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Abstract

Patterns of cranial Variation within and between two coexisting gerbilline rodents from the Namib De-

sert were assessed. Size of individual cranial characters is more variable in Desmodillus aiiricularis than

in Gerbillurus paeba, but G. paeba is more variable in aspects of morphological shape. This contrasting

pattern of variability in size and in shape has implications for ecomorphological studies. Without infor-

mation on the relative functional importance of these two aspects of morphology, there appears to be

little basis for using data on morphological Variation to derive ecological generalizations. It is suggested

that the strikingly different degree of correlation among cranial measurements in these two species is

related to differences in growth rates and demographic seasonality.

Introduction

A variety of hypotheses have suggested relationships between intrapopulation morpholo-

gical variability and ecological patterns. One of the most populär and widely-tested is the

"niche Variation" hypothesis (Van Valen 1965 a) which argues that populations occupying

wider niches should be morphologically more variable than those with narrower niches

(see also Hamilton and Johnston 1978; Patterson 1981, 1983; Rothstein 1973; Soule

and Stewart 1970; Van Valen and Grant 1970; Willson 1969; Willson et al. 1975).

Other examples of hypotheses relating morphological Variation and particular aspects of

ecology were summarized in Hespenheide (1973), Weins and Rothenberry (1980), Wer-
ner and GiLLiAM (1984) and Futuyma and Moreno (1988). Tests of these hypotheses

have yielded varying outcomes and a number of authors (Patterson 1881, 1983; Roth-

stein 1973; SouLE and Stewart 1970, Weins and Rotenberry 1980; Willson et al. 1975)

have discussed problems with the formulation of these hypotheses or the way they com-

monly have been tested. Recently, Schmitt et al. (1995) suggested the "niche-width"

(= niche Variation) hypothesis to explain the association of genetic and ecological variabil-

ity in fruit bats in the Indonesian Archipelago. However, their results indicated no corre-

lation with morphological variability.

A basic premise of these ideas is that morphologically different individuals within a

Population differ in patterns of resource use. The degree of difference among individuals

(i.e., Variation) should thus parallel the variety of a population's ecological patterns (e. g.,

geographical ränge, ränge of prey sizes, or some more general measures of niche

breadth). The expectation that morphological Variation should translate into functional

Variation is entirely reasonable. However, most tests of these hypotheses have rested on
the additional assumption that functional Variation is most importantly influenced by Var-

iation in size (sensu stricto) of morphological structures. Constraints of body size and size

of particular structures, of course, are of unquestionable functional importance. Several
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authors have demonstrated that differential resource use (either between species or

among individuals of a single species) may be related to Variation in linear dimensions of

anatomical traits (most frequently examined have been trophic structures; Abbott et al.

1975, Grant 1981; Herrera 1978: Pulliam and Enders 1971; Willson 1971). In other

cases, however, relationships between Variation in size and Variation in function have

been assumed but not directly tested (see Patterson 1983 for a review). The shortcoming

of this approach is illustrated by the existence of structures in which size per se may not

be of clearly greater functional importance than aspects of morphology like shape or rela-

tive proportions of component parts (for mammals see Brownfield and Wunder 1976;

Herring and Herring 1974; Nelson and Shump 1978; Freeman 1979; Thorington and

Heaney 1981; and, Smith 1993; Rüssel and Thomason 1993 for reviews).

In this study we present data on contrasting patterns of Variation in size and shape or

Proportion of cranial characters in two coexisting gerbilline rodents from the Namib De-
sert of Namibia. The results demonstrate the Virtual necessity of understanding the rela-

tive functional importance of size/shape Variation in eco-morphological studies.

Additionally, we discuss possible developmental and demographic correlates of mor-

phological differences between these two species.

