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i<y make people understahnc in = WAV,
bul cannct make them share tne Joye,
2zt 1s, 1 believe, ”ovaboc our lrue

motives are entirely irrational.
-Niko Tinbergen, discussing field
research in The Herring Gull's world

PURPCOSE
The main purnosé of 'this entire project is for'mé to. e

T CiTTYy out a blologlcal field ,study from beginning to end. This
includes planning and logistics, backgrcund research, field

research, data analysis, and presentation ¢ my resylte, both

.,

to the scientific cemmunity and tc more general audiences. “he
puTDose 0 the field research itself was 1o l=2zrr more o

b
mi;ratory tehavior in hawks, and to try to arviy what I cc
lezrrn. from literature on the subject to what 1 coulc see in
the fipld. kiso, by going through the process of data anzlyesis
mySelf, I heped to gain a beiter%unoaw"tancwna of the acthfl
meani@g ‘ ct the'presentation of data in varicus papers.
The habitar chosen (a barren offshore-islznd) to carry
cul tnis Study in was very different fron those tyrlcally used
in studies of hawk migration. An e: Ior+ was made toc comuere tre
mizratior in this naDJtat tc that in others. This habita
vielded btotn different proportions of tne various Species
invelvee nnd a different aspect.of migratory behavior.
| ~ LOGTSTICS |
'Matinicﬁs kock nas a U.S. Coast Guard Light Station on
"it. Thus it was necessary to gét the Coast Guard's approval
.bc?dre using tne island for this study. ALlsc, the Nat'l Audubon Soc,
“inder the guidance of Steve Kress, uses the isiand &e a research
GheTien tarcurhovt tie sumner while gludying ine seabirds ’
nwétinp-::zre. Thes it wags alsc neesssary Lo el apore
Trom Nat'l pgudubvorn. wnce trat wes done, ine next sterp
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LeLnEr suef and et uipment, Fowirment included such Lhi




Toer vreoonryin Srmrimens, opirocuvlars, and

daleconad and zalt
ciotiing fur all weuathes, | orewsint encuph food with me for
Lvwe months. The final jogisticii vroblem was actually getting
¢r lne island, which proved to ne very frustrating. 1 wa.
sriginally planning tc go out on Thursany, September 7. The
Cozst Guard in Kockland (where the boat lecaves from) told me
te call on Sept. 1 and check to sce if the weatner was looking
favorable. In bac weather, it is hopeless to try to land at
Matinicus. When I czlled on Sept. 1, 1 was told that the boat
hac just left and another would not leave till the 9th. On the
ﬁinth I went to Rockland early, to be sure to not miss the
ooat., The winds picked up as the boat was preparing to leave,
so the trip was postponed till Friday. Luckily, the Coast Guard
personnel waiting-toc go out on the rock offered me a place to
sleer for the night. Cn Friday, September 10, I finally made
iv to Matinicus (in this paper, "Matinicus"=iMatinicus Rock).
STUDY AREA(S)

Matinicus Rock (43°47'N, 68°51'w) 15 a thirty-five acre
treeless isiznd twenty-one miles fror the closest mainland,
anc seventeen miles due scuth cf VinalHaven Island. Clustered
at the southwest end of the island are the buildings of a
v.5. Coast Guard Light Station (see Figure six). Although
much of the island is exrtcsed rock, there is a good deal of
vegetation. The tzallest of this, however, is barely more than
six feet tall'(rushes and cattails). Moust of the vegetation
is under eighteer inches tall. There are many smalil to large
perranent "puddlies" scattered over the island. On the southeast siae,
the island dro.s down steeply to the wate., while on the northwest
gice it slopes down to a "beach" made uu of wave worr rocks uy:
‘tc a foot in diameter. There is = high ridge running the length
of v:e island along the sea side, and smaller ridges running

across the island. 1n several areas there are "boulder piles"--

areas with large boulders strewn about.
Boat gompy




(iuiev ), wnere Jteve Mullane and Lnr

Movunt nesert nocy (i,

Rivers patnered nawk datoe, i sligntly farther from mz:injiana.

‘ It is much smaller tnan Matinlecus, covering only four acres,
znd also has less vepgetation. Although there are sevearal
islands within five 1o ten miles of Matinicus, therc are none
within ten miles of MDR.

Greents Island, where Jjohn Drury gathered hawk data, is
very different from both Matinicus and MDR. First, it is less
than half as far from mainland, and, second, it is not as
barren, having a good cover of trees. It lies off the southwest
corner of Vinylhaven Is.

Beech Mountain can, for all practical purposes, be considered
& mountzin on mainland, though it is located on Mount Desert
Island. It is probably the best spot on MDI for observing
hawk migration. Figure seven is a man showing all four cf

these sites.
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map showing the location or A) Matinicus Rock,
Mount Desert Rock, C) Green's Island, and
Beech Mountain.

Figure 7.
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‘ METHCDS :
Evidence of migraticn is obtained in two ways:
(1) by directly observing birds in flight and
(2) by noting the fluctuations in numbers and
. speciez in an Aarea.
’ . -Mueller and Berger, 1961

vtilized both of the above methods in my study. Both
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metneds were used in countling nawks, ~nd the seceond wns used
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. in counting songhbirds. The first thing 1 did ecach morning
(between 070G anc <%00) was to look around the island. Thisg
ranged from standing next to the Audubon house for ten minutes
with binocuvlars to & thorough coverage of the whole igland on
foot, clipboard in hand, taking as much as two hours. After
breakfast 1'd begin my formal observations. Formal observations
refers to time when I did nothing but watch for passing hawks.,
Ecuipment used during these observations included a clipboard
with a data sheet and a blank sheet, writing instruments, a
battery powered clock, binoculars, a camera with a 400 mm lens,
a spotting scope, field guides, and, when observing from Mo's
Tower, a tripod. ‘

The data sheet has 24 blank spaces across the top for
writing in time periods, and lists 211 the hawks, with their
various plumages, down the left side. There is a space in the
top left corner for the date. Figure eight shows a section of
a sample data sheet. 1 used¢ fifteen minute time intervals, which

l’ worked well. BEach hawk was marked off using a slash (}) or a
dotted slash (|). The dotted slash Qas used toc represent a
hunting/resting hawk. This is a hawk that 1) caught some sort
ol prey on or over the island, 2) attempted to, or 3) perched
on the island. The purrose of this distinction is-to seperate
tnhose birds tnat only pass oy the island from those that use
ihe island in some manner. I1f a. large number of birds flew over
in any one time pericd, the number could be used on the data
sheet instead of siush marks (see Figure 8A). Circled slash
marks represent birds that appear to be flyving together in a
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Firare =, Example of a dats sheet. A=daily sheet, B=iotils shoet.




Lfter Sfinishing my formal observitions for o day (usually
one to five hours), 1 would skip = cclumn and use the next
two columns for daily totals (see Fig. 84). The first daily
total is the total seen during formal observation time. The
zecond 1s that plds "incidental" oovservations of hawks.
Incidental observatiouns are those hawks seen while 1 was doing
anvining but formal observations. ¥inally, on each daily sheet,
I would skip two more columns and put in a running total of all
hawks seen to date.

Another way these datz sheets are useful is for keecping

daily totzls (see Figure 8B). On this sheet (or sheets) the
dates and hours spent observing are written across the top
in place of times. Then the daily totals are written in.
Incidental observations are put‘ih parentheses. '

The blank paper on the clipboard is used for other
observations, comments, notes, and a "directional diagram.”

This is a diagram showing the direction tzken by all hawks

approaching and leaving the island, except those chasing prey.
At the end of each a journal entry was made, covering all
subjects, relying on the data sheet, notes sheet, and memory.
My Jdoutnal for the 47 days 1 was on Matinicus is over 90 pages
long. Additional notebooks were used for recording all dead
birds found and weather data. The weather datz taken include
sky condition; precipitation, visibility, wind direction,
wind speed, air temperature, and barometric pressure. These
were all taken from the Coast Guard weather report sheets,
which are filled in at three-hour intervals around the clock.

The light station on Matinicus has complete weather monitoring

fod

gear.

Formal observations were made either from Mc's Tower, a
45 foot abandoned lighthouse tower with an open platform on
top, or from a high point mid-island. On Mo's Tower I usually
kept a spotting scope set up. Although Mo's Tower offers a
much higher vantage poiht, it is placed tooc clcse to the
southwestern end of the island, making it difficult to spot
small hawks at the far end. So the majority of my observations
were made from a high spot in the center of the island.

