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ABSTRACT

An attempt was made, to induce Zugunruhe in wintering 
White-crowned Sparrows by injecting them with various doses . 
of prolactin. The nocturnal activity of these birds was 
compared to that demonstrated by sham-injected control birds 
by using test cages which recorded directional activity in 
the form of inked "footprints" on a funnel-shaped paper cage 
liner, a technique developed by Emlen and Emlen (1966). The 
footprint records were converted to numerical data and ana
lyzed statistically, to discover whether or not prolactin- 
induced nocturnal restlessness was also compass-oriented. 
This analysis showed that; 1) although as_ a group those
birds injected with the same dose of prolactin showed no

x  - ’ -directional preferences, compass-orientation could be seen
in the nightly activity records of individual birds; 2) pro
lactin-injected birds showed significantly more nocturnal 
restlessness than controls; and 3) environmental factors had 
a profound influence on nocturnal activity and caused sig
nificant amounts of variation from night to night.

Seventy-three birds were collected the following 
year and tested in the same activity cages without injec
tions. Unlike the untreated birds of the previous year, an 
unusually large number of these birds (67 of 73) were quite
active nocturnally in mid-winter.

- .■ " vi- , . .



INTRODUCTION

A high level of nocturnal locomotor activity 
(Zugunruhe) has been used repeatedly by investigators as 
an indicator of migratory state (Earner, 1960; King and 
Earner, 1963; Meier, Earner, and King, 1965; Mewaldt,
Morton, and Brown, 1964; Mewaldt and Rose, 1960). Mewaldt 
et al. (1964) found that in normal captive White-crowned 
Sparrows this nocturnal activity was also oriented. Using 
standard activity cages with perch-microswitch assemblies, 
Meier et al. (1965) measured increases in locomotor activity 
in White-crowned Sparrows following administrations of 
prolactin. Their data strongly support the idea that pro
lactin works synergistically with ACTH to cause migratory 
activity in these birds. However, their sample sizes were 
small, and their data did not reveal whether this activity 
was oriented. I performed the following experiment to 
investigate the effect of exogenous prolactin on larger 
numbers of birds and also to determine whether or not pro
lactin induces increased nocturnal locomotor activity 
which is also compass-oriented.
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MATERIALS AND METHODS

Three groups of wintering White-crowned Sparrows, 
Zonotrichia leucophrys gambelii, were collected in mist 
nets along the Santa Cruz River north of Tucson. They 
were maintained outdoors in small cages exposed to natural 
conditions of temperature and photoperiod. . They were fed 
a mixture of finch mix and chick starter mash ad libitum.
The three groups, totalling 7 0 birds, were tested separately 
in January, February, and March. Those tested 11-26 January 
were collected 19 November, those tested 11-25 February were 
collected 20-26 January, and those tested 28 February-13 
.March were collected 11 February. Birds were maintained 
first in large outdoor aviaries and then in small cages 
for several days before testing. They were weighed in
itially and every morning during the test period.

Prolactin solutions were prepared using isotonic 
saline and Armour LTH-30 (January birds) and pure NIH-P-S-7 
ovine prolactin (February and March birds). Birds were 
treated daily between 11 AM and 2:30 PM (depending on the 
test group) with subcutaneous or intramuscular injections 
along the keel.

. The 22 birds tested in January were divided into 
three groups: eight received daily injections of 30^g of

. 2 ' '



prolactin, eight received 3 00^g, and six control birds 
received sham injections of isotonic saline. Only one- 
half of the birds in each test group were tested each 
night, so that each individual was tested on alternate 
nights. In all groups activity tests were begun the first 
day of hormone administration.

The 24 birds tested in February were divided into
three treatment groups: 25/>g of prolactin daily (eight: ' ' ■ ■
birds), 250^g daily (eight birds), and isotonic saline 
(eight birds). All 24 birds were tested every night 
starting 11 February. Midway through the experiment (2 0 
February) treatments were reversed, so that the 16 in
dividuals treated with prolactin began daily injections 
of isotonic saline and the eight controls began daily in-■ 
jections of 25^g of prolactin.

The third group of birds (March) was also divided 
into three hormone treatment groups: 25y,g (eight birds) ,
2. 5y>g (eight birds), and saline (eight control birds) .
These treatments were maintained throughout the ten testing^ 
days. . Birds were not tested on 7, 8, 9, and 11 March be
cause of adverse weather conditions.