Material and methods

Specimens Examined

The two species of gerbilline rodents considered were GerbiUurus paeba (Smith 1836) and Desmodillus

auricularis (Smith 1834). Specimens used in assessing morphological variability were collected at Gorra-

sis (25°18'S. 15°55'E) on the eastern edge of the Namib Desert in Namibia. Specimens were collected

in a Single habitat (the bush piain habitat of Christian 1979 a. 1980) more or less evenly throughout the

period between March 1974 and April 1975. Our sample is. thus, temporally and spatially very consis-

tent. Cranial sutures were well ossified in all specimens and there was at least slight wear on the molar

teeth. Additionally, body weights of all specimens were well above minimum weights of reproductively

active animals observed in the field. Therefore we feel that these specimens were both morphological

and potentially reproductive adults. Precipitation essentially failed completed on the study site a year

prior to the Start of the field work during which the animals were collected. Rodent populations con-

sisted of only widely scattered individuals when field work began in 1974 (Christian 1979 a. 1980).

Thus. the sample consisted almost entirely of animals bom during 1974-1975.

Morphological Characters

Several of the morphological characters we selected almost certainly have a direct relationship to feed-

ing (incisor width, length of maxillary and mandibular toothrows; Smith 1993) and predator detection

(length and width of auditory bulla; Lay 1972). While the functional significance of the other characters

chosen (skull length, zygomatic breadth, and diastemal length) is less clear, these structures are likely

related to feeding (sensu lato; see Smith 1993 for a review of morphological studies of the mammahan
feeding apparatus).

The eight cranial characters were measured with dial calipers to the nearest 0.1 mm. To insure accu-

racy of the measurements, each specimen was measured at least twice, one week apart. If the second

measurement deviated by 0.1 mm or more, it was measured a third time. In our second series, less than

10 per Cent of the original measurements had to be repeated.

Analyses

The mean body weight of specimens was 24 g in G. paeba and 45 g in D. auricularis. Because of this

size difference, we log-transformed the raw data before Computing variances (Lewontin 1966; for ratio-

nale, see MoRiARrrY 1977). The log-transformations scale the raw data so that variances of measure-

ments of different magnitude are comparable while preserving the relative variability. Using log-

transformed data we computed variances for each character in each species/sex class. These variances
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were compared between sexes within each species and within sexes between species by a series of F-

tests.

One technique used to examine questions about Variation in shape or proportion was to compute

Pearson product-moment correlation coefficients (r) between each pair of characters within each sex

and species. We assume that a high degree of correlation among cranial characters is indicative of rela-

tively low Variation among individuals in cranial shape. Differences between species and sexes in the

distribution of significant F-tests and correlation coefficients were tested for independence by Chi-

square.

Another method to examine relationships among cranial characters was to compute the proportion

of Variation unique to each character. This was accomplished by performing a Principal Factor Analysis

(PFA) in which we forced the procedure to extract eight new multivariate factors (Nie, et al. 1975). The

procedure calculated an estimate of the communality (h^) for each character. The communality ex-

presses the proportion of the total variance of each character that is due to intercorrelations with the

other characters. From this value, we calculated a uniqueness index (1-h^) for each character (i.e., the

proportion of the total variance of that character that cannot be attributed to correlations with the

other characters).

Results

The distribution of measurements for both species gave no indication of bi- or poly-mod-

ality, indicating that the size Variation discussed here is continuous. Univariate compari-

sons showed no significant difference in variability between sexes within each species.

Univariate comparisons by sex between species indicated that all variances were larger in

D. auricularis than in G. paeba (Tab. 1). F-tests on these variances indicated that

D. auricularis was significantly more variable than G. paeba in six of the eight characters

for females and in seven of the eight characters for males. A Chi-square test of independ-

ence on the distribution of significant F-test results was significant for either probability

of the F-tests (X^ > 4.00, P < 0.05, df = 1). These results indicate that the number of signifi-

cantly larger variances in D. auricularis was greater than would be expected due to

Chance alone. Thus, in terms of size of cranial characters, D. auricularis is clearly more
variable than G. paeba.

Table 1. Variances of log-transformed measurements of cranial characters in male and female Desmo-
dillus auricularis and Gerbillurus paeba. Probability (P) based on F computed as for D. auricularis

divided by for G. paeba.