I corfined most of my formal observation time between

Caot and 1230, hver wnen 1 owazsn't formally otserving, 1 wag




- Rl

constantly watchiing for Wi, It is very uniikely tnnt
could have missed many niawkKG.

My data were analyzed using either the College Of the
Atlantic's Digital I'DP11 or. a Jinclair ZX81 home computer.
The programs I used were elither taken from Foole and Borchers
(1977) or were writtien myself, using Campbell (1974) as a
statistical reference. iListings of the programs that 1 wrote
are included in Appendix D. The statistical tests used are
described belew, as they are mentioned.

' RESULTS
Hawks

I spent a total of 47 days on Matinicus, from 11 Sep to
28 Cet, 1982. Durins that time I saw 320 total hawks of seven
species, putting 51.% hours of formal observation time. The
average number of hawks per hour was 6.2, and the average per
day was 6.8, However, if only those days from 11 Sep to 12 Cct
are ccnsidered the hourly average is 6.3 and the daily average
ie G.8.

The solid line in Figure nine is a plot of the total
hawks seen on each day. The mean date of migration was 23 Sep,
with a standard deviation of 7.9 days. The peak day of migration
was 19 Sep, with 39 hawks. If{ can be seen from Figure nine
that migration was already under way when I arrived. In the
six days between 16 Sep and 21 Sep 128 hawks passed Matinicus.
This represents forty percent of the total hawks in only 12.7
rercent of the time. The dotted line in Figure nine is a plot
of five-day moving averages of the number of hawks., Five-day
averages tend to eliminate effects of weather,'etc. and show
more the true seasonal timing of migration. Here the mean date
is 24 Sep, with a standard deviation of 7.2 days. It can be seen
that both plots in Figure nine have twc peaks, one nearly two
weeks later than the other. This second peak is partially due
to the later migrating peregrine falcons (see Seasonal Timing
of Migration, below). Figure ten shows the same two vlots as
in Figure nine, butl considering all hawks except peregrines.
Tote that the mear date cf migration in both hawks ver day and
five-day moving averages is a day earlier, snd the standard
deviations are slightly less with veregrines removed. Figure

cleven snows the Lwo Tive-day moving averages (with and wii out
. al 2
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vercgrines) plotted topetner. Notice tnat the mein effoct of
) removing peregrines is te lower the secend pesk. Alsoe note,

nowever, that this second peak isn't eliminatec, just reduced.

1 had access to data from a tetal of four sites. At Matinicus,

Green's, and MDR, the datz were either collected myself or I

was given zccess to it by those who collected it. The data from

Beech Mountain were taken from Currie and MacRae (1980). I

have two yeare of hawk data from MDR. "MDR1"™ is the data from

the fall of 1982 only, whereas "MDRII" is the compiled data

from the falls of 1982 and 1981. Figure twelve represents a

compilation of all of the data from the three island sites.

Since all sites are fairly close, the timing of migration at

each site should he similar. Note that the mean date of migration

(22.1) is nearly identical tc that on Matinicus without reregrines

(22.3), and the graph still has a double-peaked shape.
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Figure 12. Total hawks per dayv, all island sites combined.
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weather and migration. Weather variables have often been
related to hawk migration. The effects o6f different weather
viriables have usuilly been looked at independently, though
Nisbet and Drury (1968) published a paper on the effects of

weather on migrati .n using multivariate statistics. Due to
the small size of myv samples, 1 cannot use such statistical

tests, so 1 will .:nalyze each variable individually. Jt is

n

irvortant Lo reme sepr cguring Lhe following discussion that,

o Nianet and Druo Do) 32y, Treference s to 'sierificant?

o~




variables are maae in tune tnis statistlically descriptive sonce

t

only, and do not necessarily imply cause-and-effect relationships.
in other words, Jjust becsuse (for instance) tne association of
migration with westerly winds is siatistically significant,

it cannot be stated as a fact that westerly winds cause heavy
migration at Matinicus.

Mueller and Berger (1961) state that weather conditions
at the point of departure are important in their relationship
to migration, but, unfortunately, birds are rarely seen
departing. Matinicus provides a unigue opportunity to see
birds departing for migration, since many spend one or several
days on the island. Unfortunately, results at this time are
unclear, and will have to await tne compilation of more years
of data.

In analyzing the effects of most weather variables on
migration I have used nonparametric statistics (Haugh, 1972;
Campbell, 1974). These tests include the Mann-Whitney U-test
for two samples znd the Kruskall-Wzllis Test for more than
two samples. In both of these tests there is no need to
assume that the data being analyzed are.normally distributed,
which cannot be assumed for hawk migration and weather variables.
The Mann-Whitney U-test 1is only able to give significance at
a single level (.05), but this is sufficient for the following.

Precipitation/visibility seemed to be the only weather
variable that was able to nearly stop diurnal migration. Lack
{1960) states that "All authorities have agreed that migration
is favored by clear weather, while fog, mist, and rain are
unfavorable, and though statistical evidence is in most cases
lacking, this conclusion can he accepted.™ With a few exceptions
Mueller and Berger (1961) and Haugh and Cade (1966) agree that
rain generally stops migration. Evans and Lathbury (1973) found
that rain did not stop the migration of black kites, although
it did stop that c¢f buzzards (buteos). Thev also state that
heavy fog grounds migrants.

A few potentizl problems with this correlation at Matinicus
must be kept in mind. First, the observer's efforts and
effectiveness on such days is much reduced, which could lead
to mislerading counis. pAlso, it seemé obvious ithat birds fiying
T HLooouw apd et

Tog o owoul .l crve Lo pase very ~lase o the e

o ST TR
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to ses it. Thus biras cculd pbe flying by, but missing Matinious.
Un the other hand, hawks that were on the island when the 1o«
rolled in remiained on the island until it lifted. This supports
the idez that rain and fog exert & sirong influence on migratory
behavior.

in ¥igure nine, the days with extended periods of fog
znd/or rain have been marked. It can be seen that, up to
10 Cect the days of very little tc no migration are the same
as those with fog/rain. After 10 Oct there are many clear days

without hawks, but this apparently represents the gradual ending
of the migratory season.

For the period between 11 Sep and 10 Oct a Mann-Whitney
U-test waz performed to compare days with fog and/or rain to
those without. The mean number of hawks with fog/rain was %.57,
while that without was 16.75. This difference was significant
at the .05 level. The same days were then divided into three
categories; fog, rain, and neither. Using the Kruskall-Wallis
procedure, the difference was significant at the ,001 level
(H=16.485).

Since rain/fog correlated so well with days of extremely
low migration, these days were excluded from the analysis of
the effects of other variables. Also, the period frem 11 Sep
to 10 Oct was used in the rest of the analyses of weather
variables, since it is likely that, after 30 Oct, the gradual
ending of the migratory season would have an effect.

Dean and Amadon (1968) state that the largest flights of
hawks occur after bad weather breaks. This is because the
hawks are held up by extended weriods of bad weather and,
when it breaks, they move "en masse." This certainly appears
to be evident in Figure nine (page 46), since all of the

ma jor peaks come after periods of bad weather.

The effects of wind direction on hawk migration have been
studied more thar those of any otner weather variable. There
is some guestion s to whether wind direction affects the number
of hawks moving or the concentrations of birds at ceritzin
points. Lack (1967) says that "wind direction influences the

direction but not necessarilyv the volume of mirration (thoughn

winc¢ directicon may infiuence the valume pascing within visual




range of = ocariicular place)." This relstes back te the theory
of wino drift discussed earlier. Tne correlations between wind

directior «n¢ migration found by Mueller and Berger (1961;1967),
Haugh anc Cade (1966), Allen znd Peterson (1936), and Ferguson
and Ferguson (1622) wculd all seem tc support the wind drift/
leading line hypothesis. In all of the above cases, tie wind
direction most strongly correlated with large migrations was
one that would tend to drift hawke toward.the coastline or
shoreline involved (Atlantic Ocean and westerly winds for
Allen and Feterson (193%6) and Ferguson and Ferguson (1922);
western shore of Lake Michigan and westerly winds for Mueller
and Berger (1961;1967); and the southern shore of Lake Ontario
and southerly winds for Haugh and Cade (1966)).

Haugh (1972) associated fall migration with northerly
and/or westerly winds, and spring migration with southerly
winds. It should te noted trat this could also explain all
of the correlationz mentioned above.

