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believe, 

motives are entirely irrationa~. 

-Niko TinLer~en, discussing fre]~ 

research in The Herring Gull's World 

PURP()SE 

The m2in purpose of ' this enti're project is for me to 

'c"rry out a biological field ost udy from beginning to end. This 

includes planning and logistics, b;:;cKgrc1und research, field 

rc~carch! data analysis, and presentation o~ my resijltr, both 

to t.he scientific community and to !T'ore gE;neral allGjencc2. -Le 

r' .. T:"ose 0::' the field research itself W~-jS to >,,;-:r!: more: <,~b':'ut 

:r.i;:';-'~'tory behavior in hawks, and te' try -loO a}rJy v:hat :. cC'ulc 

10~r~,from literature 0ri the subject to w~at 1 coule Se~ in 

the field. Also, by going through the process of data analy~i2 
1:~y:::rel:f, ~ i;cped to gain a better'understanding of the actL<22 

meaning ci the presentation of data in various pape~s. 

The h~bitat chosen (a barren off~hore'island) to ca~ry 
cu~ t~is study in was very differen~ frorr those typically used 

~. . '-

iT: studies 02 :hawk migration. An e,fj~ort was made tocomr<ore trc 

IT,ir:r.;ticr, in this habitat tc that in others. This ha-Dit2t 

yiellicJ to~h different proportions of tn~ various sp~cie3 

jl~v~'}ve(i; :~nd G different aspect., of ndgrator,Y beh,avi{)r. 

IJOGTST TCS 

l''iatlnicus nock has a U.S. Coast Guard l:ight St:::.tion on 

'it. Thus jOt was !1eCe~JSary to get the Coast :rll;}rdl~) <111}.1I'ova1 

. [;t..:'::()re usint;tne is]and for, this study. J..J:::c, the Nat'LAudubon SoC'. 

~;;,<i\'n ',;l!,'c1JP'h(.)vt !''le sumr:'.er v-:}:i']r' 2~11d.ving tn" sC;:'1bjros , 
7.! ~, t j)j I" : f ,-.:", e. if n ;, ::~ i 1. \\' ,::1 :.~ ;; 1 sen , .. C " ~; 0;; }'~' t. (, t- r: 'vaT' pro v 1-'-1 

.. ' .. 
;" , ,: Jim, , ' , 

t-; ) ::; [3 C e 1. 1 n f-. 
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;.',,(' rr,tlTIths. 'the f.inal jogis't,ic:;.i ,;::'ol:dem was (jcLuall,y ,gettinr 

:,~~ Lnc jsland, which j:?'ovf.'d t,J rJ(' very fr'u:.',truting. 1 '",',.:,. .. 

);i&ina.Jly planning tc go out on 'Lnursww, September? 1'he 

C>-,;::st Guard in nockLine (where the boat .1ea·:es from) told me 

to callan Sept. 1 and check to see if the weather was looking 

favorable. In bad weather, it is hopeless to try to land at 

Matinicus. When] called on Sept. 1, ] was told that the boat 

hud just left and another would not leave till the 9th • On the 

ninth I went to Rockland early, to be sure to not miss the 

baat. The winds picked up as the boat was preparing to leave, 

so the trip was postponed till Friday. Luckily, the Coast Guard 

Ilersonnel wai ting:to go out on the rOCK offered me a place to 

sleep for the night. On Friday, September 10, I finally made 

it to f\'~atinicus (in this paper, "T-..jathlicus"=if:atinicus Rock). 

STUD,) M~EA(S) 

Matinicus Rock (43°47'N, 68°51tW) is a thirty-five acre 

lreeless isJ:';'YJd t'.venty-one mi.les ]~rc"', the closest mainland, 

a~d seventeen miles due south cf VinalHaven }s]and. Clustered 

at the southwest end of the isJand are the buildings of a 

~.S. Coast Guard Light :tation (see Figure six). Although 

much of the island js eXT'csed rOCK, t.)'ere iE a good deal of 

vegetation. The tallest of this, however, is barely more than 

six feet tal: '(rushes and cattails). Most of the vegetation 

is under eig~teen inches tall. There are many small to large 

perr::anent "puddles ll scattered over the L:~land. On the southeast sine, 

the island dro;.s down stee ply to t'1e wa1.r.: ~, whi 1e cn the northwest 

side it slopes down to .:3 "beC1ch" mad'? VI; of wave worl~ rOCKS uI 

,to a foot in diameter. There is a high ridge running the length 

of t'l~ isla:;id along 't.he ::lea side, and 3maller l'~dges running 

across the island. ln several areas there are "boulder piles"--
area;3 with large boulders strewn about. 
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River~~ C:;.:itllf:red h;:l'::k j~j~,:1, j~; Blip;rltly fCtrther [row rn;.!inJ;m:1. 

