-backed voleClethrioo  and because this index has been used in other studies (e.g.,
nomys gappe)i We predict that males with large testes haveHeske and Ostfeld 1990; Levenson 1990). Left-testis length
relatively more muscle mass (measured as lean dry mas#jas used as an index of testis size because testis length is
than males with small testes. highly correlated with the mass of both testes in the deer
mouse (Ribble and Millar 1992). In addition, left-testis length
is highly correlated with testis mass in wood rats= 10,
Methods r = 0.79,P = 0.006). Finally, we used lean dry mass as an
index of muscle mass because the latter is mostly composed
We used data from three species of small mammalsf muscle protein (Schulte-Hostedde et al. 280l mea
(bushy-tailed wood rat, deer mouse, and red-backed vole) afurements (testis length, lean dry mass, and body length)
collected in the Kananaskis Valley, Alberta, in the Front(Table 1) were log-transformed prior to statistical analysis to
Ranges of the Rocky Mountains (51°N, 115°W). All animalsremove any allometric effects.
used in the analyses were breeding adult males producing To determine whether testis size was related to lean dry
sperm. mass, we initially determined whether testis length was sig
Wood rats (20 males) were collected in summer of 1984ificantly related to body length. If there was a significant
and 1985 using Conibear kill-traps (Hickling 1987; Hickling relationship, we corrected for body size by using the residu
et al. 1991). Total body length (including the tail), tail als from this regression in further analyses, otherwise we
length, and length of the left testis were measured (all to theised testis length. We corrected lean dry mass for body size
nearest millimetre) and each body was frozen. Deer micdy using residuals from the regression of lean dry mass on
(73 males) and red-backed voles (64 males) were collectebdody length. We then regressed residual testis length er tes
from early May to late August 1987 using snap traps baitedis length on residual lean dry mass.
with a small string soaked in aromatic oils that was tied to
the treadle (Millar et al. 1990). Total body length (including Results
the talil), tail length, and length of the left testis were mea
sured (all to the nearest millimetre) and each body was Among wood rats, testis length was independent of body
frozen (Millar 1987; Millar et al. 1990). length €116 = 1.06,r? = 0.055,P = 0.32). Lean dry mass
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was positively related to body lengti( ;4 = 63.73,r2 = other major constituent, ash (derived from the skeletal struc
0.780,P < 0.001) so we used the residuals from this regresture). Most of the lean dry mass is protein derived from
sion to correct lean dry mass for body length. Male woodmuscle. For instance, in water snakd$efodia sipedo))
rats with larger testes had more lean dry mass than malggotein made up, on average, 78% of lean dry mass (Weather
with smaller testes after we corrected lean dry mass for bodjiead and Brown 1996). In muskrat®r{datra zibethicugs
size F1,15 = 9.66, r? = 0.349,P = 0.006) (Fig. 1). approximately 83% of lean dry mass was composed of pro
Testis length was independent of body length in deer micégein (Virgl and Messier 1992). In both cases, ash composed
(F71 = 0.29,r? = 0.004,P = 0.592). Lean dry mass was the lesser proportion of lean dry mass. Nonetheless, varia
positively related to body lengtt-(; 71; = 6.66, r> = 0.086, tion in lean dry mass may also reflect some variation in-skel
P =0.012) so we corrected lean dry mass for body length byetal structure (ash).
using the residuals of this regression. Size-corrected lean dry A concomitant trade-off between a high testosterone level
mass was not related to testis length among male deer migand perhaps large testes) and its effects on muscle mass is a
(Fa7y = 0.85,r2 = 0.01,P = 0.36); however, the removal of reduction in immunological functioning (Folstad and Karter
an outlier yielded a significant positive relationship between1992). It would therefore be interesting to determine whether
testis length and residual lean dry maB§ o) = 6.94,r2 = males with relatively large testes (and relatively more mus
0.09,P = 0.01) (Fig. 1). cle mass) had higher parasite loads than males with rela
Among red-backed voles, testis length was significantlytively small testes (and relatively less muscle mass), as has
related to body length/; g4 = 6.39,r2=0.091,P = 0.014), been indicated in some birds (e.g., Merila and Sheldon 1999).
therefore we corrected testis length for body length by using Although an analysis of three species precludes a general
the residuals of this regression. There was also a significardonclusion regarding the hypothesized increase in muscle
positive relationship between lean dry mass and body lengtmass due increased androgen levels produced by the testes,
(Freq = 52.93,r2 = 0.453,P < 0.001), therefore we again it is interesting to consider whether this relationship exists
used the residuals from this regression to correct lean drgmong other taxa. It is clear that more research into 4intra
mass for body length. After we corrected lean dry mass fospecific variation in testosterone levels in wild populations is
body size, males with larger testes had relatively more leanequired. Additionally, any adaptive explanation of variation
dry mass than males with smaller testeg (4 = 10.48,r2 = in testis size, muscle mass, or any other trait assumes that
0.142,P = 0.002; Fig. 1). these traits are heritable. Determining whether testis size and
muscle mass are heritable in wild populations will help put
Discussion this study and others like it in proper context.
We found evidence that in all three species, males with
relatively large testes had relatively more lean dry massAcknowledgements
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