For my data on wind direction, I divided the compass
into the eight standarc points and comrared hawks ver day for

ezch. Mann-Whitney U-tests showed that the difference between

]

iights on all days with a northerly wind component (9 days)
-and those on days with a southerly wind component (4 days) was
not statisticqlly'Significant. However, the difference in the
movements on westerly winds (7 days) and easterly winds (9 days)
was significant at the .05 level. The mean number of hawks per
day on westerly winds was 2%, while that on easterly winds was
11,4, This would zeem to support the fheory of wind drift.

Cther comparisons showed nc significant differences.

Firure thirteer zhows Lthe offects of both wind direction
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Figure 13. The effects u1 wind direction ana vetocity on the
hawk migrations at Matinicus. The radial lines enclose
22.5° increments of wind directions. The concentric

ircles enclose five knot increments in wind speed.
The intensity of shading indicates the mean number of
hawks associated with each combination of direction
and velocity.

Barometric pressure has often been correlated with hawk
migration. Haugh (1974) and Baggs, et al (1950) agree that
migration is strongly associzted with low pressure areas.
Since I did not record the passage of lows and highs I have
no infermation to ada here. However, 1 did record the Pressure
every three hours, anc¢ 1 -can thus compare hawk movements with
general rising or falling barometric trends.

Haugh (1972) and Mueller and Berger (1961) have associazted
fall fligpnts with a rising burometer, while Haugh (1972) arna

Aauge ( \) Gave anoociater syring O IFMPTLE oWt oA




f2lling bzrometer. 1 anaiyvzed my datie by looking =t trenes over
~
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the 24 hours preceding ench dav's migration (the 320 barometer
T

reading) and dividing tae +days into twe grouvs according to
whetner the barometer was rising (9@ days) or falling (7 davs).

4 Mann-Whitney U-test showed no significant differences in

the numbers of hawks associated with each group.

Note that although pressure changes have been correlated
with migration by others, a direct causal relationship cannot be
assumed, because

There is no sensory mechanism known by which

a bird could determine absolute pressure, and

there is no evidence that birds can detect the

slight changes in barometric pressure that occur

in nature over a period of a few hours. (Mueller

and Berger, 1961).
They go on to sayv that a bird flying from the ground to a tall
tree top would be subjected to a pressure change of greater
magnitude than would usually occur in nature in an interval

zs short as an hour.

Decreasing temperature in the fall (Haugh, 1972; Mueller
and Berger, 1967) and increasing temperature in the spring
(Haugh, 1972; Haugh ana Cade, 1966) have been found to ccrrelate
well with large migrations of hawks. Although Mueller and Berger
(1961) found that hawk flights usually occured after a drop
in temperature, they decided that the correlations were not
of sufficient magnitude to show a2 strong relationship between
temperature change and migration. My own data showed no
significant correlation between changing temperature and migration.

Both Haugh and Cade (1966) and Mueller and Berger (1967)
found some correlation between sky conditions and migration,
in that more hawks migrated on clear skies. HoWever, my data
showed no significant correlation. This may be becavse a large
percentage of the hawks involved in both of the above studies
were buteos, which depend on thermals during migration, which
form more readily on sunny days. Most of the hawks ét Matinicus

were falcons, which do not deapend on soaring flight.




Dailv timine of migration. "4 puzxling spect of e

September flights j& tne invariable appearance of the bulk of
cay's migrants between nine and eleven A,M," (GBroun, 10%5),

Mueller and serger (1973) and taugh and Cade (1966) found
that there was z general mid-morning peak of hawk numbers.
They further found arn early morning veak for accipiters, a
late morning peak for buteos and an‘early afternoon peak for
falcons. 1Ir Europe, Berman and Galea (1274) found an afternoon
peak for all species. The flights on Matinicus peak ir mid-
morning, as shown in Figure fourteen. 1 spent 51.5 total hours
observing, of which there were no hawks in 30.5.
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Figure 14. The daily timing of hawk flights.

Seasonal timing of migration. Figures 9, 10, 11, znd 12

(pages 46 and 47) relate to the seasonal timing of all migrant
hawks. The migration of hawks at Matinicus in 1987 appeared to
be centered around 22 or 2% Sep. However, the mean date of
migration at MDR in 1982 was 26 5ep. Figure fifteen represents
the movements at both Matinicus and MDR. Botih grarhs show the
same double reak. But at MDRI the second peak was larger,
whereas at Matinicus the first was larger.

Hefslund (1966) found that the seasonal migration times
of all species were fairly close, whereas Titus and Mosher (1982)
and Haugh (1972) Tound that there were differences between the
3peclies. Figures sixteen and seveniren are the graphs of Lhe
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of snurples, meviins, and kestrels were zll centered around

21 Lo 2% Oep, while that of peregrines was centcered around %
'. Oet.: Using a test of the difference of means with unegual

variaznces (similar 1o a t-test; see Campbell, 1974), the

co
difference between the timing of peregrines and that of all
other species was statistically significant at the .001 level.
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l’ Figure 15, The migrations at Matinicus and MDKI.
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Figure 17. Kesircls and peregrines at Matinicus.
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seasona. timing of migration “its aiso been related to
. maturity. Awong the peregrines pzssing Matinicus in 14987, the
mean date of migration for adults was 28 Sep, while that of
immatures was 4 Get. However, due to the large standard deviations
2nd small number of adults, this difference is not statistically
significant. Berry (1971) found that adult peregrines made up
A much larger percentage of the teotal in the first half of the

season (27%) than in the second half (3%).

Differences in the migrant populations at various sites.
It became obvious during my time on Matinicus that the composition
of the hawk migrants was very different from that at other

sites. Pefegrine falcons, for instance, made up 14.5 percenf

of the total, whereas on Beech Mt. they make up only 0.5 percent
cf the total. Table 1 lists the percentage of each species seen
at four different sites. A chi-sqguare test was done on the
differences in the percentages of each species seen at Matinicus,
Green's, and Beech Mt. The difference was significant at the

001 level (X°=114.984, d.T.=24).

TABLE 1
% of all species at all sites.

Species Matinicus MDRII Green's Beech
Goshawk 0.3 - 0.3 0.2
Sharp-shin 33.8 22.3 60,6 68.3%
Cooper's - - - C.1
Peregrine 14.5 16.3 0.6 0.5
Merlin 36.9 31,7 . 2.4 2.0
Kestrel 9.8 22.7 28.4 17.3
Csprey 1.2 5.0 *% 2.7
Harrier 3.4 2.0 6.5 4.0
Red-tailed - - 0.6 1.6
Broad-winged - - 0.3 2.7
Ked-shouldered - - 0.3 -
Rough-legged - - - 0.1
Bald eagle - - - 0.2

¥X- No data on ospreys was gathered at Green's.

Basically this difference can be explained by looking at
. the migrating behavior and physiology of each species-and the
nature of each chservation site. The four observation sites

cari be divided ints three different classos. Beech Mt., as has
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bern mentioned, can be considered a mountain on the mainland.
This first clase will be called "coastzl mountains." Green's
Island répresents the second class, consisting of wooded inner
islands. The terms "wooded" and "inner" avre both important in
determining the composition of the migrante, as shall be seen.
"Inner" is used in comparison with the remaining sites, since
Green's is only about half as far from mainland =zs Matinicus and
MDR. The class of site represented by Green's will be called
"inner islands." The final class, called  "outer islands" is
represented by both Matinicus Rock and Mount Desert Rock. The
only major differences between these two sites are their
relative sizes and extent of isolation from other islands
(see Figure seven, page 42). ‘

If all of these sites are thought as'part of leading lines,
then Mueller and Berger (1967) would say that hawks could be
attracted tc such sites either because they are lines between
favorable and unfavorable habitat, or because they provide
conditions that make migrating easier.

Beech Mt. is very likely used for both reasons. Being on the
"coast, it can easily be seen as a line between favorable and
unfavorable habitat. Also, it appears to provide conditions
faverable for soaring flight, probably in the form of deflection
currents, though thermals mzy also be present. Inner islands
may alsc be attractive to hawks for several reasons. First, the
fact that tney are land amid water provides hawks with a place
to rest. Also, songbirds step on such islands during migration
and would provide a food supply for hawks that feed on migration.
The same two things can be said for outer islands. The
differentiating factors between the two are their relative
distances from mainland, and the difference in vegetation.
Table two summarizes the characteristics of each site class.

TABLE 2
~Characteristics of site classes.

Site class NMistance Soaring Tree
- from Cond. Cov. Food
‘Mainland .
Coastal Mountainz - Yes Yes Yes
Inner Isl

ands =10 miies MO Yes Yes

Suter Isiands 1-7% miles NG NG Yoo
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Characteristics of hawk groups.