It is much smalle:' t:J;..:.L iv,atlrdcu::!, covering only fovr acr'(~S, 

:inc a Is 0 h,:iS Ie !]S v f= gc La tj un. fl.l though there are 13e v t::ral 

islands within five to ten miles of Matinicus, ther~ are none 

within ten miles of jV:DR. 

Green~s Islan~, where John Drury gathered hawk data, ~ 

very different frorr; both TvJatinicus and MDR. First, jt js less 

than half as far from m~inland, and, second, it is not as 

barren, having a good cover of trees. It lies off the southwest 

corner of Vinylhaven Is. 

Beech Iv'jountain can" for all practical purposes, be considered 

a mountain on mainland, though it is located on Moun~ Desert 

Island. It is probably the best spot on MDI for observing 

hawk migration. Figure seven is a man showing all four of 

these sites • 

• S 16 2,0 
, ! 4 :::::::). 

Figure 7. A map showing the location OJ' A) Matinicus Rock, 
B) f'iiount Desert ROCk, _C) Green's Island, and 
~) Beech Mountain. 

JUdd 

METHODS 

Evidence of migration is obtained jn two ways: 

(1) by directly observing birds in flight and 

(2) by noting t.he fJuctuations in numbers and 

species in an area. 

-Mueller and Berger, 1961 
1 vtj}jzed both qf1:-he 800ve Tl:ethods in my study. Both 

2 22ibill liil22 [[ 111 1£ ILL £ II & Ita mil flill ,f 



• 

J 

in counting s(m.i-',bL ... ·UtL 'PH:! fi'!:'si thjng 1 did ertC~l rnorninr; 

(betv.'een 07()O ana " ~j()(J) W8,S to l~ok ,iround the i31and. 'l'his 

r3nged frofT: !3L3nd.',ng next t.o trw fJ.1Jdubon house for ten m1nute~; 

vdth birwcuLH's tc; c;t thor(luf,h coveraGe of the whole .~sli'lnd on 

foot, clipboard in hand, taking as much as two hourf;. After 

breakfast I'd begin my formal observations. Formal observ3tions 

referf. to time when I did nothing but Vlatcr~ fur passing hav:ks. 

Equipment used during these observations included a clipboard 

with a data sheet and a bli'lnk sheet, wri ~dng instruments t 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 all the hawks, ~jth their 

various plumages, down the left side. There is a space in the 

top left corner fc~ ~he date. Figure eight shows a section o[ 

a sample data sheet. I used fifteen minute time intervals, which 

worked well. Each hawk was marked off using a slash (I) or a 

dotted slash C;). 'rhe dotted slash was used to represent a 

huntjng/resting hawk. This is a hawk that 1) caught some sort 

of prey on or over the island, 2) attempted to, or 3) perched 

on the island. The pur~ose of this distinction is'to seperate 

t~o3e birds t'1at only pa.8 .. :; ely the island from those that use 
, 

the island in some manner. If a large number of birds flew over 

in anyone time period, the number could be used on the data 

sheet instead of s)".:.sh marks (see Figure 8A). Circled slash 

marks represent birds that appear to be flying together in a 

group. 

lJ.o-n<: '1/'/8]. l;r~o tz.'fS \ "TI>'IM.. (, ... ..,.,.. V I %.'t> I?IO I~r( I-tPrAL -nrT"Jt/-

RcP-'T'AI4n- A J , 
'f( 1\ 

J r ® / 3 :5 l('J 1/ 
.{ V I ( I I U. 

r<a>'J,,'uof>l,CP- A Ii \ 2- 2- G I 
) ----TI /7 1 /7 1'( tt~ ..j} --=:;:: --

F ' "Y. t'''"': -" • • 1 ...... 
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/,fter fini;;hjng my f(.'rm({l ()h~)(:rv;;tion:~:'(J"f' ~1 day (tn;ua~~.v 

one to five hOuc;;), ] \\'ould ;·;kip:: ceJumn an,::! w;e th(: next 

two columns for daily totals (see fiS- SA). The first daily 

t(ltal is the total seen during fo'-rna] observatiun 'd:ne. 'j'he 

~~econd is that plus "incidental" oi)servations of ha'NKs. 