Birds were tested in individual cages of a type 
similar to that used by Emlen and Emlen (1966) to test 
for compass orientation in caged nocturnal migrants.
These test cages (Fig. 1) consisted of roofing-paper
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Figure 1. Cages Used to Measure Zugunruhe.
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funnels (14 inches in diameter and 8 inches in depth) which 
were lined with blank newsprint and inserted, large end 
up, through holes in a 4-- by .8-foot piece of plywood. Each 
funnel had an open bottom 4 inches in diameter to which a 
tray was held tightly by a rubber band. The bottom of the 
tray was covered with a sponge saturated with black tempera 
paint. The top of the cage was formed by covering the • 
funnel with one-half"inch hardware cloth.

Each night at the end of civil twilight each bird 
was slipped into a cage through the bottom by stretching 
the rubber band and moving the bottom tray aside. As a 
bird was released, it flew up and the tray was replaced.
The bird was then left standing on the wet sponge, looking 
up past the blank funnel-shaped cage wall at the night sky. 
Some birds stood quietly and soon went to sleep for the 
night; others continued to jump against the walls of the 
cage, marking the paper with black paint from their feet. 
Any consistent directional preference showed up, because 
each jump had to be made from the bottom (the center) of 
the cage. Each morning before sunrise the birds were re
moved from their test cages, weighed, and returned to their 
home cages in the aviary. The "footprints" on the news
print cage liners indicated how active each bird was and 
in which direction its activity was oriented. Each night 
test cages were chosen at random for each bird. This
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prevented birds from using, "cues" in the test cage to 
orient their activity.

These nightly activity records (Fig. 2) were con
verted to quantitative data using Emlen’s technique (1966): 
each circular paper liner was divided into sectors cor
responding to different compass directions. A number from 
zero to nine was assigned to each sector using a "key" made 
of 10 footprint patterns representing 10 degrees of ac
tivity ranging from the blank pattern made by an inactive 
bird to the all-black pattern left by a highly active bird. 
In this way each bird's nightly activity was converted to a 
series of eight numerical values, each value representing 
locomotor activity in a particular compass direction.
These values are referred to in terms of "activity units." 
This way a single nightly activity record would be repre
sented by the mean of the number of activity units in each 
of the eight directions (0. units for an inactive bird, and 
9 units for a bird maximally active in all directions). 
These data were analyzed statistically using the University 
of Arizona's computer.

I encountered one problem in using the footprint 
technique, that of standardizing the density of the paint 
in each pan. Low relative humidity tended to condense the 
paint and cause footprints to be darker, while rain diluted 
the paint. This often made it difficult to compare records



Figure 2. Two Typical Nightly Activity Records



from different nights and made analysis with a photometer 
impossible.

In order to investigate the effects of prolactin 
injections in the early winter, I netted more birds in 
October of the following winter. These came from the same 
Santa Cruz River valley wintering grounds. Without in
jecting these birds, I, tested them for Zugunruhe on 10-11 
November and.24-31 December of 1967. I collected three 
other groups of birds in January and February in the same 
locality. Again without administering prolactin, I tested 
birds' nocturnal activity at various times during the 
winter (15-25 January, 31 January-5 February> and 12-16 
February). I began testing the last two groups the day 
they were captured.



RESULTS AND DISCUSSION

The effects of the prolactin injections could be 
seen clearly in the birds' nightly activity records (Fig. 
3). In January the 3 0^g birds were twice as active as the 
control birds; those receiving 300^g daily were five times 
as active as the controls. As treatment continued, more 
individuals became active, Four of the 16 prolactin- 
injected birds were active on Night 1; 13 of these 16 
birds were active on Night 16 of testing.

When doses were reversed in February, a carry
over effect seemed apparent in the birds which had been 
already injected with prolactin; these birds continued 
their activity after their daily prolactin injections' 
were replaced by saline injections. On the other hand, 
the activity of the eight control birds increased greatly 
after they began receiving daily doses of prolactin (Figs. 
3 and 4). This confirms the results of Meier et al,
(1965).

Activity varied greatly in magnitude and direction
' ' \

from night to night. The nightly variation in magnitude 
may reflect variations in several key environmental param
eters , such as cloud cover, air temperature, and fullness • 
of the moon. Extensive cloud cover on 22 January and on

. 9



Figure 3, Mean Activity, of White-crowned Sparrows Re
ceiving Di^ierent Poses or Prolactin.
Three groups of birds were tested in January, 
February, and March. Mean activity for each 
group is derived from the mean of all nightly 
activity records of that group. Each nightly 
activity record, in turn, is represented by 
the mean of the activity units in each of the 
compass sectors. Activity units are the values 
ranging from 0 to 9 which were assigned to each 
compass sector of each nightly record.
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definition of activity units see Fig. 2.