Hawk group Wing Wing freferred Feed
Loading Slotting Habitat During
Mig.

Falcons High None Upen Yes

fccipiters Med. Med. wooded Yes
Buteos Low High Gpen/wooded No(?)

Now that the characteristics of the sites have been
discussed, the characteristics of the birds must be discussed
to see why different types are attracted to different sites
(Table three summarizes these). Three different groups of hawks
will be considered; falcons, accipiters, and buteos. The extent
to which each group makes use of soaring has been discussed.
In general, birds with lighter wing loading and slotted wing
tips are able to soar best. The extent of wingtip slotting can
pe seen from Figure one (page 12). Poole (123%8) published =z
paper on welights and wing arEas in North American Birds. The
following figures are from this paper. In looking at wing
loading, I have compared individuals from each group that are
in the same weéight class. For instance, in the 1200 to 1400
weight class, the wing loading of female peregrines, representing
the falcons, 'is 0.9 g/cmz. That of female goshawks (accipiters)
is 0.68 g/om2, and that of female red-tails (buteos) is 0.57
g/cmé. Thus the falcons have the highest wing loading, the
accipiters are in the middle, and buteos have the lowést.
This relationship apparently holds within any one weight class
(I also checked the 700-900 gram class and the 130-180 gram
class). These measurements agree with general comments made
earlier concerning the degree to which these different groups
make use of soaring flight; buteos using it the most, falcons
the least, and accipiters somewhere in between. However, Brown
and Amadon (1968) mention that even species which seldom soar
will do so under favorable conditions. As can bé seen from
M+

[

Table twe, soaring birds would .be most attracted to Beech
and in fact, the percentage of buteos at Beech Mt. is higher than
atl any other site (sece Table fcour). However, this percentage
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Mounizin, ia. (see Mable six).

THEBLE 4

I'ercentages of hawk groups at site tynes.

Hawk grougp % of % of % of
total @ total € total @
Outer Is. Iinner 1Is. Coastal Mt.
Falcons . 65.8 31.4 19.8
Accipiters 28.5 60.¢ 68.6
Buteocs - 1.2 4.0

Difference is statistically significant at .001 level.

The fairly low percentage of buteos at Beech Mt. probably
relates to the unwillingness of the birds to cross: water. Many
writers have observed that sozring hawks are almost totally
unwilling to crcss expanses of water. Similarly, species with
basically flapping flight cross water most readily. (Brown and
Amadon, 1968). Since falcons make the most use of Tlarping
flight, they should be the most willing tc cross water, with
accipiters in between. Haugh (1972) notes that "unlike most
hawks, the peregrine seems not averse t¢ flying over water
during migration.™

Referring tc Figure seven (page 42), it can be seen that
beech Mt. is effectively on z penninsula, surrounded by large bays
t¢ the east and west. This may be the factor that.limits'the
number of buteos at Beech. Similarly, the willingness of
falcons to cross water may contribute to their high numbers
at the outer island sites.

The preferred habitat of each groupr may alsc influerice the
numbers seen at each site. This seems especially important in
d¢istinguishing between outer and inner island sites. As can be
seen from Table four, the percentages of both falcons and
accipiters at these two site tvpes are very different. The
accipiters are basically forest birds, while falcons are birds
cf open country, and this may account for the differences seen..

- Feeding behavior during migration may also Ee an important
factor. Although songbirds are present at all sites, they are
most vulnerable at the outer island sites, due to the lack of
cover (seeo discussion on vulnerability of ovrev, page 8). Thus

P most duaring misration woutd bhe stiracted

fee




to the outer isiunds for this reason,

Newton (1979) says that soaring hawk species mry fast
on migration. bLeahy (1982) agrees with this, stating that
soaring irigrants seldom feed en route. This would probably
mear. that so&ring hawks put on welght bhefore migration, and
draw on fat reserves during migration. Newton (1979) has
suggested that this habit may even have adaptive value, since
fasting would lead to reduced weight, which would lead to
reduced wing loading, which would reduce the bird's energy
expenditure, since soaring would be easier.

Many researchers report that falcons and accipiters feed
during migration. My own research shows that 71.3% of ~the hawks
seen during my formal observations stopped to hunt/rest on
the island(see METHODS, page 42-4% for a definition of
hunting/resting hawks). This is in sharp contrast to Beech
Mi., where very few birds are seen hunting.

Sc, given that both accipiters and falcons feed on migration,
they should be most attracted to the outer island sites. For
falcons this is true. However, the percentage of accipiters at
the outer islands is the lowest out of the three sites (see
Table four). It should be remembered that accipiters are forest
hawks, and they utilize soaring to some extent. They probably
are able to hunt as effectively in wooded areas as in the open.
Thus, they make ur a higher percent of the total at Green's,
where they can hunt and stay with their preferred habitat, and
an even higher percentage: at Beech, where they can hunt, stay
with their preferred habitat, and utilize updrafts. _

Table four is a comparison between the three sites. Using
a chi-square test, the differences in the compositions of the

=3

migrants at each site is statistically significant at the .QC1
level (¥°=51.2954, D.F.=4).

Since MOR is 1) much smaller than Matinicus and B) more
isclated, 1 have to question my grouping of them as one site
type. Table five is a comparison between MDR1I and Matinicus.
There is no statistically significant difference between the
two, which seems to support my grouping of them.

Although I am comparing three classes of sites, there are
probably others. Hawk Mountain (Haugh, 1972), for instance,
would not fit into anyv cof my classes, s¢ this would be a
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hive to coross water te get to the site from zrny direction
(unlike beoch Mt.) s0 thnere is a much higher rerveantapge of
buteos. Table six is a comparison between Beech Mt. and Hawk
¥i., ana the difference is statisticallyv signiflicanl at the
000 leve) (X2=11O.864, D.F.=2).

TABLE 5

Yercentages of hawk groups at two sites.

Hawk group % of % of
total € - total @
Matinicus MDRII
Falcons 61.2 70.7
Accipiters 34,1 22.3
Butecs - ‘ -
TABLE 6

tercentages of hawk groups at two cites.

Hawk group % of % of
total @ total @
Beech Mt. Hawk Mt.
Falcons 18.8 2.3
hAccipiters 68.6 16.5
Buteos 4.0 76.4

"Open ocean" could be considered another class. Kerlinger,
Cherry, and Powers relate their observations at sea. Table seven
is a comparison between the hawks seen at the outer islands and
the open sea. The difference between the two for falcons and.
accipiters. is not statistically significant. However, much
nigher percentages of ospreys are seen over the open sea.

This is probably because ospreys can feed over the copen sea
(Rogers and Leatherwood, 1981), and only have to come to land
to rest. Also, their preferred habitat is coastlines, so they
are vefy accustomed to Tlying over water. Table eight is the
same comparison as Table seven, with ospreys added. Kow the
difference is statistically significant, & the .001 level
(X2=26.1216, D.F.=2). Figure eighteen stows the uvercentage of

different species at cifferent sites.




TasLE 7

Percentages of nawk groups ot twe sited.

Hawk group ¢ of % of
total @ Ltotal
Cuter 1is. Upen Sea
Falcons £5,8 - 62.0
hccipiters 28.5 14,7
Buteos - -
TABLE 8
Same as Table 7, with ospreys.
Hawk gr:vury % of % of
total @ total ¢
Cuter Is. Open Sea
Falcons £5.8 62.0
Acclipiters 28,5 14,7
Buteos - -
Uaryom 1.2 25.3%




asvere N ~

[P, e - I { Iy . . e %y . P e, »- -
nEe ratlios, SRR LAREE G Il A I ¥ SUeaKing o wEDD MAY, e .y

sale, "The greoat majority of the micrating hawbks are birds of
the year, &@nd it ieg only occusionally that we sSee an adult."
For moest species, this stalenment wowld anrply at Matinicug as
well. The only hawks that T =« temptee to determine the age of

were sharp-shins, harriers, and peregrines, Cf these, only

grines showed a "normal" age ratio. Cf those that I was

able to age (93.6% of the total), 22.7% were adults and 77.3%

were immatures. This is egual to approximately one adult for

every four young. Ward anc¢ Berry (1972) report 18% adult peregrines

at Assateague Island, MD. over 12 years of data. This is comparable

o
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to my own total of 22.7% adults.

The age ratios of sharp-shins and harriers were very
different. The eleven harriers 1 saw were all immatufes, and
of the sharp-shins thnat I was able to safely age (74,6% of the
total), 96.3 percent were immature, and only 3.7 percent were
adults ( four birds out of 110). This is less than one adult
for every 2C young.