Incidental observatiuns are those .h;~v.;ks seen while J was doing 

any~hing but formal observations. Finally, on each daily sheet, 

I w(luld skip two more columns and put in a running total of all 

hawks seen to date. 

Another way t~ese data sheets are useful is for keeping 

daily totals (see Figure BB). Gn this sheet (or sheets) the 

dates and hours spent observing are wtitten across the top 

in place of times. Then the daily totals are ~ritten in. 

Incidental observations are put .in parentheses. 

The blank paper on the clipboard is used for other 

observations, comments, notes, and a IIrjirectional diagram." 

This is a diagram showing the direction taken 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 jou~nal for the 47 days ] was on Matinicus is over go pag~s 

long. Additional notebooks were used for recording all dead 

birds found and weather data. The weather data 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 

gear. 

Formal observations were made either from Mo'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 1 usually 

kept a spotting scope set up. Although Mo's Tower offers a 

much higher vantage point, it is placed too clese to the 

southwestern end 01 the island, mR.king it dLfficult to spot 

small hawks at the far end. So the majority of my observatians 

were made from a hi~h spot in the center of the jsJand. 

1 confinE'd rnc>::.~t of my fn:'mal observi-!tL-'n tjrnp beLwer'n 

0 0 00 :~no 1)')0. ::,Vf»: \,(jP':-:] \I:,c~::)!l't rc1rmally (J1:servi,'-w" 1 \,',i~3 

" 
, '''.:"( -~. ,-. ~. ~ ~ '.' 
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conGtant1.v \';:1tc~:in{; fo:' ',,,"J',:~. 1: is very unjjkely t'l:~:' 

co u 1 u b a v e rr;j s:.:; e d m~Ul y h; i ' .. !l~ ::.; • 

My d2t~ were analyzed using either the College Of the 

AtJantic's DiGj t31 1 DP11 or a :~inclair ZX81 horne computer. 

The JJroJ?:r~~rnc~ I used "erE! ej ther taken from Poole and Borchers 

(1 Cn7) or were written mysp.lf, using Campbell (1974) as a 

sLatistical reference. Listi~gs of the l~ograms that I wrote 

are included in Appendix D. The statistical tests used are 

described below, as they are mentioned. 

RESULTS 

Hawks 

I spent a total of '47 days on Matinicus, from 11 Sep to 

28 Gct, 1982. Durinr; that time I saw 320 total 'hawks of seven 

species, putting 51.5 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 fr6m 11 Sep to 12 Oct 

are considered the hourly average is 6.3 and the daily average 

is 9.8. 

The solid line in Figure nine is a rIot of the total 

hawks seen on each day. The mean date of migration was 23 Sep, 

wjth a standard deviation of 7.9 days. The peak day of migration 

was 19 Sep, with 39 hawks. It can be seen from Figure nine 

that migration was already,under way when I arrived. In the 

six days betv."een 16 Sep and 21 Sep 128 hawks passed Matinicus. 

This represents forty percent of the total hawks in only 12.7 

percent of the time. The dotted line in Figure nine is a plot 

o! 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 Sept with a standard deviation of 7.2 days. It can be seen 

that both plots in Figure nine have two peaks, one nearly two 

weeks later than the other. This second peak is partially due 

to the later migr~ting peregrine falcons (see Seasonal Timing 

of Migration, beJow). Figure ten shows the same two nlots as 

in Figure nine, but considerinG all hawks except peregrines. 

note t.n:,t the mea r ; date cf mi8r~ltion in both hawks l:er day nnd 

five-day moving <-,veraGes i:..; a day earlier, ;~nd the standard 

devjatjuns are sJjr:~Lt]~: le[;s v::itil r:eregrineo removed. Figure 

•••. IIUllIdISI. 1II!Xllli IIUIlJil_::sIlS ___________________ • ->~---------~.-- .. ---. 
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remuving !'f::r<.::erinc~.: 1.:i tu LJwer the second pesi<:. Alsc, notc, 

huwever, that thi:-.; ~~(7c()nd pCRk Lm't eli_minatec, just reduced. 

