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Abstract
Numbers o{ densely stained l;nes in maodibles of morc'thao 95 percent of marked Belding's ground
sqt:ntek lslernarhhs beltlingi) corresponded wirh their known ages or known minimum asc,s;
seemingly, one nerv line was formed each year, and evidence of rcsorption of lines $,'as absent. Mcan
litter sizes, bascd on counts of cmbryos or pigmcntcd sites of jmplantarion, for 271 females collected
in 1975 and 1976 on the Oregon State University llarris llanch, Grant County, Oregon, and ill
{cmalc-s obtained from hunters duting the same year on the adjacent Izee Ranch, increased with age in
five of six samples. Mean liner sizes were significantly lalger among 2-year-oid squirrels than among
1'year-olds in {ive of six samplcs bLrt were not significantly larger than among l-year-olds in three
of five samples. Btrause few squirrels had three densely stained lines and none had four or more,
and becausc diffcrenccs in mcan litter sizes betrveen sec.ond'cohort and older breeders were fre-
quently not significant, estimares of natality for squirrels on off study arcas, bascd only on year-
ling and o,lcler age categories (comnron ifl earlicr studies), would not be gfeatly rn error.

In l roducl ion

Although natality io Belding's glouod squirrels was esrimated by several iovestigators
(Grinnel and Dixoo 1919, Balley L936, Howell 1938, McKeever 1964,'fvner 1972,
Sauer 1976), none ciassified ages of maternal females more precisely thao to yearlirg
and older categories. However, a relarionship benveeo maternal age and litre! size
s'as reported among several sciurid rodents (Slade and Balph 1974, Nixon and Mc-
Clain 1975) and other mamn.rals (Nalbandov 1976). Morton and Gallup (i975)
repofted that fenale S. belclingi 2 or more years old produced significantly more off-
spring thar yearling females, bur they did flor separare the older squirrels into year
classes. Because Sherman (1977) reported wild aduh S, beldingi females in 2- to 8-
year age classes, $/e believed that investigation of age-spcific natality in a population
of the species was warraoted.

In eadier studies, division of the adult cohort into year classes seemingly was pos-
sible only by repeatedly livettapping, over a period of years, individuals marked as
juveniles ( Morton and Parmer 1975, Morton aod Gallup 1975). Klevezal' and Kleinerr-
bery (.7)61) reported that lines in periosteal bone rhat stained more darkly than sur-
rounding bone was formed annually in numerous, but not all, species of mammals;
they referred to these lines as "adhesioo lines." MiLlar and Zwickel (1972), Sutlins
et dl. (1976), and Frylestam and von Schantz (1977) found adhesion lines useful
in estimating ages of several lagon.rorphs; Livezey aod Verts (1979) fouod a relation-
ship between numbers of adhesion lines aod ages determined by other crireria in geo-
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myids. To our knowledge, determioatioo of age by counts of densely stained lines in

bones of sciurid rodents io rhe we$ern hemisphere was not attempted previously. If
appticable, the technique would permit more precise esdmates of natality in S. beklingi,
a species of coosiderable ecooornic importance (Sullins and Verts 1978).

Methods
During April-Juoe 1975 anrl April-May 1976, 105 and 168 female Beldiog's ground

squirrels were collected on the Oregol State University Harris Ranch (elevation:

1700 m) approximately 63 km southwest oI John Day, Glant Coulty, Oregon, re-
spectively. In addition, 158 and 153 female squittels were obtained from hunters who
pafticipared in an annual ground squirrel shoot on the adjacent Izee Ranch on 30
May 1975 and 1976, respectively.

The uterus of each squirrel was excised and examioed for developing embryos aod
pigmented sites of implantatioo; viable and resorbing embryos were recorded separately.
Mandibles were lemoved, defleshed, and air dried. In the laboratory, mardibles srere
decalcified in 5 percent niuic acid fot 12 hours, or until flexible, and riosed for 12
hours in running water. A segrnem from each mandible anteriot to the molariform ros/
was removed and cross'sectionecl at 20-21 p. on a freezing microtome. Several sections
from each mandible were moulted on slides with Mayer's albumen, stained with
Papanicoloau (Harris) hematoxylin, and examined under a microscope for darkly
stained lines. Numbers of darklv stained lines were recorded.

To determioe if numbers of darkly stained lines were reiated to age, mandibles
from 49 Belding's ground squirrels livetrapped, classified as young'of-the-year or older,
marked, and released on the Harris Ralch in 1975 were collected in 1975. In addition,
mandibles from 23 squirels judged young-of-the-year oo the basis of size aod s/eight
(Turner 1!72) s'ere collected io 1976. Mandibles \\'ete Prepared and examined as
described earlier; we expected those judged young"of-the-year to have no darkly stained
lines, those marked as young-of-the-year aod examioed as yearlings to have one stained
line, and those marked as older than young-of-rhe-year in 197, to have two ot more
lines.

Student's I rest or analysis of variance was used to ascertain the probability that
oumbers of embryos or implantation sites per female between age ciasses were sig-
nificantly differeot depending on whether t\\.o or mofe than two age cohorts of females
occurred io samples. In instances that analysis of variance i[dicared P (0.05, Fisher's
protected least significant difference test was used !o asceltain rvhich mean rates were
signif icantly dif ferent.

Results and Discussion

Among the 23 young-of-the-year ground squirrels collected in 1976, all possessed man-
dibles wirhout stained lines; amoog those matked in 1975 and collected h 1976,2O
(95.2 perceot) of 21 yearlings had one line ai.d 27 (.96.4 percent) of 28 older
squirrels had two or more lioes. Appatently, ooe line rvas formed each year in ,t.
beldingi.; to squirrel exhibited evidence of resorbing adhesion lioes.

