
SOCIALITY, AGONISTIC INTERACTION, AND THE PULSE 

PHENOMENON IN THE FLIGHT BEHAVIOR OF 

FALCONIFORMES ALONG THE MAINE COAST 

by G. N. Appell, Brandéis University

Introduetlon

During the months o f September, October, and the f ir s t  week o f November 
there is a sign ificant migration o f Falooniformes along the Maine coast. 
tfe have been studying these migrations since 1965, with the exception o f 
1971.

Our observation s ite  is in Casco Bay, toward the end o f one o f the penin- 
sulas. Though we have not been able to man the station fu l l  time, we are 
there regularly each weekend and frequently a Monday or Friday as well. 
However, when we believe that a major movement o f birds is going to take 
place because o f weather patterns, we make an e ffo r t to be on the station. 
As a resixLt, the station^is manned anywhere from approximately one-third 
to one-half o f the time.

In other presentations and papers I  have described the size o f this move
ment and the influence o f weather conditions on i t .  I  have also specu- 
lated on the source o f the hawk f l ig h ts , as there has yet been no system- 
atic observations farther north o f us (Apell 1970, 1975, 1977). There- 
fore , in this a rtic lé  I  shall describe certain behavioral observations we 
have made and discuss their implications.

However, le t  me b r ie fly  indicate the size o f the migrations; since 1967 
the average number o f individuáis observad was 2,533. In 1967 we had our 
lowest count (637) and 1975 we had our largest (7,310)— see Table 1. Our 
counts have been increasing, which is  not reflectad in these averages, 
but I  shall discuss this topic shortly.

The rank order o f  species  counted, in d ic a tin g  the usage o f  the Coastal 
m igration  rou te , i s  shown in  Table 2.

In Figure 1 (see also Table 3 ), I  have plotted the seasonal pattern o f 
the migration. Along the horizontal axis are rough weekly divisions 
throughout the months o f September and October (some "weeks" inelude 
eight days in order to f i t  into the monthly d ivis ión ). On the vertica l 
axis are plotted the average count for each species over a 10-year period.

Note that the Broad-winged Hawks peak early and then drop o f f  rapidly, 
although we do get a few stragglers through in late October and even ear
ly  November. Osprey also peaks early, but drops o f f  more slowly. The 
Shaip-shinned Hawks have a rather symmetrical pattern, with the peak of 
their movements during the f i r s t  week in October.

The most interesting pattern is that o f the American Kestrel. While they 
pass through in greatest numbers during the f i r s t  week in October, there 
is a second peak during the second week in September, about three weeks 
earlie r. We do not know whether this ea rlie r peak represente a distinct
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population from somewhere farther north or wheth|r i t  repressnts d iffe r -  
ent mlgration patterns for Juveniles and adults.

TÍU.

TABLE 1

-YEAB AVERAGES OF FALCONIFORMES COUHTS, 

CASCO BAY (AUTUMN 1967-1977)*

Average Máximum Mínimum S.D.

Goshawk 2.1+ 9 ( ’ 7 6 ) 0 ('68 ,' 69 ,'7 2 ) 2.9
Sharp-shinned Hawk 1157.3 351*1+ ( ’ 7 5 ) 137 ('67) 1020.2
Cooper's Hawk 1 3 . 1* 33 ( '67) 1* ('68, ' 7 0 ) 9.1
Hnidentified
Acclplter

6 .9

Red-tailed Hawk 26.8 76 ( ' 6 7 ) 5 C68) 22.6
Red-shouldered Hawk 3 .1 10 ( •71*) 1 ( ' 7 2 , ' 7 7 ) 2 .7

Broad-winged Hawk 1*66.6 1701 ( ' 7 5 ) 61 C 6 7 ) 521+.1

Unidentifled Buteo 1*.8

Marsh Hawk 58.1* 129 { ' 7 5 ) 7 C 6 7 ) 36.0

Osprey 97.5 223 ( ' 7 3 ) 23 ('69) 61*.6

Peregrine Falcon 1*.8 ll* ( ' 7 6 ) 0 ( ' 7 2 , '7I*) 5.2
Merlin 5 2 .7 129 { '' 7 5 ) 8 C68) 1*0 .3

American Kestrel 578.6 ll*8l (''7 5 ) ll*7 ('67) 381.2
Unidentifled Falcon 1*2 .3

Unidentifled Hawk 16.8

Totals 2533.5 7310 ( ' '7 5 ) 637 ('67) 1881.2

* In 1971 the station was not manned.