] had acceSE to data fro~ a total of four sites. At Matinicus, 

Green's, and MDH, t he data were either -collected myself -or I 

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

Beech Mountain were taken from Currie and MacRae (1980).-r 
have two yeart:: of hawk data from MDH. "MDH1" is the data from 

the fall of 1982 lJnly, whereas ItMDRII" is the compiled data 

from the falls of 1982 and 1981. Fieure 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 be similar. Note that the mean date of migration 

(22.1) is nearly identical to that on Matinjcus without peregrines 

(22.3), ana the graph still has .a double-peaked shape. 
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Figure 12. Total hawks ner day, all island sites combined. 

Weather and rGigration. ~eather variables have often been 

related to hawk miFration. The eff~cts bf different weather 

v.:.riables 'na.ve usu;~11y been looked at independently, though 

1\j sbet and Drury (1 <J68) published a paller on the effects of 

weather on migratj-.n u:-)ing multivariatE:' st;-3tistjcs. Due to 

the srnal] size of m,,- samples, J cannot ,1se such statistical 

tests, so 1 will .,~nJ.yze each v~11'jable individually.. ]t .i~:; 

ir!:f(lrtant. to rerne:;cc curi!1!~ :,:'(' folll.'v,ini:' di:.5Cl;Ssi()Tl that, 

:nd , 1 I) ..' i, \ '. !')..' .,' .. ~ '\ r' ('"'. of ~'.') :". ("l '11""\ F' .:~" t 0 
'.. ~"'., ,. '.' • ... .. ,. . ~ J \,.,.#,::, I t .,i'-'r;l ficrtnt' 



, v<,lriables are m'1(J':: in t!.'· t,r)j:; ~~~.;iListically descriptivf' ;.)~;n;:c 

only, and do not rlecess31'ily irp'}';l.v cause .... and-effect relationships." 

ln other words, just l,'eC~;\1se (fur instance) the assuciation or 
migration with we~;tpr1~r winds is ~;~:-ltistically significant, 

it cannot be statcd rlS Ci fact t h;-. -:~ 'tJcsterly wind s cause heavy 

migration at Matinicus. 

Mueller and Berger (1961) state that weather conditions 

at the point of deJ\arture are jmportant in tbeir relationship 

to migration, but, unfortunately, birds are rarely seen 

departing. Matinicus provides a unique 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 ~sed nonparametric statistics (Haugh, 1972; 
Campbell, 1974). These tests include the Mann-Whitney U-test 

for two samples ~nd the Kruskall-Wallis Test for more tha~ 

two samples. In both of these tests there is no need to 

assume that the data being anaJjzed are:Dormally distribute4, 

which cannot be assumed for hawk migration and weather variables. 

The l\1ann-Whitney U-test is 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 

(~960) 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 Berget· (1961) and Haugh and Cade (1966) agree that 

rajn generally stops migratjoD. Evans and Lathbury (1973) found 

that rain did not stop the migration of black kites, although 

it did ston that of buzzards (buteos). Thev also state t~at 

heavy fog grounds migrants. 

A few potential problpms with this correlation at Matinicus 

must be kept in mind. First, the observer's efforts and 

effectiveness on f;1,ch days i~3 much reduced, ... ,thich could le~d 

te' rnislr-'ad.ing coun~_s. fl.Jso, :i~. sp,"'~ns ()bviou~-) ~~:8t bjrds fIYl'.g 

1,', " , . . . ). 
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to SC":' it. 'j"'jUS bil'C.3 could be flY1n2; by, but missimj 1~;:.;t.ir,i(~:J;~, • 

un the ot he r hand, ha wks that wer'? (H) the island 'tJ hen the few 

rolled in reniainE(i lIn tite island until it lilted. 'l'):is f)upl'ort::, 

the ide~: that rain rtnd fog exert c:. ;-7,trong influence on migrnt(ll.'Y 

behavior. 