If Bergert's (1964) statement +that individual birds
probably follow the same route year after year is accepted, and
we can assume that this high percentage of young on Matinicus
in 1982 is similar to other years, then there are two possible
explanations for this age ratio. Either 1) the adult bird's
don't migrate much, or 2) the young btirds seen are not surviving
till adult agé (or, in other words, they are "experiencing
negative selection'). Since Haugh (1972) and others have
reported no unusually high rercentages of immatures (ie-the
adults do migrate), the latter must be the case if Berger's
statement is accepted. However, Mueller and Berger (19€7) state
that the path pursued by a bird varies considerably from year
to year. Brown and Amazdon (196&) go a step farther in saying
that, in some species, age groups migrzte in separate flight
lines. Newton (1979) explains this by saying that juveniles
may be more likelv to be driftegd by the wind, thus creating
artificially large concentrations of Juveniles. Thie would
scem te exnlain the strange age rutios seen at Mztinicus

Kock.

Feeding behavior. 1 have -& chases (successTaul or not)

mantiene s o inomy donena il owhere ie TRV Cneclios whis-identified,
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oI these, 23 were successful., The vrey species cin be divided
three different size categories; sm:i: (wam.iers to
sparrows), medium (thrush-gized), anc lerge (flickers, doves).
smong a1l three small nawks (sharpies, meriins and kesirels)

100% of the prey captured was in the small cateporv, though 1

saw bolh a merlin and a sharpshin make an unsuccessful attempt

at 2 medium sized bird. Small vrey items compcsea 45.5% of

the successful hunts of peregrines, anc¢ medium and large vrey
mede up 36.4% and 1&.1%, respectively. No hawk was observed
chasing, capturing or eating anything other than a bird.

Ferguson and Ferguson (1922) list insects as comrising over

60% of the stomach contents of merlins migrating past Fisher's
Island, N.Y. Although dragonflies, butterflies and other insects
were present on Matinicus, I never observed a merlin attempting
to feed on an insect. This may have more to do with ease of
observation than actual prey selection, or easily obtainable birds.

Rogers and Leatherwood (1981) report seeing a peregrine
feeding on leach's storm petrels at sea. 1 found one "kill site"
of @ leach's petrel, in which everything but the legs and wings
haa been eaten. I have no way of knowing whait srecies of hawk
zte the petrel, or that it wasn't another predator (ie- gull).

Fithers (1965) reports seeing a European kestrel taking
& bird missed by a peregrine. 1 witnessed the reverse of this
sitwation, in which a peregrine took a bird that a merlin
was having trouble catching. I quote from my Jjournal; "A
MERL (merlin) was chasing a warbler and a FEF: (peregrine)
gravbed it out of the air. It appeared to be helding it by only
one foot or wing. It dropped it, but caught it again before it
hit the ground." This was Jjust one example of the remarkable
speed and agility of the peregrine.

Haugh (1972) says that migrating hawks will rob each other
cf prey,.Although 1 never saw & hawk attempt tc¢ steal from
another after the kill, 1 saw several cases of hawks competing
for the same food, such as that described above between a
peregrine and a m=2rlin. 1 also twice cbserved two merlins chasing
the same bird. ir tve first instance, both hawks made repeated
stoops at a flying songbird, alternating with each other. Neither
hawk managed to caten the bird, as both finally gave up.

‘NY s - N 4 Nl - ey e 3 vy 7~ . - Ty - . g L T,
fne secona Instance was simiiar, oxcert thnat the bird was




caught. 1t cppearecd te be sirueck by botn birds simultancously,
though one may have struck il siightiy earlier. Nelther bird
released the prey, and the twe merlins tumbled to the grounc,
both 31ill holding the sengbira, After hitting the ground, one
flew 2way with the prey, the cther without. Feregrineg were

zlso often seen comueting. When one peregrine chased a bird out
over the water znd bvegan stooping at it, others would join in,
alternately stooping at ihe songbird till one caught it. I never
saw peregrines "fight" for prey the way the twc merlins did, but
I saw two immature peregrines harrass and beg from an adult that
had captured a flicker. I have no wav of knowing, of course, if
the three birds were an actual family group. All three perched
on a single eight-foot long rock, and the two young birds called
till the adult bird finished eating. It made no move to share
its prey with the young birds, but neither did it chase taem away.
The feeding behavior of incdividuzl species will be discussed
below, under species accounts.

The three smaller hawks constantly harrassed flickers,
although 1 never saw any of them actually strike one. Flickers
would often roost along tne top of Mo's Tower, and one kestrel
in particular seemed to enjoy flying around the edge of the
tower, scaring all the flickers into flight. In myv Jjournal I
wrote that,"I seriously think that they do it Jjust for fun. And
I think that the reason they choose CUFL'S (flickers) for this
game is the way they scream. At any rate, it looks like a fun
game for the hawks,and probably less fun for the flickers.!
Allen and Feterson (1936) say that, "Although one of the commonest
sights during the Hawk flights is a screaming Flicker with &
little 3harn-shin in hot pursuit, there was not & trace of a
flicker in any of the stomachs examined. It seems as if they

just enjoy hearing the Flickers squeal.™

Species accounts.

Merlins. Merilins were the most common hawk on Matinicus
(120=%6.9%), though they weren't far auead of sharp-shins (11C).
Their mean date of misration was 22 Sep (sece Figure sixtcen,
page 54). Their high-n .mber day was 19 Sep, when 19 merlins
passed Matinicus. Thie is the same date as the highest total

A0aa day (30 hawks). Meriins net on’y comrrise @ nucn higher

\




wercentas o of e 1 tol migrants at Matinicus compared to
Beecn Ww.. {(Table one, page 55, thev zlsc are nigher in actual.
numbere (120 vs. %), They are a stronrly cuter island oriented

migrant,
Fudebeck (1G5%) describes the hunting methods of merlins
well. He says "often the bircs remain very low, the falcon
stoops z2galn and assin in rapid succession, attacking from
short distances at a few metres up to ar:roximately 20 to 50
metres. At times the falcon appears to be flying up and down
1ike a shuttle..." This last sentence in his description is
especially well put. In my Jjournal, I put it like this; "they
don't try to follow the twists and turns of their prey. Instead
they get above the prey and repeatedly swoop down at it pendulum-
like." (n another day, I wrote, "the bottom of each pendulum-
swing was where the bird was--or close, anyway. The little bird
managed to avoid the MERL about 4 or 5 times. Then on one of
the swings, the two met perfectly." .

The mistake of a small bird being chased by & merlin is
toe try to out-fly it. Merlins are extremely fast and agile in
flight. Hunting merlins generally fly up and down the island
while looking for prey. They sometimes make passes at birds
in the vegetation, but I only saw one take a perched bird.
This bird was sitting on a railing about three feet off the
ground. A merlin came in very 1low, skimming the ground, and tnen
rose sharply and plucked the bird off its rerch from behind. All
nother birds were ftaken in flight.

Sharp-shins. Sharp-shins vere the second most numerous
hawk species (110 birds=3%%.8%). Their mean daite of migration
was 23 Sep (Figure 16, page 54), the same as that for all hawks.
Their high-number day was 24 Sep, with 18 sharp-shins. Although
they comprise a fairly high percentage of the hawks at Matinicus,
it is a much lower percentage than that at either inner islands
or coastal mountains (see Table one, page 55). The total number

of sharp-shins could be seen on & single good day at Beech Mt.

They are oriented toward both coastal mountains and inner islands
during migration, There was an extremely high percentiage of
immature birds (96.3%%) on Matinicus.

Sharpies use a differenl hunting method than merlins. They

uszually 1y low aver tas aroundé while nunting, and ofiern take




tnelr prey in tne vepolitioun or just as it takes off. They
were never seern to stoor repeatodly as merlins will do, ana
usually gave up on their vrey 1f they didn't strike it on tne
first attempt. When tney did estend their chase, they folluwcd
the twistis and turns of thieir prey in a very agile mznner. They
made no effort tovget above their wrey, as meriins did.

A second hunting method they often use is to make a sudden
dash at nearby preyv from a perch. This is probably closer to
the hunting technique they use in their usual forest habitats.

Sharp-shins also differed sharply in their choice of
feeding site after obtaining prey. Merlins usually seek a high
exposed spot to eat (ie- top of a large boulder). Sharpshins,
however, usually stay in the vegetation where they made the
kill or fly to a well hidden spot, often combining the shelter
of rocks and vegetation. Merlins seem intent on their prey while
feeding and can usually be approached quite closely; whereas
sharp~shins remain more alert and. fly at any approach.

