of rejection becomes apparent much ear-
lier than 50 days (3, 5, 6).

One hypothesis to explain graft rejec-
tion among individuals of a parthe-
nogenetic clone is that mutations might
result in the loss of synthesis of specific
antigens normally present on the cell
membrane. If so, the difference would lie
in the individual rejecting the allograft
rather than the individual donating the re-
jected graft. For instance, assume that
one individual possesses three antigens

"(A, B, and C) and another only two (A
and C) because of a mutation in the B
locus that prevented the formation of B
proteins. Then the mutant individual
would recognize the B antigen from the
normal one and reject its graft, whereas
the normal one would accept grafts from
the mutant since they both shared
identical antigens. If such mutants ac-
tually exist and could be effectively de-
tected, one could determine with pre-
cision (made possible only by a system
of parthenogenetic reproduction) the nat-
ural mutation rate for one set of genetic
loci. Perhaps further refinement of the

new technique described here may even-
tually lead to an accurate determination
of these rates.

ORLANDO CUELLAR
Department of Biology,
University of Utah,
Salt Lake City 84112
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Migration Reversal: A Regular Phenomenon of Canada Geese

Abstract. Migration from a nesting to a wintering ground and back again in au-
tumn was detected each year during a 3-year study of individually identifiable Cana-
du geese (Branta canadensis). Reverse migrants were primarily yearling, nonbreeding

individuals and others of nonfamily status.

Bird migration is normally considered
as an orderly departure and return to the
same area with the changing seasons.
Flocks migrating opposite to the usual di-
rection are uncommon, and causes are
usually attributed to untoward weather
conditions (/). My study of Canada
geese (Branta canadensis) demonstrated
regular occurrence of migration to win-
tering grounds and return to the nesting
area in autumn among a small portion of
the population. Reverse migrants were
primarily I-year-old, nonbreeding indi-
viduals and others not associated with
families, which dominate goose society.

During July, August, and early Sep-
tember of 1968, 1969, and 1970, 1523
geese were captured and marked with in-
dividually identifiable plastic neck col-
lars (2) and released at a marsh on the
southeastern shore of Lake Manitoba
(50°30'N, 98°W) 96 km northwest of
Winnipeg, Manitoba, Canada. Age and
sex of geese were determined by plu-
mage and cloacal characters (3). Marked
geese were observed at the marsh for an
average of 2 days per week between 20
September and 20 November. during
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which all normal and reverse autumn mi-
grations of this flock occurred. The main
wintering site for this population was at
Rochester, Minnesota (44°N, 92°20'W),
855 km southeast of the banding site (¢).
Marked geese observed in Rochester
during autumn were recorded sporadical-
ly by me and by cooperators.

Canada geese mature sexually at 2
years of age (3). Three age classes were
identified: immatures—banded and ob-
served during the summer and autumn in
which they hatched; yearlings—1%5 years
of age; adults—more than 2% years of age.
Most yearlings were away from the marsh
at banding time at a distant molting site
(5), but they returned to their natal marsh

Table 1. Number of marked Canada geese in
relation to migration pattern.

Migration
Age
Normal Reverse
Adult 477 10 (2.1 percent)
Yearling 223 13 (5.5 percent)
Immature 866 5 (0.6 percent)

in autumn. Most observations (94.1 per-
cent) of yearlings were made in 1969
and 1970 and represent surviving geese
banded when immature the previous
year.

Twenty-eight of 1594 marked geese
(1.8 percent) identified in Manitoba dur-
ing autumn 1968, 1969, and 1970 mi-
grated to, and were seen at, Rochester,
Minnesota, and then seen again in Mani-
toba in the same autumn. The length of
stay of these geese at Rochester was im-
precisely known because of irregular ob-
servation, but different individuals re-
mained at least 2, 8, 10, 17, 42, and 61
days before returning to Manitoba. Irreg-
ular observation at Rochester also in-
dicates that there could have been other
reverse migrants that were undetected.
Reverse migrants were predominantly
yearlings (x* = 26.56; 2 d.f.; P < .001)
(Table 1). There were no differences
within any age class in the proportions of
the sexes that participated in reverse mi-
gration.

Canada geese have a complex social
organization. Goslings normally stay
with parents for the first year of life and
yearlings may rejoin parents, form pairs
or sibling groups, or be unattached (6).
Some families include goslings other
than those hatched by the adult pair, and
these associations are termed gang brood
families (7). Marked geese observed in
autumn in Manitoba were categorized as
to their social relations based on stereo-
typed displays and unity in aggression,
flying, and feeding, which indicate famil-
ial bonds (6)—as well as on repeated
observation of associations of the identi-
fiable birds of known age, sex, and histo-
ry (Table 2).

Reverse migrant adults were primarily
of unidentifiable social status and not
birds with families (x*>= 21.64; 5 d.f.;
P < .001). Single adults and even pairs
were unaggressive (6) and therefore dif-
ficult to identify as to social relations,
especially if mates were unmarked, be-
cause of the low frequency of behaviors
used to identify social positions. One
adult male participated in reverse migra-
tion in both 1969 and 1970 and was a
single in one year and of unidentified stat-
us in the other.