Males Females

D. auricularius G. paeba D. auricularius G. paeba

CHARACTER N N P N N P

Skull Length (SL) 17 0.002504 28 0.000738 < 0.005 18 0.002319 25 0.000559 < 0.001

Zygomatic Breadth

(ZB) 17 0.001941 28 0.001107 < 0.100 18 0.001834 22 0.000715 < 0.025

Incisor Width (IW) 18 0.005859 30 0.002473 < 0.025 19 0.004438 25 0.002998 < 0.25-0.10

Diastemal Length

(DL) 18 0.003680 30 0.002057 < 0.100 19 0.003092 26 0.001239 < 0.025

Maxillary Toothrow

(MT) 18 0.002590 30 0.000890 < 0.010 19 0.001522 26 0.000782 < 0.100

Auditory Bulla

Length (BL) 18 0.001981 30 0.001015 < 0.100 19 0.002448 26 0.000573 < 0.100

Auditory Bulla Width

(BW) 18 0.001190 30 0.001038 < 0.500 19 0.001142 26 0.000700 < 0.25-0.10

Mandibular Tooth-

row (MdT) 18 0.002010 30 0.000576 < 0.005 19 0.002228 26 0.000741 < 0.010
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Correlation coefficients (r) for each pair of characters for each species and sex are

shown in table 2. The discrepancy between sample sizes in tables 1 and 2 result from the

fact that correlation coefficients were computed using data from specimens for which all

eight cranial measurements were available. The number of significant r's is distributed as

follows: in females, D. auricularis had 20 of the possible 28 r's significant at P < 0.05, with

two additional r's significant at 0.05 < P < 0.10, while G. paeba had only 9 r's significant at

P < 0.05 and 1 further r significant at 0.05 < P < 0.10. In males, D. auricularis had 27 of the

28 r's significant at P < 0.05 and the other r significant at 0.05 < P < 0.10; G. paeba had
only 16 r's significant (all at P < 0.05). Sample sizes were larger in G. paeba than in

D. auricularis for both sexes. Our Statements about differences in the degree of correla-

tion in cranial characters in these two species are therefore conservative.

Table 2. Character correlation matrices for male and female Desmodillus auricularis and Gerbillurus

paeba. Abbreviations follow table 1. Significance levels of correlation coefficients (r), * = P < 0.05;

** = 0.05 <P< 0.10.

D. auricularis females (n = 17) D. auricularis males (n = 15)

ZB IW DL MT BL BW MdT ZB IW DL MT BL BW MdT

SL .760* .569* .965* .614* .889* .616* .250 .875* .589* .887* .772* .910* .747* .651*

ZB .575* .761* .547* .850* .657* .441** .510** .859* .759* .883* .626* .678*

IW .617* .394 .505* .096 .108 .680* .674* .516* .652* .714*

DL .451** .839* .508* .135 .747* .791* .702* .596*

MT .674* .585* .724* .760* .618* .887*

BL .750* .373 .766* .643*

BW .495* .537*

G. paeba females (n = 18) G. paeba males (n = 26)

ZB IW DL MT BL BW MdT ZB IW DL MT BL BW MdT

SL .646* .230 .853* .339 .737* .576* .277 .817* .239* .896* .425* .728* .692* .166

ZB .107 .589* .345 .556* .608* -.0.17 .210 .781* .427* .695* .712* .263

IW .078 -.017 -.013 -.122 .216 .207 .436* .211* .144* .547*

DL .243 .613* .436** .081 .258 .686 .722* .098

MT .308 .387 .328 .391* .253 .486*

BL .660* -.005 .686* .256

BW .159 .163

The distribution of significant r's was also tested for independence by Chi-square. Be-

tween sexes within species, there were no significant differences in the number of corre-

lated characters (X^ = < 1.0, P>0.3). The number of significant correlations was greater

in female D. auricularis than in G. paeba (X^ > 4.1, P < 0.05 for either level of significance

of r, df = 1). In males, there were more significant r's in D. auricularis than in G. paeba

(X^ = 3.27, 0.05 < P < 0.10, df = 1).

The Proportion of the total variance unique to each character (1-h^) is presented in ta-

ble 3. The uniqueness values for D. auricularis were low (averaging 0.12 for males and

0.10 for females) compared with the mean values in G. paeba (0.23 and 0.34 for males and

females, respectively). In all but 3 of 16 cases (two in males and one in females), unique-

ness values for cranial measurements of G. paeba were greater than for those of

D. auricularis. These values, and the correlation analyses described above, indicate that di-

mensions of cranial characters in D. auricularis are highly intercorrelated. These same
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characters in G. paeba are relatively independent of each other. Thus, as indicated above,

the size of individual cranial characters is more variable in D. auricularh, but the interre-

lations among cranial characters (i.e., relative proportions or shape) are considerably

more variable in G. paeba.