In figure nine, the days with extended periods of fog 

cind/ or rain have been mar~ ed. It can be seen the. t, u!~ to 

10 Oct the days of very little to no migration are the same 

as those with fog/rain. After 10 Oct there are many clear days 

without hawks, but this apparently representE the gradual ending 

of the migratory season. 

For the period between 11 Sep and 10 Oct a Mann-Whitney 

U-test wa2 performed to compare days with fog and/oi rain to 

those without. The mean number of hawks with fog/rain was 3.57, 
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 Kruska1l-Wallis 

proced ure, the di i'fere nce was s igni fi cant at the .001 leve 1 

(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 from 11 Sep 

to 10 Oct was used in the rest o~ the analyses of weather 

variables, since it is likely that, after jO Oct, the gradual 

ending of the ~igratory season would have an effect. 

Dean and Amadon (1968) state that the largest fligbts of 

hawks occur after bad weather breaks. This is because the 

hawks Cire held ur by extended }leriods 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 

major peaks corne after periods of bad weather. 

The effects of wind direction on hawk migration have been 

studied more tha~ those of any o~ner weather variable. There 

is S,',HTJE' qm~stion ;';:i to whether wind direction affects the number 

of havvks mov i ng o~' t }le concent rat ions 0 f bi I'd s at certai n 

pOints. La,cJ" (196() :::.aYf3 that "vdnd rlirection influences I,he 

direct jon but not l'lt'c:cssarily t.he voi:mTJC o~' rr.iFration (thoul:'l 
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directioLlrll1 rr,igr;::tion found by Iv]ueller and Berger (196"/;1967); 

Haugh anrl C3.dc (1966), Allen and Peterson (1936), and Ferguson 

~nd Ferguson (1922) wculd a]] seem to support th0 wind drift/ 

leading line hypothesis. In all of the above cases, t~~ wind 

diY"ection most strongly correlated with large migrations was 

o~e that y,'!)uld tend to dri ft hawks toward. the coastline or 

shoreline involved (Atlantic Ocean and westerly winds for 

Allen and }eterson (1936) and Ferguson and Ferguson (i922); 

western shore of Lake Michigan and westerly winds for Mueller 

and Derger·(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 be noted ttat this could also explain all 

o~ the correlations mentioned above. 

For my d~ta on wind direction, I divided the compass 

into the eight standard points and compared hawks ~er day for 

e2ch. Mann-Whitney U-tests showed t~at the difference between 

flights 0TI all days with a northerly wind component (9 days) 

and those on days with a southerly wind component (4 days) was 

not statistically significant. However, the difference in the 
\ 

movements on westerly winds (7 days) and easterly winds (9 day~) 

was significant at the .05 level. The mean number of hawks per 

day op westerly winds was 23, while that on easterly winds ~as 

11.11. 'This ',,;.ould :::eem to sU}lport t.he theory of wind drift. 

ether comp2risons showed no e.ignj ricant diffc·r-ences. 



• ~jgur~ u3~d by Muell~r~n0 B0~ger (1?G7). Very ljttle can 

l' eve ;, .:; (~ P 8. t t ern. 

0-5 

6-10 

II -2.5 

figure 13. 'fne e!'j'ects 01 wind direc'tlon ann ve.iocity on the 
hawK migrations at Matinicus. The radial lines enclose 
22.50 increments of wind directions. The concentric 
circles 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 

mig·r-ation. Haugh (1974) and Baggs, et al (1950) agree that 

migration is strongly associated with low pressure areas. 

Since I did not record the passage of lows and highs I h2ve 

no information to ado here. However, I did rr:cord t'he rr('ssure 

every three hours, ane J. can thus comparE:' h8.wk movement s w j t h· 

general rising or falling barometric trends. 

H8.ugh (1972) and !'f;uell.2!' and Berger (1961) f'lave as;.~ocjated 

:a}l fL.f)1t~; with;; rj~~jnF~ b:'1Y'omete!', '.,>,hile dc.tUl;h ("~S72) :1r:o 

----------.... - -------------.. "~~,,~-~ *1WIIlJ' 
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falling h:-.;'\)m~!"8r. J ;'In(d.v;I,(;(j rr:y dat.:: by Joov.ing ::i~, trenu:.> (lvt";!' 

the 24 hou[';:i prr.·ccding e;'lC~j day's m,i,f;ration (th(; 1030 b;:i.coll!"t,er 

reading) ;il"Hi div:iding t:l( ,jays jnt,c t:wc groups ;-iccording t(l 

whether the barometer w~s rising (9 day~) or falling (7 days). 