Average per cent o f days on station durlng migratlon period:

In Figure 2 tsee alao Tadle 3) we. dave plotted tiie lesa freq,entljr occur- 
rlng species, uslng a d ifferen t vertica l S'cale. Note that the Red-tailed 
IlawS Is- híghljr erratic . The Merlin peaks on the same week as the Sharp- 
shinned Hawk. Both the Cooper's Hawk and the Peregrine seem to increase 
more slowly but then the peak lasts a week or two longer.

In Figxires 3 and It (see also Table i*) the trends in our hawk counts are 
plotted. A linear regression analysis shows that for a l l  hawks, except 
the Sharp-shinned, our counts are increasing at the rate o f 89 individuáis 
per year. This may represent a growth in the population o f Falconiformes, 
or I t  may indícate developing sk ills  in predicting when to be on station 
to catch a movement. I  siaspect the la tte r .
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TABLE ¿

RAMK ORDER OF SPECIES COUHTS FOR COASTAL MIGRATION 

ROUTE ( 1967- 1977)*

Sharp-shinned Hawk hh.5%
American Kestrel 25.5%
Broad-winged Hawk 18 .8?

Osprey h.0%
Marsh Hawk 2.k%
Merlin 2.2%
Red-tailed Hawk 1.3%
Cooper's Hawk .6%
Red-shouldered Hawk .2%
Peregrine Falcon .2%
Goshawk .1%
Rough-legged Hawk .1%

* Station not majined in 1971-

As fo r the Sharp-shiimed Hawk, there is clearly a trend upward in counts. 
The slope o f this lin e represents an increase o f 193 individuáis per 
year. I f  we factor out on a proportion basis the increase in counts due 
to increasing a b ility  to predict f l ig h ts , which may be causing our counts 
to  increase, we can reach the conclusión that the Sharp-shinned Hawk pop- 
ulations that migrate along the Maine coast have been increasing over the 
past 10 years at an average rate o f roughly 10 percent, or 120 individuáis 
per year.

I  have taken the counts from Hawk Mountain, Pennsylvania, fo r the same 
period, and using linear regression, I  have found that the counts of 
Sharp-shinned Hawks over the past 10 years have been increasing at an 
annual rate o f 588 individuáis or 11 percent. The closeness o f these 
two figures would seem to confirm the supposition that the Sharp-shinned 
populations are increasing.

I  want to draw attention to another interesting point that is  suggested 
by this graph. American Kestrel populations may be characterized by 
short-term fluctuations with peaks and crashes about fiv e  years apart. 
Thoiigh i t  is  much too early to reach any firm concitasions from such lim
itad data, I  did test the idea against data from Hawk Mountain; there is 
no question that there are major short-term cycles in American Kestrel 
populations. However, at Hawk Mountain, the period icity o f the cycle 
appears s ligh tly  d ifferen t: the in terval between popiilation peaks varies
from four to nine years. This cycle o f population crashes is somewhat 
obscured by the steady increase in kestrel counts at Hawk Mountain.
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TABLE H