There was not a significant difference
among social classes of yearlings that
participated in reverse migration (x> =
3.16; S d.f.; P >.5). As with adults,
single yearlings were difficult to identify.
Even sibling groups were difficult to as-
certain when all members were not marked
and identified from observations as im-
matures. Yearlings that formed a pair
bond were usually together and none par-
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Table 2. Social status of marked Canada geese in relation to migration pattern.

Migration
Status Adult Yearling Immature
Normal Reverse Normal Reverse Normal Reverse
Family* 252 0 1 0 432 1
Gang brood family 11 2 135 0
Paired—no young 60 1 19 0
Sibling group S 0 27 3
Rejoin parents 34 2%
Single 17 1 19 2 23 1
Unknown 132 6 123 6 276 3
Total 477 10 223 13 866 5

*Includes pairs with 1-year-old (or older) young with or without immatures.

together migrated back as a group.
with a sibling.

ticipated in reverse migration. Yearlings
in sibling groups usually stayed together,
and one of these groups participated in
reverse migration. Yearlings rejoining
their parents and new young were vari-
able in behavior and not always in as-
sociation with their families; these were
probably singles when they participated
in reverse migration because their parents
were not observed with them.

Immatures in identified families did
not reverse migrate in proportion to
those unclassified as to status or those
which were singles (x> = 8.34; 3 d.f;;
P < .02). Immatures in families were fre-
quently separated temporarily from their
parents during feeding because of the
large numbers of geese crowded into a
small area where food was artificially
provided. It was during these feeding
periods that most observations of marked
birds were made and, as a result, I
was indecisive on the status of many
young.

Single geese, particularly yearlings,
are much more variable in daily roost
and feeding locations and flight patterns
than are families (6). They tend to join
in flight with geese taking off near them,
whereas adults with young maintain con-
sistent patterns. Return to previously
used areas is a major mechanism of reuni-
fication of family members. Yearlings
are also less traditional in migration pat-
terns than adults (8). The strong gregar-
ious nature of geese, coupled with the fol-
lowing behavior of yearling and non-
tamily geese, results in some interchange
with other flocks and populations and
probably accounts for the unusual but
regular occurrence of these reverse mi-
grations. Strong attachments to, and
seeking of, family members (6, 9) prob-
ably motivated their return and to the
natal marsh or autumn concentration
locality. .

Of the 28 reverse migrants, 21 re-
turned again in the same autumn to Roch-
ester, Minnesota. Of the other seven, the
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tThree siblings always

}Variable behavior—sometimes with parents, sometimes as a single or

fate of two was unknown, one was shot
in Manitoba and another in Iowa, one
was observed in Missouri, and two were
observed in Kansas. Irregular migration
behavior by yearlings and singles could
provide a major mechanism of gene flow,
even though one of small proportions, be-
tween populations as localized and tradi-
tional as Canada geese, which exhibit
marked isolationism and show geograph-
ic variation in morphology ¢, 10).
DENNIS G. RAVELING™
Canadian Wildlife Service,
Winnipeg, Manitoba, Canada R3T 2N6
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Mevalonate Metabolism: Role of Kidneys

Abstract. More than one-half of the amount of mevalonate that is metabolized by
pathways not leading to sterols is accounted for by the action of the kidneys. Con-
version of mevalonate in vivo to squalene and sterols in the kidneys is confined al-
most entirely to the proximal and distal convoluted tubules in the cortex. More sterol
than squalene is synthesized from mevalonate not only in the liver but also in the

kidney.

We have reported that mevalonate is
metabolized in the rat and man not only
for the synthesis of polyprenyl sub-
stances and sterols, but also on a path-
way not leading to sterols (/, 2). In order
to explain our observations (transfer of

Table 1. *CO, in breath of paired control and
nephrectomized rats exhaled in 2.5 hours af-
ter injection of 2 umole of RS-[5-"*C]-
mevalonate (MVA).

HCO2
. (percent of
Experi- R-MVA dose) B 100
ment —_— A
A* Bt
1 6.08 2.64 434
2 6.31 3.02 47.8
3 6.76 2.58 38.2
4 17.88 5.60 31.4
5 14.35 6.28 43.8
*Sham-operated controls; mean body weight,

284 = 14 g. +Bilaterally nephrectomized; mean
body weight, 286 * 15g.

C-2 of mevalonate to palmitate and stea-
rate, and the appearance of *CO, in the
breath of animals and man within 1 min-
ute after injection of [5-"*C]mevalonate)
we proposed a hypothetical metabolic
pathway whereby an intermediate de-
rived from mevalonate (possibly 3,3-di-
methylallyl pyrophosphate) was diverted
from the main sterol-synthesizing reac-
tion sequence via trans-3-methylglutaco-
nyl-CoA to ketone bodies and acetyl-
CoA in ketogenic organs, the liver, in-
testine, and kidneys. This metabolic
pathway was termed the ‘‘trans-meth-
ylglutaconate shunt’’ of mevalonate me-
tabolism (7).

Because of the known avid utilization
of mevalonate by the kidneys for the syn-
thesis of squalene and sterols (2-5), and
because of its known function in keto-
genesis (6), we have examined by experi-
ments in vivo the possible role of the
kidneys in this ‘‘shunt’” activity and the
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