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

the numbers of hawks associated with each Rroup. 

Note t'rlat a1 though pret;~>ure 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 ~o say that a bird flying from the ground to a tall 

tree top would be subjected to a pressure change of greater 

magnitude t~an would usually occur in nature in an interval 

as 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, 1966f have been found to correlate 

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 a 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) 

fo~~d 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 because a lar~e 

percentage of the hawks involved in both of the· above studies 

were buteos, which depend on tl1ep~;a1s during migration, which 

form more readily on sunny days. Most nf the hawks at Matinicus 

were fa1cons, which do not d·-:::pend on soarin€: night. 

-.------",. ~·..,.------~~--"".!1IOtQm~----"---"'-_____ _= ___ ..... i_" .... 1),..!Ui·.~ ... '_""'f ......,,..,. .... ~ ... · __ I··I 



,sepl,err,lwl' fJieht.3 j~: the invariable 81!pc8.r;,mce ('f the bu1k (lr:: 

cay's nl:igc8nts bt:1.v.'e'::?n nine and el,:'ven ;,.:\1." (~~:'[)W~, 1r;'3~,). 

r~l.lellpr and J~e['ger' (1973) and 1:3vgh .<:l.nd Ca(it7 (1966) f(lvnc 

that there was a gencra] mid-morninR peak of hawk numbers. 

Thr:y further founa an early lflorningr1eak for accipiter-s, a 

]a~e morning peak fo~ buteos and an early afternoon pe~k for 

falcons. Ir: Europe, Berman (lnc1 Galea (197t1) found an afternoon 

peak for all species. The flights on Matinicus peak in mid­

morning, as shown in Figure fourteen. I spent 51.5 total hours 

observinG, of which there were no hawks in 30.5. 

)? :z ,0'1'·"""" ""6AN roof" 