FALCONIFORMES COUNT TRENES, CASCO BAY*

19 6 7 1968 1969 19 70 1972 19 7 3 1974 1975 19 76 1977

Goshawk 1 0 0 1 0 1 3 5 9 4

Sharp-shinned Hawk 137 2 41 368 803 640 1090 1203 3544 1708 1839

Cooper's Hawk 33 4 13 4 14 10 5 11 21 19

ünidqnt. Accipiter 22 7 16 4 2 1 5 3 6 3

Red-tailed Hawk 76 5 17 13 22 13 16 14 36 56

Red-shouldered Hawk 4 2 2 2 1 5 10 2 2 1

Broad-winged Hawk 61 936 15 8 105 124 566 295 1701 79 541

Rough-legged Hawk 0 0 0 0 0 1 1 2 3 4

Unident. Buteo 11 4 12 2 2 3 3 4 7 0

Marsh Hawk 7 38 45 54 13 66 79 129 87 66

Ospey 31 43 23 111 64 223 80 180 103 117

Peregrine Falcon 2 1 2 4 0 4 0 13 14 8

Merlin 22 8 19 52 25 54 30 129 93 95

American Kestrel 147 367 450 591 273 846 744 1481 535 352

Unident. Falcon 66 34 60 64 22 35 42 51 23 26

Unidentified Hawk 17 7 28 10 2 8 16 41 15 24

Totals 637 159 7 1213 1820 1204 2926 2532 7310 2741 3255

* Based on o b se rva tio n s  from  1967-1977 (1971 s ta t io n  n ot manned).
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Socla llty  in Migrating Faleoniformes

One of the obvious characteristics o f the Casco Bay hawk migrations is 
the formation o f groupings, both conspecific and in te rsp ec ific , as they 
pass over. We have been collecting data on these groupings in order to 
determine to  what degree there is a preference fo r soc ia lity  among the 
various hawk species.

I  tested fo r  the degree o f soc ia lity  by comparing the number o f hawks 
passing in groups o f the ir own species, or in groups associated with 
other species, to those passing singly. This gives us a measure fo r the 
preference fo r soc ia lity  (see Table 5). Please note that this figure is 
very conservative. We have not included Column B, since this might not 
indícate soc ia lity  so much as aggression or hunger. Our observational 
methodology is  also very conservative. Though this is not the place for 
an extended discussion, i t  is obvious that the hawks themselves are in a 
much better position to see other hawks and adjust the ir fl ig h t  patterns 
to them than are ground observers. We also do not yet have any but the 
most rudimentary way o f selecting for behavioral acts that indícate soci
a lity . For example, I  doubt the Peregrine Falcon data. Last ,year we saw 
a Peregrine followed within a minute by another; though I  suspect they 
were traveling in company, we entered them as two singles.

However, i t  is  worth noting that the Merlin seems to be least soc ia l, the 
Broad-wlnged Hawk most socia l, and the Sharp-shinned Hawk and American 
Kestrel in between.

In Table 6 are lis ted  the largest observad groupings o f particular species.
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TABLE 5

SOCIALITY IN MIGRATING FALCONIFORMES*

B D

Passin g as
In d iv id u á is  Pass in g  in
A sso c ia ted  Passing in  Groups P re fe ren c e

Pass in g  With Other Groups o f  W ith O ther fo r
S in g ly  S p ec ies  Own Species  Spec ies  S o c ia l i t y **

Goshavk 23 1 - - -

Sharp-shinned Hawk 6377 19 7 3837 299 39%

Cooper's Hawk l i o 10 12 2 11%

Red-tailed Hawk 206 14 46 2 19%

Red-shouldered Hawk 20 3 - -

Broad-winged Hawk 47U 24 3752 184 89%

Rough-legged Hawk 8 3 - - -

Marsh Hawk 445 29 67 6 14%

Osprey 722 29 201 4 22%

Peregrine Falcon 45 3 - - -

Merlin 448 21 32 - 7%

American Kestrel 3693 161 1691 107 33%

* Basad on ob se rva tio n s from  1967-1977 (1971 s ta t io n not manned).