Absence of staioed lines in mandibies of 18 adult grouod squirrels coilected on
the Harris Ranch in 1975 and 1976 (Table 1) seemed inconsistent with this conclu-

Natality in Belding's (irouncl Sqr-rirrels 211



TABLE 1 Numbers oi ndult tom:1lc Belaling's sround squirrels wjth 0, 1, 2, and I ailhesion lines in
thcir mudibles ir each colleciion, 1? April-z0 June 19?5 and 7 Aprjl-31 XIay 19?6,
Harris ltanch, crant Counly. Oreson.

te{r D{y anal Monih ( N )

Number ol adhosion lines

1 ! 7 5  1 7  A p r i l
:1 Ap. iL

iJ }Iar/
10 nhy
20 Juno

1l i6 7 Ardl

26 -A.!ril
2 n'Iay

11 Mty
18 May
, 1 ]{:L,v

2u
21
1 9
1 6
2 5

2 4

2',i
2 8
2 1
2 5

5
8
7
5
8

! 2
1 0

l 4
8

1 5

t 0
t 1
t 0
1 1
f i

6
1 2
1 4
1 1
1 5
1 0

E

8
2
1

6
1 1

2
5
2
2

sion. These adults were collected bef<.re juveniles emerged Jrom natal dens; heoce,
they w€fe known to be at least 1 year old. Because similar disctepancies wele not noticd
among collections of squirrels made later in the seasoo dutiog both years (Table 1),
we suggest rhat deposition of bone tissue sufficient to distinguish darkly stained lines
from the stained ourc! sulfaces of rhe mandibles had not occuted in these squirrels,
a supposition consistent with those of Klevezal' and Kleinenberg (1967). Seasorul
differences io propottions of female squirels without discernible stained lioes in their
maodibles (Table 1) possibly were related to differences in phenology between 1975
and 1976 (Costaio 1p78). Because 17 (94.4 percent ) of 18 squirels without stained
lines were nulliparous whereas only 17 (6.7 percent ) of 255 with lines were nulliparous,
we suspect that females without lines were collected shortly after they emerged from
dormancy and before their firsr esrrus, or possibly some were late-bo,rn young of the
previous year that did not breed as yearlings.

\7e believe that the stroog relarionship beween numbers of darkly staioed lioes
in rnandibles of ground squirels and numbers expected oo the basis of their known
ages or knowo minimum ages, aod evidence that individuals whose darkly $ained lires
were oot discernible *'ere assignable to the 1-year adult cohort, is justification for
separating samples of Beldin's ground squirrels ioto age classes by the periosteal zooation
techoique.

T-^.BT,D 2. Numbers ol imllrntation si.les (i1S.E., inr parnusr BFtdinss sr.unit squirrets wiur 0,
1, 2, and 3 adhesion ljnes in Deriosteal zones ot thoir manilibles, Tzee Ranch, crant
Couniy,  Oreson, i lo  Mny 19i5 and 19?6.

l i n€s  (N)

1 9  7 5

!'ifa.les IniDtanlaitm
exahined siles

(N) (-as.D.).

1 9  7 6

!6lles Inptaniatt.m
examined siles

(N)  ( .1s .D. ) ,

0
E2
6 6

, 1 -

5 1

1
2

6.010.2
6 . 6 = 0 . 2 i
8 . 0 d

6,440.2
?.1i0.2

1 0 . 3

iln 1l?5, selcn lemales \silh one adhesion line were nulliparous; in 19?6, i*'o \a.ith on€ dhesion tine

lxreans *ithin a colle.iion anal in ihe same column lolloweal by the same teiier $'are not sjFniticd y
. l i i i e ren l  (p  >  0 .05  ) .
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Ixcept for third-cohort pregoaot females on rhe Harris Ranch in 1976, meao litter
sizes based on counts of viable embryos and implantation sites increased with maternal
age (Tables 2 and 3); analysis o{ variance indicated dif{erences q,ithin collections
were significaot (P < 0.05), except those for pregnant females obtained on the HaJris
Ranch in 1975 ( Table 3). Seemingly. differeqces in mean numbers of embryos or
implaotadon sites betu'een first- and second-cohort breeders were responsible for sig_
oificant differences within collectioos; in only two of five instances v/ere merur num-
bers of embryos or impiantation sites significantly different between second_ and third-
cohorr breeders (Tables 2 aod 3).

Because numbers of Belding's ground squirrels in cohorts with more lhan two
adhesioo lines were low, and because differences in litter sizes between second-cohort
and older breeders frequently were not significant, we believe thar estimares of nataliw
for squirrels on our sftrdy areas based on ooly two age categories (yearlings and older
squirels) would not be greatly in error.

Although Sherman (1977) did nor report the proportion of the 1135 S. beLlinsi
that he marked that wele in each sex and age class, Ee suspecr that rhe number of
females older than 3 years was relaciveJy small. However, rhe relarive infrequency o(
ground squirrels with three adhesion lines and the absence of squirrels with four qr
more lines ( Tables 2 and 3) suggesced rhrr che dynamics of popularions of Belding,s
ground squirrels on our study areas were somewhat different from those in California
that Sherman (1977) srudied. Ve speculate rhar reducioo of numbes of sround
squirrcls by !ou!i[e conffol programs (Sullins arrd Ver$ 1979) or the annual lround
squirrei shoor truncated age distril.rutioos of squirrels oo o{u study arcas.
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