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 positive identification impossible. The
 double albumin pattern has appeared as
 a constant feature of the hybrids we ex-
 amined and may be used to substantiate
 the parentage of suspect deer.

 Acknowledgments.-This study was
 supported, in part, by the Fish and Wild-
 life Division of Alberta Energy and Nat-
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 PELVIC GIRDLE CRITERIA FOR SEX DETERMINATION
 OF WHITE-TAILED DEER

 J. KENNETH EDWARDS,1 R. LARRY MARCHINTON, and
 GLADYS F. SMITH, School of Forest Resources, University
 of Georgia, Athens, GA 30602.

 Wildlife biologists and law enforce-
 ment officers are frequently called upon
 to determine the sex of white-tailed deer

 (Odocoileus virginianus) from a dressed
 carcass or partial skeleton. Taber (Calif.
 Fish and Game 42:15-21, 1956) de-
 scribed 3 pelvic girdle characteristics
 which indicate sex in black-tailed (0.
 hemionus) and white-tailed deer. The
 shape of the pubic symphysis, presence
 of suspensory tuberosities, and relative
 size of the pubis were indicators of sex
 but only in deer 2 or more years old. We
 have found that suspected illegal kills are
 likely to be deer in younger age classes.
 Also, determining from a pelvis, whether

 a deer is 2 years or older is a problem
 when the jawbone is not available or can-
 not be definitely assigned to the carcass.
 The objective of our study was to develop
 a simple technique using characteristics
 of the pelvic girdle alone to determine
 age and sex of white-tailed deer, includ-
 ing animals less than 2 years old.

 METHODS

 Observations and comparisons were
 made on pelvic girdles of 109 white-
 tailed deer collected from 8 southeastern

 states (Florida, Georgia, Louisiana, Mis-
 sissippi, North Carolina, South Carolina,
 Virginia, and West Virginia). One
 hundred complete girdles were avail-
 able; 52 of these were intact, and 48 were
 separated at the pubic symphysis. Only
 1 innominate bone was available for the

 remaining 9 specimens. The sex of deer
 from which these bones were taken had

 been determined. One-half year age
 I Present address: Forestry Department, Clemson

 University, Clemson, S.C. 29631.
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 classes were assigned to 87 of the deer
 by the investigators using tooth eruption
 and wear criteria established by Sever-
 inghaus (J. Wildl. Manage. 13:195-216,
 1949). The age classes for 15 specimens
 had been previously determined by the
 individual collectors and were assumed

 to be correct. The 7 remaining pelvises
 included in the sample could be identi-
 fied only as being older than 2 years.

 Bone ossification criteria were devel-

 oped to separate the pelvises into 2 age
 groups and sex of the older group was
 determined by development and position
 of the ilio-pectineal eminence (IPE).
 Three wildlife biologists and 16 students
 in a wildlife techniques class were asked
 to apply the new method to a sample of
 100 pelvises randomly chosen from the
 original specimens to test its accuracy
 and usefulness.

 RESULTS

 Pelvic girdles could be divided into 2
 age groups based on ossification of the
 sutures between the ilium, ischium, and
 pubis. All pelvises from deer 6 months
 old and 68% of the pelvises from 1-year-
 old deer lacked complete ossification.
 That is, all or portions of the suture lines
 between the ilium, ischium, and pubis
 were clearly evident (Fig. 1). All pelvises
 from deer older than 1 year and 32% of
 the pelvises from 1-year-old deer exhib-
 ited complete ossification with no sutures
 visible. Therefore, specimens that exhib-
 ited complete ossification were placed in
 an age group of 1 year or more; those that
 lacked complete ossification were placed
 in a 1 year or less group.

 All pelvises in the older age category
 had a fairly prominent IPE and its posi-
 tion in relation to the edge of the ace-
 tabular branch of the pubis exhibited ob-
 vious sexual dimorphism (Fig. 2). In
 females the IPE was on the edge of the

 ...........

 Fig. 1. Innominate bone of a white-tailed deer showing
 incomplete ossification of sutures between the ilium, is-
 chium, and pubis (i.e., 1 year or less age group).

 acetabular branch of the pubis; the IPE
 was above the edge in males when the
 girdle was viewed in the inverted posi-
 tion. The IPE in females was usually flat-
 tened and shelflike, with a sharp edge. In
 males the IPE was a rounded protuber-
 ance. These criteria could not be reliably
 used to determine sex of pelvic girdles
 that did not demonstrate complete bone
 ossification between the ilium, ischium,
 and pubis (i.e., those in the 1 year or less
 group) because the IPE was either lack-
 ing or inconsistent.