** C+D
A+C+D

* * *  I  qu estion  the y a l id i t y  o f  th is  s ig h t in g  o f  seven Red-shou ldered  
Hawks in  one grou p .
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TABLE 6

SIZE OF LAHGEST GROUPING

Goshawk

Sharp-shirmed Hawk 

C ooper's  Hawk

R e d -ta ile d  Hawk 

Red-shouldered Hawk 

Broad-winged Hawk 

Rough-legged Hawk

Marsh Hawk

Osprey

1

l4l*

2

6
7*

250

1

It

i*

P e reg r in e  Falcon 

M erlin

American K es tre l

* The r e l i a b i l i t y  o f  th is  f ig u re  is  
qu es tion ah le .

The Sharp-shinned h igh o f  1*̂4 in d iv id u á is  seems ra th er  in te r e s t in g .  I  
again  note th a t the f ig u r e  fo r  Red-shoulderedHawk is  probahly u n re lia b le .

With regard  t o  in te rs p e c ie s  groups— I  r e f e r  to  the data in  Column B,
Table 5— th e most fre q u en tly  occu rrin g  ones are the Sharp-shinned— Amer
ican  K e s t r e l  combination fo llo w ed  by th e  Sharp-shinned— Broad-winged com- 
b in a t io n . The th ir d  most frequent combination is  Sharp-shinned— Marsh 
Hawk fo llo w e d  by Sharp-shinned— Osprey (s e e  Table 7 ). The Sharp-shinned 
Hawk has the h igh es t p re fe ren ce  f o r  in t e r s p e c i f ic  grou p ings , and i t  is  
fo llo w ed  by the American K e s tre l.

The Pu lse  Phenomenon

When you are on s ta t io n ,  i t  becomes q u ite  c le a r  th a t the m igra tin g  hawks 
do not come thro4ogh randomly but in  bu rsts . That i s ,  superimposed on the 
d iu m a l c y c le  are flu c tu a t io n s  o f  sm all a n ^ litu d e , which I  c a l i  pxilses. 
P e te r  Cannell (p erson a l commxmication) has made a s t a t i s t i c a l  t e s t  o f  the 
data on th ese  pu lses and has confirmad th a t the pulses are r e a l .  Further- 
more, i t  should be noted th at these pulses are not n e c e s sa r ily  con^iosed 
o f  c on sp ec if ic s  but may be in t e r s p e c i f ic .
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r
TYPES AND FREQUEBCIES OF INTERSPECIAL GROUPINGS*

Frequency 
o f  Grouping

Sharp-shinned Hawk -  American K e s tre l l62
Sharp-shinned Hawk -  Broad-winged Hawk 32
Sharp-shinned Hawk -  Marsh Hawk 21
Sharp-shinned Hawk -  Osprey 19
American K e s tre l -  M erlin  10
Sharp-shinned Hawk -  Cooper's Hawk 6
Sharp-shinned Hawk -  R e d -ta ile d  Hawk 5
Sharp-shinned Hawk -  M erlin  5
American K e s tre l -  M erlin  5
American K e s tre l -  Osprey 5
Sharp-shinned Hawk -  American K e s tre l -  Broad-winged Hawk 1+
American K e s tre l -  Broad-winged Hawk 2
Sharp-shinned Hawk -  M erlin  2
Sharp-shinned Hawk -  American K e s tre l -  Marsh Hawk 2
Cooper' s Hawk -  Réd-shouldered Hawk 2
Sharp-shinned Hawk -  Rough-legged Hawk 2
Broad-winged Hawk -  Marsh Hawk 1
Broad-winged Hawk -  Osprey 1
Broad-winged Hawk -  Cooper's Hawk 1
Broad-winged Hawk -  R ed -ta ile d  Hawk 1
Osprey -  R ed -ta ile d  Hawk 1
Osprey -  M erlin  1
Marsh Hawk -  R e d -ta ile d  Hawk 1
Sharp-shinned Hawk -  Goshawk 1
P ereg rin e  Falcon -  Sharp-shinned Hawk 1
P ereg rin e  Falcon -  M erlin  1
P ereg rin e  Falcon -  American K e s tre l 1
R e d -ta ile d  Hawk -  M erlin  1
Sharp-shinned Hawk -  Osprey -  Cooper' s Hawk 1
Sharp-shinned Hawk -  American K e s tre l -  R e d -ta ile d  Hawk 1
Sharp-shinned Hawk -  American K e s tre l -  Osprey 1
Sharp-shinned Hawk -  American K e s tre l -  M erlin  1
Sharp-shinned Hawk -  Marsh Hawk -  Broad-winged Hawk 1
Shaxp-shinned Hawk -  Osprey -  R e d -ta ile d  Hawk 1
Sharp-shinned Hawk -  Marsh Hawk -  R e d -ta ile d  Hawk 1