12
13 February was accompanied.by a depression of activity 
(Figs. 4 and 5), and a rise in minimum air temperatures on 
21-22 January was followed by a rise in activity in all 
three hormone.groups (Fig. 5). The progressive increase 
in overall activity in January might be a response to the 
increase in fullness of the moon. This may also have been 
the case in the February controls (Fig. 4). When it rained 
4 March,/ activity dropped steeply and remained depressed 
the two following nights (Fig. 6), probably because of 
the birds’ general ill health (three died).

Nightly activity varied in direction also. Al
though individual nightly records usually showed some 
directional preference, this was nearly always inconsistent 
from night to night and from bird to bird. Nor were there 
obvious directional preferences shown on any particular 
night by all the birds as a group. In general, the ac
tivity records of the more active birds were more distinctly 
oriented.

In order to determine more objectively which factors 
caused the variation in the birds' nightly activity, I sub
jected the data to various statistical tests. An analysis 
of variance with a three-factor design (Simpson,. Roe, and 
Lewontin, 1960) showed that differences in activity resulted 
from 1) differences in hormone treatment and 2) the night 
the bird was tested (which represents such environmental



Figure 5 Nightly Variation in Mean 'Nocturnal Activity .in 
White-crowned Sparrows. Receiving Three Different 
Hormone Treatments - January.
For definition of activity units see Fig. 2.
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Figure 6 Nightly Variation in Mean Nocturnal Activity in 
White-crowned Sparrows Receiving Three Different 
Hormone Treatments - March.
Birds were not. tested 7, 8, 9, and 11 March.
For definition of activity units see Fig. 2.
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variables as temperaturer cloud cover, and moonlight). Ac
tivity of each hormone group differed significantly from the 
other hormone groups (P ^ .01 for all three groups). Simi
larly, activity on different nights was significantly dif
ferent (P^ .01). However, activity in each of the compass 
directions did not differ significantly. That is, the birds 
showed no directional preferences-.

The significance of the first two factors (hormone 
treatment and environmental variation) supports - the find
ings of previous investigators. Meier et al. (1965) showed 
that prolactin injections increased activity in White- 
crowned Sparrows. Hamilton (1962) and Weise (1956) demon
strated relationships between ambient temperature and noc
turnal activity. Emlen (1967) and Hamilton (1962) noted a 
phototactic response on moonlit nights, Hamilton (1962) 
also noted that activity on overcast nights was often 
either randomly oriented or very much reduced.

The non-significance of the third factor, direction, 
is somewhat surprising, since Zugunruhe in White-crowned 
Sparrows is generally oriented (Mewaldt et aJL. , 1964) .
There are several possible explanations for.the absence of 
overall directional trends in the data: 1) Prolactin has
nothing to do with migration.. 2) Prolactin does induce a 
simulated migratory activity, but activity and orientation 
develop as two separate components of the migratory
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condition, the latter, component requiring more time to de
velop (Mewaldt et al. ,, 1964). 3) Orientation was present,
but it occurred in two different directions. Nightly 
records such as this were common; quite often a footprint 
record would have two aggregations of footprints on opposite 
sides of the paper. In the statistical analysis these 
would each have cancelled the other's significance. Hamil
ton (1962) described similar "ambivalent behavior" in the 
nocturnal activity patterns of Bobolinks. 4) A certain 
amount of bias emphasizing non-direction is introduced by 

' the method of quantification, since there is a point beyond 
which different degrees of activity cannot be distinguished. 
This point is that at which the test paper liner is en
tirely blackened (given a value of 9 units). The greater 
the orientation of a very active bird, the greater is the 
likelihood that its activity record will show a completely 
blackened portion. This portion of the paper liner may 
have received paint from enough footprints to blacken it 
twice or even three times, but this will not be detectable, 
and will therefore be given a value of only 9 units. 5) An
other explanation for the confusion in orientation may be 
that the mid-winter sky did not have the necessary "cues" 
for direction finding that are present in spring,

Although they fluctuated somewhat, body weights re
mained essentially the same throughout the test- period in
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January. In February however, there, was an increase in 
body weight in many birds (19 of 23} the last four days of 
testing. Meier and Farner (1964) demonstrated such a weight 
increase following prolactin injections in Zonotrichia 
leucophrys gambolii.