Feregrine Falcons. The high percentage (14.5) of peregrines
on Matinicus helped to make my time their extremely enjoyable.
"There is perhaps no more marvelous spectacle in nature than

that of a peregrine falcon..." (Grossman and Hamlet, 1964).

Their percentage and numbers on Matinicus were much higher than

those at either of the other sites (Table 1, page 55). In fact,

the number of peregrines at Matinicus is higher than that seen

at such well-known sites as Hawk Mt., Pa. Broun (1939) reports

seeing 2¢ peregrines out of 17,024 hawks in 1938, More recently,

Haugh (1972) reports 21 peregrines out of 24,72C hawks in 1968,

There is a "normal" percentage of adults and immatures. reregrines

seem to be strongly oriented to outer island sites during migration

through Maine. The mean date of migration for peregrines was

% Oct (see Fig. seventeen, page 54), and the highest number day

was 4 Oct, with 10 peregrines. Their mean date of migration

is significantly later than that for all species, indicating

thatl peregrines may migrate slightly later th:in the other svecies.
Since the peregrine is an endangered srecies, it woulc be

worthwhile to understand its migration routes better. Enderson

{(1965) stiztes that many peregrines, presumed to be tarctic' birds,

mifFrate teo Central and Southn America to winter. His labelliing of-

the migrants as 'arctic' birds would seem logical, since there.

arenti

are almesi no herasrines in easitern North America that




“rciic. anite (1968) called these arctic peregrines a seperi:te

suv-srecies, Fop.o tunariuvs. e cdescribed them as hiaving: very

nATTOV Izlar siripes and 2 conricuous white forohead band., The
Dirdz I saw fit this description,
variation., White {1048) alsc Says that peregrine migration is

though there is much individual

of the "leapfrog" type, where the populations nesting farthest
north move farthest south. He goes on to say that "The bulk of
the migrants appearing along the Atlantic seaboard appear to
be from the tundrius population,®

Accepting that the reregrines seen on Matinicus are
tundra-inhabiting birds, the question that remains relates to
the route they use to get from the arctic to their wintering
grounds. Shor (1970) has proposed a route based on banding
recoveries. He says that the source of the birds seen. along the
Atlantic coast is western Greenland. The birds head southward
down the Hudson Bay and James Bay and then across Quebec to the
Atlantic (see Figure nineteen), where they pass suech places
as coastal Maine, Cape May Point and Assateague Island. They
then go on dowr: or off the Atlantic coast to Soutk America,

wintering in Uruguay or Argentina.

Figure 19. .iroposed migration rcutes of Feregrine Falcons.




Thic route mzy explain the mivration of peregrines from
western Greenland, but tnere are some prohlems, First, it secms
likely tnal percgrines migrzting south past the Oreat Lakes
(Haugh, 1972) would huve come from James Bay, where fair
numbers of peregrines are seen in tne fall (Leslie Lec,
personzl communication). second, this would make the trip
unrecessarily long for birds in extreme southwestern and
southern Greenland. The dotted line in Figure nineteen would
seem to represent a more sensible route for these birds. To
prove this, data would be needed from the Labrador Coast and
Rewfoundland.

Burrows (1981) reports yearly sightings of peregrines at
six locations in Newfoundland. These are represented by the
dots on Figure nineteen. Tufts (1978) also mentions that
peregrines are seen in Nova Scotia during migration. Since
no numerical datz are available, no conclusions can be drawn
from these reports, except that peregrines are present along
both coasts of Newfoundland in the fall.

Rudebeck (1951) describes the hunting method used by
peregrines as "the famous stoop, the peregrine striking obliquely
from above with an enormous speed at birds in flight." In regards
to the number of stoops, he says, "very often it will stoop
only once, irresyective of the result, but now and then it
will make another attempt or even go on stooping five or ten
times, and in rare cases it will repeat its attempts 5C times
or even more." Most of the peregrines t.at I watched huntinr
made relatively short stoops, and repeated them until it caught
the bird. leregrines usually seemed to try to drive their prey
upward and/or over the water. Brown and Amadon {1968) say that
if a falcon finds a mrticularly good food supply during
migration that it may stop for a few days. This could explain the
fact that some peregrines spent several days on the island in
good weather.

American kestrel. Kestrels comprised 9.8 percent of the

total numbers, with 32 birdu, They are ceen at slightly highner
pvercentages at Becech, «nd much higher ut Green's (see Table one,
page ©5). The high percentage of males seen (66.7) may simply
mean that females, with their less brilliant cnlors, were more

efter idestified =i unknewns. In fact, if all of the fem=les



“NGOUNKNOWRE are considered one prour, ther males mare u
HCLLZ% of the totadl, &omuch more "pormeld! £ gure. Tne mean date
of migration f v kestrels was 1 3ep, anc bLhe highest number

dav was 24 Ser, with five (see Figure 17, pipge 54). Festrels,

unlike otner falcons, seem to be cricnted more taward inner
islands., This may be because birde are us ;ally not their
mein prey.,

Kestreis feed on Matinicus in tve same manner as elsewhere,
hovering over a bird before taking it on the ground or dropping
on it from & perch. I never saw a kestrel catch a bird in
flight.

Northern harrier. Harrier: made up 3.4 percent of the

total. The eleven harriers seen were scattered fairly
uniformly from 11 Sep tv 3 Get. Single birds were .seen on all
days except 17 Sep, when two were seen. All harriers seern were
immature birds.

Only one harrier was seen to capture prey, although
others were apparently hunting. Harriers gquartered the island.
close to the ground, and the one that was seen capturing vrey
dropped on it in the vegetation (a warbler).

Gther hawks. Two other hawk species were seen. Four ospreys
were seen. Three of these simply flew by, and one was seen
hunting. This one caught two fish about an hour apart and
spent time after catching each one sitting on a Coast Guard

buoy offshore‘eating.
A single large (female?) immature goshawk was seen. It

perched low, rather than on the highest spots available (where
peregrines and merlins perch). It was chased by a peregrine
twice. For all practical purpcses, goshawks can be considered

accidental at Matinicus.




ther Biras

At lenst 174 speclizs o7 birds were seen 1 Matinlcus
Rock from 11 Serv Lo 2F Leot, 1982, 4t least one other specize
of Empidonax flycatcher wous zeen, and a possible crange-crowned
warbler specimen (& tower-kill) awaits positive ideniification.
Lppencdix C tists all species seen. Some of the more intercsting
observutions of non-falconiform birds are described below.

Un 16 Sep, at 3:45 4.M., I stepped out on the porch to
check on the number of tower kills (see "Tower Kills", below)
and a greater shearwater came crawling through the grass and
went under the porch. Since it was still there at daybreak,

I picked it up and checked it for wounds and photographed it.
It was unable Lo take off from land, so 1 took it down to the
water and set it on a large rock. It jumped, barely clearing
the water before flying away. It appeared to _be a healthy bird,
and flew away normally.

4t four different times, leach's storm netrelis flew throeugh
open doors intc tns main house and were taken back outside.

Une dead one was found next to the tower, presumably a tower
kill. The remains of another were found that had apparently
been eaten by either a hawk or a gull. Petrel burrows can
be found on the island wherever there is sufficient soil.

On 8 Oct & tightly packed group of nine great blue herons
was seen on a rock near the water. Both blue-winged teals and
black ducks were seen several times in the "puddles" on the
island. Huge flocks of common eiders were usually mnresent around
the .sland. Cne flock that I attempted to count through a
spotting scope contained about 1,100 birds.

A dead sora was found on 20 Sep. It presumably hit the
tcwer. Unexpected shorebirds included white-rumped sandpipers,
a whimbrel, a common snipe, and a woodcock.

4 single adult puffin was seen on 11 Sep. My Journal says,
"At 1335 I came arcund a boulder and found myself face-to-face
with a PUFFIN'...1t was more subrised than me, and it flcpped
down inte a burrow (Audubon # XXIII)." I took twe nhotos of it
@s 1t left the island an hour laler. Both are over-exposed, butl
there appears to be a yellow color band on its right leg.

Cn 24 Sep an immature red-headed weodpecker was seen and
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throughout the gay. My Joarnal s=yo "Two sharpsnins scarec g

vird that, at a gulck giance, luoked like a4 8 yellow-headed
vleckbird,™ © jater was able to gel beller looks at it and
pnotograph JL. wn 2% Sep a dickecissel was feund dead, of no

arpvarent ciouse.
Songbirds

My data on songbirds is not detailed enough to attempt
te correlate their movements with weather conditions (see Lack,
1960; Kisbet and Drury, 1968). Warblers were generally more
abundant early in the study period and fringillids later.
Yellow—rumpéd warblers and palm warblers were present after
other warblers were no longer seen.