* Based on observations from 1967-1977 (1971 station not manned).

One o f the d iff icu ltie s  in dealing with the pulse phenomenon has been in 
depicting or mathematically describing i t , so that we can better grasp 
its  significance. In figures 5, 6 and 7 I  present examples o f the pulse 
phenomenon.

TABLE 7
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1

ko-kf
i*5-50 
50-5 5_ 
55-6o_ 

1 :00-05_ 
05-10_ 
10-15 
15- 20"  

20- 25"  
25-30 
30-35_ 
35-ítO 
¡»0-l*5_ 
í*5-50
50-55
55-60

FIGURE 5

PULSE PHENOMENON, OCTOBER 1 0 ,  19 7 7

ISS

Wind dying 
Therm alling behavior

ISS
2SS
ISS
3SS
2SS 2PF 
2SS 

lOSS 
lAK lo

ISS lAK 
lAK lo  
ISS
ISS lAK IMH

Movlng thermal to  therm al 9SS lo
1|SS lAX
líSS 2AK 2MH lo  IM 
ISS 2AK IMH

Wind springs up from SW

2SS
ISS 3AK
3SS
ISS
ISS lAK

ISS

ISS
3SS lo IM
ISS lo
ISS IMH lUF

5SS 2AK lUF
3SS

ISS 2AK IPF
Hss 2AK IM
l*ss 3AK ICH
2AK IM
ISS 2AK
ISS IM
6ss 2AK IM
2SS IM
2SS 5AK
5SS IPF

3SS
lAK IMH

lOSS
3SS lAK
6SS
2SS lAK IMH
7SS 3AK IM

S ee  F ig u r e  7 K ey. = one i n d i v i d u a l .



FIGURE 6

8:00-05
05- 10“
10-15
15-20
20-25
25-30
30-35
35-1*0
1*0-1*5
1*5-50
50-55
55-60

9:00-05
05- 10_

10-15
15- 20“
20- 25“
25- 30“
30-35
35- 1*0“
1*0-1*5_
l*5-50_
50-55
55-6o_  

10 : 00-05 
05- 10_  

10-15_ 
15- 20_  
20-25_ 
25-30_ 
30-35_ 
35-l*0_ 
1*0-1*5_ 
l*5-50__ 
50-55_ 
55-60_ 

l l : 00- 05_  
05- 10_  

10-15_ 
15- 20_ _  

20-2 5_ 
25-30_ 
30-35_ 
35-l*0_ 
1*0-1*5_
1*5-50

PULSE PHENOMENON, SEPTEMBER 19, 1976 

Suimy and hazy lo

Wind picks up

Wind dropping

Calm

Wind picks up, SSW

See Figure Y fo r Key. 