Table 3. Proportion of Variation that is unique (1-h^) for each cranial character in Desmodillus auricu-

laris and Gerbillurus paeba using the füll factor analysis model (Nie et al. 1975). See text for further

explanation.

D. auricularis G. paeba

Males Females Males Females

SL 0.073 0.000 0.050 0.000

ZB 0.048 0.048 0.109 0.303

IW 0.039 0.265 0.406 0.649

DL 0.008 0.016 0.034 0.166

MT 0.079 0.042 0.377 0.597

BL 0.574 0.026 0.268 0.239

BW 0.126 0.162 0.252 0.263

MdT 0.032 0.207 0.368 0.465

Mean 0.122 0.096 0.233 0.335

Discussion

Our initial intent in this study of morphological Variation was to test the niche Variation

hypothesis. Field data suggested that D. auricularis occupies a broader niche than

G. paeba. Accordingly, we predicted that the former species would be morphologically

more variable, in the classical size dimension, than the latter. Part of this prediction was

based on differences between these two species in demographic seasonality: reproduction,

recruitment, and population growth in G. paeba are highly seasonal, whereas the demo-
graphic pattern of D. auricularis is less seasonally restricted (Christian 1979 a, 1980).

There appears to be a direct relationship in desert rodents between reproduction/popula-

tion growth and availabihty and use of resources (Beatley 1969; Christian 1979 a;

French et al. 1974; Reichman and Van de Graaff 1975; Perrin 1986). We assume that

an organism's use of time or of temporally variable resources is an important aspect of

the niche. Therefore, we view the demographic aseasonality of D. auricularis as indicative

of a relatively broad temporal niche. Additionally, although both species occur in a vari-

ety of habitat types (ranging from sand dunes to boulder strewn plains), D. auricularis is

more consistently present in a ränge of habitats than is G. paeba (Christian 1980),

further suggesting a broader niche for D. auricularis.

Our morphological results indicate that D. auricularis is more variable than G. paeba

in size of cranial characters but less variable in cranial shape (correlation among charac-

ters). Some workers (Olson and Miller 1958; Frazetta 1975; Smith 1993; Atchley
1993; Russell and Thomason 1993; Emerson and Bramble 1993) have suggested that

highly correlated characters may operate as an integrated functional unit. Thus, differ-

ences in functional variability of the skulls of these two species may relate not only to

differential size but also to differences in the constancy of relations among component
parts. Patterns of Variation like the ones observed in this study have clear implications

for the niche Variation model and for other eco-morphological hypotheses. That is, if dif-

ferences between these species in niche breadth are related to size variability, the ob-

served trends are consistent with predictions of the niche Variation hypothesis. However,
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if functional variability and niche breadth in these species are closely associated with

Variation in cranial proportions (correlations), the morphological data are contrary to

the predictions. As in most similar studies, data on specific functions of cranial struc-

tures of these two rodent species are unavailable. Therefore, in this and similar cases, we
believe that there is little basis for deriving ecological generalizations from data on mor-

phological Variation.

The different degree of correlation among cranial measurements in these two species

is rather surprising, and it is of interest to consider possible sources of this difference. Sev-

eral authors (Bock and von Wahlert 1965; Olson and Miller 1958; Van Valen 1965 b;

Atchley 1993) have stressed the general importance of developmental processes in influ-

encing correlations among morphological characters. Published growth data for G. paeba,

are, to our knowledge, unavailable. In D. aiiricularis, body length, hind foot length, and

weight increase relatively steadily from birth to 45 days of age (Nel and Stutterheim

1973). Attainment of adult mass in this species is quite slow (Birkenstock and Nel 1977).