From my notes, I was able to seperate forty days intc
three general categories c¢f relative songbird avundance. Then
the number of hawks seen on ezch of these days wzas determined,
in an attemnt to cerrelate hawk movement with changing numbers
of prey. A Kruskal-Wallis test showed no statistical significance
0 the difference in hawk numbers in each of the three categories.
4 Mann-Whitney U-test on the difference between the number of
hawks on high and low songbird abundance also showed no

statisticael significance.
Migratory Insects

Griffin (1964) discusses the migration of monarch butterflies,
and Allen and Feterson (193%36) mention seeing both monarchs and
dragonflies at Cape May, N.J. 1 kept a count of monarchs and
dragonflies seen, and came up with eighieen and six, respectively,

though J wasn't putting much effort into spotting them.
Mammals

dzrhor seals were seen dally turoughout the seven-week
veriod. There were usuaily between thirty and forty in sight.
Two young seals wers found dead. No grey seals were seen.

Four bats (urndaentified svecies) wore seen flvine durine the




Gesy. A omummilicc stzrencnoo mele wes Tound abeut mid-island

(seemingiy 106 high for wives Lo have left it there. My journsd

says, "How did it wet there?? Could there be & population of
them here? Seems doubtful." The mest likely explanation seems
te be that it was iaft there by a predator or scavenger.

The only cetaceans seen were white-sided dolphins. A
group of at least 257 was sean on 13 Oct, headead approximately
southwest. They came very c.ose tc the island, and many lept

clear of the water.
Tower Kills

My notes for 16 3Sep say "4:30 am-- the fog is gone and
with its passing migration has come. And with migration, light
house kills have come. That's mostly why I'm awake. With birds
crashing into my bedroom window every few minutes, 1 couidn't
sleep...There's a pile of 14 dead passerines on the porch--
almost all warblers-- and the final toll will certainly be
higner." The final tc¢ll was, in fact, 51 birds, 44 of which
were warblers. The largest was a flicker. Although this was
the worst night for tower kills, it was not the only one.
There were thirteen nights with tower kills, resulting in a
total of 74 dead birds.

The conditione that bring about these kills and exactly
how they affect the birds involved are unclear to me. Leahy
(1982) says that the birds are attracted tc lights of certain
tall structures and get disoriented by them. Crawfofd (1981)
associated tower kills in Florida with north winds and cloud
cover, He said that clouds affect the birds in two ways.
First, birds fly at lower altitudes under overcast, and,
second, light is refracted by a greater number of minute
moisture droplets, disorienting the birds. He says that fog
cr precipitation are not necessary, as long as the sky is
overcast. Laskey (196C) alsc correlated tower kills with
northerly winds and overcast skies, and Ogden (196C) found
cvercast skies to be important.

Crawford (1981) relates an additional thought regarding
why birds hit towers. He says, "birds enter the illuminated

:rea of a2 Tower ane are relucltant to Jeave; they mill around



ano mann are killed oy hitting the tower, guy wires, or other

Diras.”

Checking my own weather data, 1 found the follewing conditinns
on tue night of September 195-16. First, it hac¢ been solidly
Toggy since late on the night of 17 Sep. The fop finally broke
between 10:%7 p.m. on the 15th and 1:%0 a.m. on the 16th.

The tower kills started around 11:3C p.m., 15 Sep (about the
time thz fog broke?). The winds were steadily from east-northeast,
at around 20 knots. After the fog broke, it remained overcast.

The only other night with more than two tower kills was
October 8-9, when & were found. This was, again, a cloudy night
with east-northeasterly winds at around 20 knots. Eowever, there
was also a thick fog throughout the night. ‘

It was obvious that birds were hitting 1it areas. These
included the lighthouse light, 1it windows in the main hcuse, &and
twe areas 1lit with floodlights; a bright red outside door on
the main house, and a white wall on the boathouse. All birds
were hitting the southwest side of the buildings (is- they were
flying into the wind). When I stood on the pcrch to observe,
birds would often fly into me. Since I could clearly see the
birds as much as ten feet away, they should have been able to

see me and the red door that many of them hit.
Importance of the Island for Migrants

The outer islands, collectively, are probably extremely
important sites for migrating falcons. They provide both a
food supply and a place to rest. Accipiters zare much less
devendent on these islands, since they can capture foed easily
among trees. Islands such as Wooden Ball and 3eal are. probably
even more important, since they are similar in habitat and much

larger.
DISCUSSION/SUMMARY

In my 47 days on Matinicus Kock, ! saw 3%32C hawks of
sever species. The mean hawks per observer hour was 6.21,
although this is affected somewhat by a fifteen day period

from 17 it te 27 (et when almost no hawks went by (7 total).
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The oniy ciimscetic veerihles thei correluated well with

amount of visible onowe migration were yrecivit-tion and windg
direction. Cn rainy and/or fopgy doys “here was no migr=tion.

Un dayo with a westerly component to the wind there were more.
hawks lharn on those with ezsterly components (difference statistlic-
ally significant at ,05 level). Tris may indicate that wind arif: J
is an important factor in the migration o hawks at Matinicus '
Rock, perhaps especially so in respect to sharpshins and kestrels,

which migrate over inner islands and coastal mountains in higher
percentages of the total. This is alsc consistent with the idea that
Juveniles may be more strongly affected by wind drift than adults
(Newton, 1979), since 96.3% percent of the sharpshins seen were

immature birds, excluding those birds that were not aged. Other
meteorlogical variables, such as barometric pressure, temnerature,

and sky conditions showed no statisticzlly significant relationship

to the hawk movements. This lack of correlation may be explainable

by the idea that falcons, which comprise the majority of the

migrants at Matinicus Rock, are less dependent on weather conditions
during migration than other types of hawks.

The daily movements of hawks were heaviest.during mid- to
late morning. The mean time of migration was 10:30 tc 11:00 ABM,
with a standard deviation of one hour. Thus most of the migrants
were seen passing Matinicus Kock between ©:30 and noon. This time
period is alsc where most of the formal observation time occured,
but since I was constantly watching for hawks, whether during
formal observation time or not, I feel that this represents the
actual daily timing of the movements. '

The seasonal timing of the movements of sharpshins, kestrels,
and merlins was the same. However, peregrines showed 2 significantly
(.001) later mean (CGct. 3). Looking unly at peregrines, the mean
date of migration for adults was 28 Sept, while that for immature
birds was 4 Oct. Due to large.standard deviationé, however, this
difference was not skatistically significant. This situation may
become clearer as the data base grows. _

The chservation sites from which I had access to data carn bs
classifiea into trree types; outer islands, inner islands, and
coastal mountains. There are significant differences in tue

composition of the migrants st ench site tyvpe. Valcons were stronsly
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an¢ lnose of the various hawk groups (sce text). The zge ratio of
tne piregrines observed could be considered tyrical. However,
unusually high percentages ¢f juvenile snarpshine and harriers
were cbserved.

Fuch feeding behavior was observed. The small hawks (sharnshins,
merlins and Kestrels) were never seen to take anything but small
(warbler, sparrow) sized prey, although a few unsuccessful chases
of medium (thrush)-sized prey were noted. Feregrines took a high
percentzge of small prey items (45.5%). This is rrobably an
indication of the relative vulnerability of this size class,
since vulnerability is afected by relative numbers of prey species
(Brown and Amadon, 1968), and small birds were by far the most
numerous. Iin othégnQbrds, the peregrines were simply feeding
on what was most abundani. The percentage of each class taken
I’ decreased from small to medium to large.

No prrey items other than birds were seen being chased, captured
or eaten but birds, although insects such as dragonflies were
fairly common. Agzin, this may be a reflection of the relative
abundances of large insects and birds, or it may relate to the
observer's ease of detecting insects as compared to that of detecting
birds, ,

Both inter- and intra-specific competition for food was
~observed. In inter-suecific cases, peregrines were successful
over 21l others. 411 thnree smaller hawks were commonly seen
chasing flickers, which produced loud screams upon being chaused.
None of these hawks were seen actually striking a flicker. This
behavior was interpreted as "play."