_  = One individual.
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5SSl*ss
lOSS
2SS
9SS lAK

IISS
lOSS lo
lOSS
5SS

ISS

5SS
5SS
3SS lAK
5SS
IRT
5SS lo
9SS7SS
5SS
6SS
IMH
5SS IPF
ISS lAK
5SS lAK
6SS lAK
3SS
3SS
3SS
2SS
ISS
ISS lo



PULSE PHENOMENON, SEPTEMBER 11, 1977

IRT

FIGURE T

ISS IMH lo  
2SS

7 : 15-20 
20-25_
25-30 
30-35 
35-UO 
U0-l:5 
1*5-50 
50-55 
55-60 

8:00-05 
05-10 
10-15
15-20____
20-25__
25-30 
30-35 
35-1*0 
1*0-U5 
1*5-50 
50-55 
55-60

KEY: _  = one individual.
SS = Shaxp-shinned Hawk
OH = Cooper's Hawk
RT = Red-tailed Hawk
MH = Marsh Hawk
o = Osprey
PF = Peregrine Falcon
M = Merlin
AK = American Kestrel
UF = Unidentified Falcon

NOTE: The wind was ligh t and from the Southwest. The sky was orig ina lly
overcast. However, i t  began to olear in the west with a d istinct edge o f 
clouds moving to the east. As this edge o f clouds moved over the water, 
the sun hroke through h r ill ia n t ly  on the water. Between 8:15 and 8:25 
the hawks rose from the ir roosts in trees on the edge o f the shore as the 
line o f cleeuring weather moved towards them. The movement hegan three or 
four minutes hefore the roosts were in the sun, but, i t  appeared, in 
response to the breaking through o f sunlight on the water.
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What are the causes o f the clmping o f hawks in their migratory behavior? 
We suggest the following:

1. When thermals develop, various species move towards them, work 
their way up to the top, and then peal o f f  in a loose gathering (see 
Figyre 5 10:00 to 11:00 a.m.).

2. Aggressive behavior contributes to the make-up o f pulses. For 
instance, I  have the observation o f Sharp-shinned Hawks moving toward a 
Red-tailed Hawk to harass i t ,  and then move on together past the obser
vation station.

3. Pulses also arise through fraternization; a hawk sees another 
pass by and Joins i t .

U. An increase in wind speed seems to stimulate the hawks to rise 
out o f their roosts and move (see Figure 6 9:00 and 10:00 a.m.).

5. Weather conditions may be conducive to migration in one región 
but not in another. Once a group starts moving, i t  continúes as a group, 
or as a pulse, through the next región.

6. A change in sunlight can trigger a movement (see Figure 7).

7. Wind patterns may produce a pile-up o f hawks, as for exan^ile, 
at the crest o f a wind wave rising over a high point.

Agonistic Behavior

We have also been making observations o f agonistic behavior. By this I 
re fer to combativa behavior, in some instances showing the quality o f a 
contest, rather than outrlght naked aggression, although this is at times 
involved. Agonistic behavior also ineludes what is termed harassment. 
From a sample o f U56 observations (see Table 8 ), I  have con^ared the spe
cies rates of agonistic behavior (see Table 9).

The Merlin in itia ted  agonistic behavior the most frequently, while the 
Broad-winged Hawk is the least aggressive. Note that certaln species— 
the Merlin, Sharp-shinned Hawk, and Peregrine Falcon—have in itia tlon  
rates o f agonistic acts that are sign ifican tly higher than the proportion 
o f their species to a l l  migrating species together. There are also cer
taln species which have a sign ifican tly  lower rate o f in itia tlon  o f ago
n istic  acts, such as Osprey and Broad-winged Hawk.
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RATES OF AGONISTIC BEHAVIOR

TABLE 9

Merlin

Shgrp-shinned Hawk. 

Peregrine Falcon 

American Kestrel 

Marsh Hawk 

Cooper's Hawk 

Red-tailed Hawk 

Osprey

Broad-winged Hawk

Rates o f In itia tion  
(per thousand)

62.3

28.1 

17 . 2*

10.2

6 . 2

5.9

2.9

1.8
.6

Prohahility that Proportion o f 
Agonistic Acts S ign ificantly**

Higher

<.001

<.001

<.001

Lower

.03

.Olt 

<.001 

<. 001

* Sample very small.
** The question posed: Is the proportion o f a species in itia tion  sig-

n ig ifican tly  d ifferen t from the proportion o f that species migrating 
to a l l  species migrating?