In plotting log body weight versus log skull length or log maxillary toothrow length for

both juveniles (not included in samples used in the above analyses) and adults, we find

strikingly different patterns in these two species. In both male and female D. auricularis,

these plots increase relatively linearly. In contrast, in G. paeba there is an asymptote with

an inflection point at body weights of 18-29 g. Linear regression of log skull length

against log body weight explains a higher proportion of the Variation in skull length in

D. auricularis (coefficient of determination, r^, 0.68 to 0.81) than in G. paeba (r^ of 0.40 to

0.56). These same patterns hold even among the morphologically defined adults used in

the above analysis of variability. White we lack absolute time scales for growth data, it ap-

pears that G. paeba reaches füll growth more rapidly than does D. auricularis, or at least

completes growth at lower body weights relative to maximum weight. It is likely that the

differences in cranial correlation in these species are related to the different rates and pat-

terns of growth.

GouLD (1977) suggested a trade-off between "perfection and morphology" and pro-

duction of offspring. We presume that a high degree of correlation among morphologi-

cal characters may be viewed as one aspect of morphological "perfection", and suggest,

in a manner at least superficially similar to Gould's argument, that differences in cra-

nial correlation in these species are related to Hfe history differences. The desert envi-

ronment where field studies were conducted is strongly seasonal and, as described

earlier, the two species differ in the degree to which their demographic patterns are tied

to seasonal events. In addition to G. paeba s highly seasonal pattern of reproduction, re-

cruitment, and rapid population growth, this species differs from D. auricularis in other

ways associated with demographic seasonahty (Christian 1979 a, b, 1980). Gerbillurus

paeba produces larger litters, has somewhat shorter life expectancy, and, as noted above,

is of smaller body size and appears to reach morphological adulthood at relatively lower

body weights.

G. paeba reproduces primarily during times of high water availability. The provision

of drinking water in the field extended the length of the breeding season up to several

months in this species (Christian 1979 a). Christian (1979 b) found that G. paeba is

physiologically less capable of conserving water than is D. auricularis. He argued that,

because of its higher water needs, G. paeba is limited to carrying out important repro-

ductive functions (which may entail considerable water demands) over a more restricted

portion of the year. Thus, relatively high seasonality may be obligatory in this species

(see also Ascaray et al. 1991). In such a species, natural selection may be expected to

favor the rapid development of particular characters that are critical for capitalizing on

resources necessary for successful reproduction, perhaps at the expense of the

development of other, less immediately important characters. This growth may lead

to the relatively poorly "integrated" cranial morphology observed in G paeba. In
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D. auricularis, on the other hand, where there is apparently not a premium on extremely

rapid demographic response, natural selection may favor a somewhat different develop-

mental pattern and allow the production of a highly conservative cranial morphology

compared to G. paeba. In a species with the demographic characteristics of G. paeba,

natural selection likely favors individuals devoting a relatively high proportion of avail-

able resources to reproduction. Conversely, natural selection in a more aseasonal spe-

cies, such as D. aiiricularis, may favor individuals that devote a relatively greater

Proportion of the available resources to non-reproductive functions (growth and mainte-

nance). The differential allocation of materials to either reproductive functions or to

other activities would explain the differences in cranial morphology between these two

demographically different, coexisting species.

Zusammenfassung

Variationsmuster von Schädelgröße und Schädelform bei zwei syntopen Nagetier-Arten (Gerbillinae,

Rodentia)

Bei Gerbillurus paeba und der rund doppelt so schweren Art Desmodillus aiiricularis aus der Wüste Na-

mib (Namibia) wurde anhand von 8 linearen Schädelmassen die inner- und zwischenartliche Variation

untersucht. Dabei zeigte sich das folgende Bild: D. aiiricularis weist die höhere Variabilität in der

Schädelgröße auf, G. paeba eine höhere Variabilität in der Schädelform. Dieser scheinbar widersprüch-

liche Befund bei Bewohnern eines identischen Lebensraumes wirft öko-morphologische Fragen in be-

zug auf die Interpretation der „Nischen-Variations^-Hypothese auf Vermutlich besteht ein Zusammen-
hang mit der unterschiedlichen Populationsentwicklung zwischen den beiden Arten: G. paeba weist

eine deutlich höhere Saisonalität in Fortpflanzung und Populationswachstum auf: D. aiiricularis nutzt

dank ihrer geringeren Saisonalität eine größere zeitliche Nische.
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