Differences in the feeding behavior of the various hawk
svecies was discussed. These differences relate to the physiology
and habitat preferrences of each species. The possible migration
routes of peregrines was discussed. The peregrines seen at

!’ Matinicus Rock are most likely all "arctic" reregrines,
The most notable non-falconiform species seen include a

red-headed weodpecker, 4 dickeiz.iel, o yellow-heuded blackbird,

14
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and deserves more Lugy.,
BoUCATIONLD VaLide GF PROISCT

This vroject was undoubtedly one of the most successful
Jearning exveriences of my carreer. I learned much concerning
field work, literature research, data analysis, and presentation
of my research; as well as about the migration of hawks in coastal
Maine. This project has led tc many ideas for future work, and
hopefully will become an ongoing study. Aside from the educational
value of the project, the field work was one of the most enjoyable

experiences of my life,
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GREAT BLUEL HERGN
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CUMMON E1DER
ZLUE-WINGED TEAL
BLACY DUCK
SURF SCOTER
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SHARF-SHINNED Hav
*GOSHAWK
NORTHERN HARRIER
UGSPREY
AMERICAN KESTREL
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IEREGRINE FALCON
SEMIPALMATED PLCOVEE
SEMIPALMATED SANI: IFEF
WHIMBREL
SFCTTEL SANDFIFEFR
RUDDY TURNSTONE
’ *¥COMMON SN1PE
Wi1lTE-RUMPED SANL: ITER
RED KNOT
*AMERICAN WOODCOCE
GREATER BLACK-BACKXED GULL
AERRING GULL '
*LTLANTIC PUFFIN
3LrCE GUILLEMOD
WMORNING DGVE
*YELLOW-BILLED CUCH{GC
RUBY-THROATED HUMMINGBIRD
BeELTED KINGFISHER
YELLOW-BELLIED SA:SUCKER
COUMMON FLICKER
*RED-HEADED WOODIECHEK
YELLOW-BELLIED FLYZATCHER v
(EMFIDCNAX FLYCATCHERS-Unidentified species)
EASTERN WCOD IEEWE
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CAPE MAY WARBLER
BLACK-THRUATED BLUE WARBLER
YELLOW-RUMPED WARBLER
BLACK-THROATED GREEN WARBLER
BLACKBURNIAN WARDLER
CHESTNUT-SIDED WARBLER
BAY~BREASTED WARRLER
BLACKPCLL WARBLER
GVENBIRD
NORTHERK WATERTHRUSH
MCURNMNING WARBLER
CONi il YE J}.LJO‘IV’THR(JAT
YELLCW-BKEASTED CHAT
WILSON'S WARBLER
‘ CANADL WARBLER
AMERICAX REDSTART
FALM WARBLER
* (URANGE=-CRCWNED WARBLEK~ "tower kill"- postive 1D still needed)
BOUBOLINK
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AR A AT }:f” LUOTIT LU ting sucn o
ma 2. Whern posEibie, 1ouoen 2 nomwe comruter.
Fooroginere cdmpltx ,7u’*1nu, Hser oo FLrth . The pnrograim..
ferot) Mann~¥Wailtre.y d=-tests, L) menyn, viarinuee, ano standarc
ceviation, and %) Chi-square Tests MGLP tawkan from Focle and
sorehers (1977). The follewing three programs were wrilter
for tuiz project, using Camybell (1274) as a statistical
reference. .

Irogram 1- Five Day Moving Averages.

Thiz
The data entered

precgram is
into this
on

number ¢f occurences

used must be numbered consecutively.
covered the periocd from 11 Sept.

used for determing five-day moving averages.

program must be in the ferm of the
each.ol a series of cates. The dates
For instance, my data

to 10 Oct. The dates in Oct.

had to be changed to run consecutively with those in Sept.,
so, since Sept. has 30 days, 1 Oct. was called "31", 2 Cct.
was called "32", etc. The start date is not important, so the
cates in Sept. remﬁlned unchanged.

Since this program determines five-day averages arcund a

certain cate, the first day for which a five- dav average can be
£iven iz inc third cbservation day. When the computer asks
"WFIRST DAY POR WhiICH YOU WANT 5-DAY M.A.'S=?", the third day
cf cohservation muzt ©be entered.

1@ PRINT "E-DAY MOVING £VIRAGBEDM

1 LET V=@

iz DIM X (3

o FRINT

S ZHINT "FIRBT DRY FOR WHICH YOU WONT -5-DOY M. R.78=%:

S5 INPUT M v

4 PRINT “%QST DAY FOR WHIZH YOU WANT S-0AY m.fA.YE=":

45 INDUT N

n : T : L1 1} :
Yo THEN 1z

1 B=Y LT+ X (=10 +X (7 -2 +X(I-3) +¥ (I-L)

1@ FRINT "S~DAY AVIZRAGI (ARDUND DAvY'iI-23")="3A/%

S NEXT I

138 END

rrogram 2~ Kruskal-Wallis Test.

This program performs the Kruskal-wallis Test. This is
= test for the significance of the difference of more ithan
1wo population medians. To simplify this program greatly, it
wz2s written in such a way that it asks for the ranks of the
jtems in a sample, rather than the ranks themselves. Ranking
1e 4 simpre yprocedure. First, the data are divided inte groups,
according to the sample they belong in. For instance, when I
conmpared the numbers of hawks meving on davs wit) high, medium,
ind low congbird abundance, [ wouwld sorerats my datz into three
Jintoy nian senebhlira abundone G I, cargd Tow. drosacn ot




WouLn Lo Los nuwnver of hawks occeurine on eacrn aay with the
rrayer aisociaten level of songhbira abundance. Next, &ll of

the data (numbers of hawks) from all tnree lists must be placec
in ascending oraer. Finally, the datu are ranked. This involves
assigning a number to each datuwr, reflectinag its order in the
ascending list. For example, the lowest number of nawks from
211 ilhree lists 1s given rank 1, the szeconc lcwest, rank 2, etc.
in the case of ties (ie- two days with the same number of
hawks), all the items involved in the tie are given the

average oI the ranks corresponding to their positions in the
single ascending list. If, for instance, 1 had two days with

& nawks, and these days occupied positions seven and eight in
tne ascending list, both would be assigned rank 7.5. Once these
ranks are all assigned, they are substituted for the data in
the seperate lists (ie~ those of numbers of hawks on days with
varicus levels of songbird abundance).

The computer will ask for the number of samples (3 in the
above example) and the size of each sample (the total number of
items in the appropriate list). Then it will ask for the ranks
of the items in each sample. Finally, it will print out an "H"
value. The significance level of the difference between the
populations is found by using a table of Chi-squared values
using one less than the number of samples as the degrees of
freedom,

pRINT PHRUSHAL-WALLIS TESsTH
DRINT -
LET B=Q@ :
LET ORI =

LET X=@

DIM Xi2@),Y(Z%)

PRINT "NUMRER OF SAMPLED=":

36 INPUT Z

4@ FOR I=i1 TO I .

=@ BRINT “"SAMPLT 9: 7

&2 DRINT " GIZEZ=":

7@ INPUT N(I)

82 FOR J=1i TD N{I:

3@ PRINT RANH " Jy =ty

1R@Q INPUT YD)

13 ROI)=RIV+Y (T

{3 NEXT J

140 LET S(I)=R(I)™“3/N{I)
16@ LET X=X+5(I)
172 B=R+N{(I)

18@ NEXT I

190 LET M=(1&/7 (B (H
@@ PRINT "H="iu
Zi@ END '
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Yrogram e Figsner-HBehrens Test.,

This is a test for the significance of. the difference
butween two means, used when the two samples involved have
unegual variances. The Mearn, variance, and size of each sample
must be celeulated first., The result will be & "DY yzlge and
& "Theta" value, These are equal to the "d" values and "O" values,
respectively, as used in Campbell (1974). These values are used
in a table (A14 in Campbell, 1974) 1o determine significance
¢” the difference between the means.

3

PRINT "TODOMUV-TEST 0F DIF OF wmopas WAUNEE ML VARIANCEG® |
ARINT

PRINT "gampLE :n - e

PRINT "  MEAN="; = ™ - o

INPUT A

PRINT " WARIANCZ="

INPUT H

(o} T 4o

|2 I N
YIRS NI N S

WO~
)

U PRINT v SrzEan,
ZOTNPLT '
192 DRINT
i@ PRINT "SomMplLs oo
IE® PRINT * MEAN=",
1EZC INpUT & '
L

149 DRINT o VARIANCE="
S5@ INPUT =
16¢ PRINT »
T7ROTNDOUT M o
14E D=(QWC)/SDQ(B/N+E/N),
SURL(B/N)Y / (Z/w)y)

SIZE=",
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