In Tahle 10 I  show rates fo r targets o f harassment; that is  rates o f re- 
ceiving acts o f agonistic behavior. Note that the Red-tailed Hawk is  
attacked sign ifican tly more frequently than a l l  other hawks. The Broad- 
winged receives a sign ifican tly lower rate o f harassment than one would 
expect, considering the larger proportion o f this species migrating. I  
believe that these two significant rates are related to flig h t  behavior. 
The Broad-winged Hawk frequently moves through at great heights, making 
i t  a less available ta rge t, while the Red-tailed Hawk moves closer to the 
ground, intruding into the temporary te rr ito r ie s  that hawks may have taken 
up during a pause in their migrating movements.

I  have also asked the question as to whether the various species o f hawks 
have a preference in their agonistic behavior fo r other species (see Table 
1 1 ). Note that the Sharp-shinned Hawk prefers the Red-tailed Hawk, as 
does the American Kestrel. The Sharp-shinned Hawk also prefers the Broad- 
winged Hawk and has a tendency, on the edge o f sign ificance, to attack 
other Sharp-shinned Hawks. The preference o f the Merlin for the Peregrine 
is based on too small a sample to be beyond suspicion.
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TABLE 10

TARGETS OF HARASSMEHTS

Harassed Bates 
(per thousand)

Probability that Proportion o f 
Beíng Harassed S ign lflcantly**

Hlgher Lower

Red-tailed Hawk 71.6 <.001

Peregrine Falcon 34.5*

Marsh Hawk 26.2

Merlin 20.2

Sharp-shinned Hawk 18.8 .02

Osprey 16.5

American Kestrel 14.6

Broad-winged Hawk 10.9 <.001

* Sample very small.
** The guestion posed: Is the proportion o f a species heing harassed to

a l l  acts o f harassment sign ifican tly  d lfferen t from the proportion o f 
that species migráting to a l l  species migrating.

Notes

1. The station is  usuallj' manned ty me, my w ife , Laura W. R. Appell, and 
nsy three daughters, Laura Parker, Amity, and Charity, who devote their 
weekends to observing and recording. During this past year the sta
tion  vas manned by Peter Cannell, when we were not able to be there, 
6uid he joined us for much o f the other observing time as well.

2. B i l l  Clark, Raptor Information Center (personal communicatión),  points 
out that the second peak o f the American Kestrel migration would tend 
to coincide with the movement o f adults throijgh Cape May shortly 
thereafterwards. The earlie r peak probably indicates a movement o f 
immature American Kestrels.
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TEST FOR SIGNIFICANCE OF AGONISTIC PREFERENCE BY SPECIES

TABLE 1 1

In ltlations

Sharp-shlnned Havk American Kestrel Merlln

Target

Sharp-shlnned Hawk 

American Kestrel 

Broad-wlnged Hawk 

Red-talled Hawk 

Osprey 

Marsh Hawk 

Merlln

Peregrine Falcon

(+) .05

(- ) .003 (- ) .029

(+) .001 (+) .001

(+) .01

(+) .001

NOTE: (+ ) Indícales that the proportlon o f the target specles selected
for hetrassment to a l l  acts o f aggresslon Is hlgher than the pro
portlon o f the target specles to a l l  specles mlgratlng.

( - )  Indícales that the proportlon o f the target specles selected 
fo r harassment to a l l  acts o f aggresslon Is less than the pro
portlon o f the target specles to a l l  specles mlgratlng. The 
stemdard error o f proportlons fo r specles by specles harassment 
were computed to determine whether any specles s lgn lflcan tly  pre- 
ferred any other specles or s lgn lflcan tly  avolded any other spe
cles fo r harassment. The probablllty o f thls dlstrlbutlon o f 
acts o f harassment are computed from data In Table U.
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