 Using a key summarizing the criteria
 we have described (Table 1), the test
 group of biologists and students were
 able to place 100% of the pelvic girdles
 in the correct age category. Ninety-five
 percent of the sex designations by biol-
 ogists were correct; students classified
 94% correctly. The 5-6% error in our test
 can be attributed to inexperience of the
 participants and to the fact that a few pel-
 vises had marginal IPE sexual dimor-
 phism. These latter specimens were gen-
 erally from animals about 12 months old.
 The majority of the pelvises could be
 classified as to sex with complete confi-
 dence because the IPE sexual dimor-

 phism was obvious. Proficiency in deter-
 mining sex of marginal specimens was
 improved when comparisons to a refer-
 ence collection were made.
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 Fig. 2. Pelvic girdles of 1V2-year-old male (A) and female (B) white-tailed deer illustrating differences in the position
 and shape of the ilio-pectineal eminences.

 DISCUSSION

 Samples in our study were collected
 from many different deer populations
 with a variety of genetic and environ-

 mental backgrounds. The variation in the
 ages at which ossification occurred ne-
 cessitated the formation of overlapping
 age categories. Different diets of deer in

 Table 1. Criteria for sex determination of white-tailed deer pelvic girdles.

 Criteria Age group Sex

 I. Incomplete ossification between the ilium, isehium, and pubis <1 year no sexual
 (i.e., sutures visible) dimorphism

 II. Complete ossification between the ilium, ischium, and pubis >1 year sexually
 (i.e., sutures not evident) dimorphic

 A. IPE located on edge of acetabular branch of pubis when female
 girdle is in inverted position; often flattened or shelflike
 in appearance

 B. IPE located above edge of acetabular branch of pubis when male
 girdle is in inverted position; often rounded in
 appearance

 J. Wildl. Manage. 46(2):1982
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 SHORT COMMUNICATIONS 547

 the study may partially explain this vari-
 ation. Lewall and Cowan (Can. J. Zool.
 41:629-636, 1963) found differences in
 diet to have a considerable effect on long
 bone development in black-tailed deer.
 Diet may affect the development of the
 pelvis as well. Different collection and
 fawn drop dates, resulting in imprecise
 age classification of the younger speci-
 mens could also contribute to the appar-
 ent variation in pelvic ossification rates.
 This does not limit the usefulness of the

 technique. Fusion between the ilium, is-
 chium, and pubis is a measure of phys-
 iological age and is closely correlated
 with the development of the IPE sexual
 dimorphism. Therefore, exact chronolog-
 ical age is not essential.

 The ossification criterion and IPE sex

 characteristics we have described pro-
 vide a simple but accurate method for
 determining sex of white-tailed deer
 from pelvic girdles. Taber's (1956) 3 cri-

 teria for determining sex are acceptable
 for older deer if age is known, but are
 completely unreliable for deer less than
 2 years old. This new technique is inde-
 pendent of other age criteria and can be
 used to determine sex of all deer older

 than 1 year and many 1-year-old deer.
 The IPE sexual dimorphism in this

 sample of white-tailed deer probably oc-
 curs in most cervids. Before applying the
 method to other species or in a different
 region, validation tests should be per-
 formed.

 Acknowledgments.-We are grateful to
 A. W. Stockle and personnel at the South-
 eastern Cooperative Wildlife Disease
 Study Unit for their assistance in collect-
 ing the specimens and to D. L. Adams,
 T. D. Atkeson, A. S. Johnson, and W. M.
 Lentz for their technical advice.

 Received 10 September 1980.
 Accepted 29 July 1981.

 DEPLETION OF BONE MARROW FAT IN MOOSE
 AND A CORRECTION FOR DEHYDRATION

 ROLF O. PETERSON, Department of Biological Sci-
 ences, Michigan Technological University, Houghton, MI
 49931; DURWARD L. ALLEN and JAMES M. DIETZ,' De-
 partment of Forestry and Natural Resources, Purdue Uni-
 versity, West Lafayette, IN 47907.

 The dry-weight method is most com-
 monly used to determine bone marrow
 fat content as an indication of the condi-

 tion of ungulates. Neiland (1970) report-
 ed there is an inverse correlation be-

 tween water and fat content in caribou

 (Rangifer tarandus) femurs and demon-
 strated that percent fat in the marrow was
 almost identical to percent oven-dry
 weight. Verme and Holland (1973) de-

 scribed a reagent-dry method that provid-
 ed similar results. These methods are

 based on the premise that dehydration of
 the marrow prior to analysis is negligible.
 However, if considerable time has
 elapsed since death, cross sections of the
 long leg bones of moose (Alces alces)
 often contain marrow that is shrunken

 and dehydrated. Fat content in such
 specimens is overestimated when the
 dry-weight method is used. The objec-
 tive of this study was to develop an equa-
 tion that can be used to correct for an un-

 known degree of dehydration prior to
 collection. We also determined whether

 marrow fat differences existed among the
 6 major leg bones of moose.

 1 Present address: The Museum, Michigan State
 University, East Lansing, MI 48824.
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