At the end of each test period, birds were sacri
ficed and sexed. Gonads of birds from each hormone group 
were not noticeably different in size. Activity level did 
not seem to be correlated with sex.

The activity level of uninjected birds rose from
January to February to March (Figs. 3 and 7). In January

* ' " ' of 1967 only 21% of the activity records of the control
birds showed,activity; in March 75% of the records indicated
activity of control birds. This may reflect the presence
of increasing levels of endogenous prolactin in these birds.
There was also considerably more randomly directed activity
in March than in January or in February.

The second year's data were quite surprising. In 
all, I tested 73 individuals on 23 different nights in 
December, January and February of the second winter. These 
tests totalled 229 bird-nights; 61% of the nightly records 
from these tests showed definite activity (Fig. 7). The 
nightly activity patterns often resembled the oriented 
records from the previous year, but many showed high levels 
of activity without orientation.
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Such high levels of nocturnal activity in wintering 

birds seems surprising„ Such activity in October might be 
explained by assuming it. to be a remnant of the normal 
Zug'Unruhe which brought the birds to their wintering 
grounds. But definite nocturnal activity in the middle 
of winter is difficult to explain.

I investigated my experimental set-up to find any 
possible explanations for this heightened activity, but 1 
found nothing different from the previous year, when'unin
jected control birds had been inactive. Birds were netted 
from the same locality, kept in the same cages in the same 
aviary, fed essentially the same food, and treated the same 
way as the birds tested the previous winter. The only ob
vious differences were; 1) they received no injections and 
2) in some cases they were tested the day of capture, with
out allowing them the few days for acclimation that the 
first three test groups had had. But the latter difference 
does not explain the increased activity observed in birds 
tested the second winter, since two groups of these birds 
were tested the day they were collected, and these did 
show activity.

Another explanation which might be proposed is that 
the birds were responding to an unnaturally long photo
period. However, an alteration in the natural photoperiod
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could not have had time to cause the increased activity 
observed in birds, tested the day of capture. "

An "unknown" which should be considered when com
paring birds captured two different years is the prior 
experience each received in the months before they were 
netted and tested. Birds migrating the fall of 1967 were 
undoubtedly exposed to different situations than those 
migrating the following fall. These differences ma'y or may 
not have influenced the responses of the test birds.

Interpretation of these results would be incomplete 
without considering what is not known about the hormonal 
control of migration. We do not know the proper physio
logical dosages of prolactin. Meier and Earner (1964) 
suggest 200^g as the minimum daily dose effective in in
creasing body weight; I found that caused a significant
increase in nocturnal activity in February. We do not fully 
understand the species-specificity of this hormone and how 
ovine and avian prolactin compare in their effects on migra
tory behavior.



CONCLUSIONS

The "footprint" technique provides data which cannot 
be quantified as accurately as that obtained from perch- 
microswitch and event recorder systems. However, this 
technique makes it economically feasible to test large 
numbers of birds for magnitude and orientation of activity.

Prolactin injections clearly increased nocturnal 
locomotor activity. This varied considerably in both mag
nitude and direction. Nightly variation could be correlated 
with such environmental factors as temperature increases, 
fullness of the moon, and overcast sky..

Prolactin injections did not cause consistent com
pass orientation, although individual nightly activity 
records frequently showed directional preferences. This 
may indicate that Zugunruhe and orientation are two separate 
:components of migratory readiness, and that the orienta
tional component takes longer to develop than the duration 
of these experiments. That individual nightly records were 
so often oriented would support this hypothesis.

Activity records of birds captured and tested 
during the second winter showed high levels of nocturnal 
activity, although they received no prolactin injections. 
Their activity was sometimes directionally oriented and

21
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sometimes not. This was unexplained, since these birds 
were treated in essentially the same manner as those 
tested the previous winter.

These studies suggest that nocturnal locomotor ac
tivity in White-crowned Sparrows is subject to variation 
due to several environmental factors, at least one of which 
was never isolated (i.e., whatever caused the untreated 
birds to be active).. These facts suggest that nocturnal 
activity as an indicator of the migratory condition should 
be used with extreme caution. All effort should be made 
to test birds only on clear, moonless nights, and tempera
tures should be recorded carefully. Tests should include 
•substantial numbers of control birds.
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