cJ = 2.0 (o.s IIA .vr~"V44..> 

~~~~~~~~L+~~~~~~~-~~i~I-Tl~~:-LIl; I:JL 
0830 O~OP, (9)0 'GOO. IQ,JO 1100 "3D Il64) u.,iD IJDO 'I/'DO 1'130 1500 fS¥,~ 

Figure 14. The daily timing of hawk flights. 

Seasonal timing of migratjon. Figures 9, 10, 11, 2nd 12 

(pages 46 and 47) relate to the seasonal timing of all migrant 

hawks. The migrati0n of hawks at Matinicus in 198~ appeared to 

be centered around 22 or 23 Sep. However, the mean date of 

mie;ration c..s.t MDR in 1982 was 26 Sep. :Figure fifteen represents 

th~ movements a~ both Matinicus and MDR. Bot.h graphs show the 

same double reak. But at MDE] the second peak was larger, 
whereas at j·;atinjcus the first was larger. 

Hcfslund (1?G6) found th8.t. t.he seasonal migration times 

01 all species were fairly close, whereas Titus and Mosher (1982) 

;-1.nd Haugh (1972) found that t here were d j fference s between the 

:::j ,'.rdti,.r::. ~ . 
\. ~1F rn,; j !! 
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21 1".1 2"3 ;:op, VJhi J.~ that of pere[;rjnc~s Virif:, centered around :; 

0ct. Using a test of the difference of means with unequal 

\' ;:i r j -'-l 11 C e s (:3 i m i 1 a r' t 0 a t - t est; see C ;:;[rq:: 1 ) '3 11, 1 '97 4 ), the 

Ji ff'2I'CnCe between the timing of peregrine:::; <.!nd that of all 

other species was statistically significant at the .001 level • 

12 • 

• 
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:: 
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Figure 15. 
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Figure 16. Sharp-shins and merlins at Matinicus • 
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.,~e(lS()rla.·~ tirnjng of ITJigration ';i;.S also ~DeerJ related to 

maturity. I,wong the peregrine.s p~~ssjng Matinicus in F l82, trw 

mean d;lte of migration for adults was 28 Sep, whjle th8.t of 

jmmatuc~~; was 4 Oct. However, due 1,(, the large stand'-.1rd aevLlt,j:;r::; 

and sm811 number of adults, this difference is not statistically 

significant. Berry (1971) found that adult peregrines made up 

~ much larger percentage of the tot8.1 in the first half of the 

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

Differences i.n 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. Peregrine falcons, for instance, made up 14.5 percent 

of the total, whereas on Beech Mt. they make up only 0.5 percent 

of the total. Table 1 lists the percentage of each species seen 

at f01IT different sites. A chi-square 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 (X2=114.984, d.f'.=24) • 

TABLE 1 

% of all species at all sites. 

~)pecies Matinicus MDRII Green's Beech 

Goshawk 0.3 0.3 0.2 
Sharp-shin 33.8 22.3 60.6 68.3 
Cooper's 0.1 
Peregrine 14 .5 16.3 0.6 0.5 
f'1er lin 36.9 31 •. 7 2.4 2.0 
Kestrel 9.8 22.7 28.4 17.3 
Osprey 1.2 5.0 ** 2.7 
Harrier 3.4 2.0 6.5 A.? 
Hed-tailed 0.6 ~ ". 

1.0 

Bro8.d-winged 0.3 2. ; 
Red-shouldered 0.3 
Hough-legged 0.1 
Bald eagle 0.2 

*i<_ No data on ospreys was gathered at Green's. 

BaSically this difference can be explajned by looking at 

the migr~ting behavior and physiology of each species·and the 

naturp of each observation site. Th~ four observation sites 

r:<:"l.r; he div,i";t"d jnt'; thr(>c> ~i.ffel'pn· c'I'>Cq.-"" f)'r.>nCtj "'Jt .",," \-I.,,... . <I" \ ... ~ ... ~Jt, ,_ f·~~., ••• t.,. ,~."' ... , 1" ., CJ..} IC~V 
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b(:r:n rn~ntion~:d, c;![; be cCIIsiuered Zl. fliinmt:lirl 0r ' t.he rnainl::1.nll • 

'1'hi8 fir~-j1~ CJriS:-: '..,ri:1 he called "coast:3.1 rnolmLains." Green's 

Islrimi r'cl,re::3ent:::, the secund class, c()n:.~istinG of wooded inne;' 

i31cln<i~3. ~'he terms "wooded" and "inner" are both important in 

determining the composition of tlw mi~rants, as shall be seer;. 

"Inner ll is used in comparison with the remaining sites, since 

Green's is only about half as far from mainl;~nd ciS Matinicus and 

MDR. The class of site represented by Green's will be called 

"inner jslands." 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 Jines, 

then Mueller and Berger (1967) would say that hawks could be 

attracted to 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. A1so, it appears to provide conditions 

favorable for soaring flight, probably in the form of deflection 

currents, though thermals may also be present. Inner islands" 

may also be attractive to hawks for several reasons. First, the 

fact that they are ~nd amid water provides hawks with a place 

to rest. Also, songbirds stop 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 

Coastal Mc>untain~ 
Inner .I E;l ano s 
: 'lJ t e 1~ I c 1 : i n ~ is 

:"\j stance 
from 

fY1ainland 

('-Hi mjJes 
1 ~,-? ~~ lfdJes 

Soaring 
CCind. 

Yes 
No 
]\;C 

Tree 
COV. 

Yes 
Yes 
Nc 

Yood 

Yes 
Yet; 
Y C~; 

. -- -'''"'~-' --~-..... _ .. __ .- .. _-_.-
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2e 'if? hitieste ,&rCeMrWf'e,,,.mZwrrurtt 

Character.istjcs OJ' h~Vlk groups. 

Hawk eroup WinE, Wing l:'~' ferred Feed 
Loading Slotting i-l3bitat During 

Mig. 

Falcuns High None Upen Yes 
/\ c c i P j t f:? r s Med. Med. 'l'I'ooded Yes 
13uteos Low High C)nen/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 

De seen from Figure one (page 12). Poole (1938) published a 

paper on weights a~d 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 weight class. For instance, in the 1200 to 1400 

weight class, the wing loading of female peregrines, representing 

the falcons, 'is 0.91 g/ cm2 • That of female goshawks (accipi ters) 

is O~66 g/cm2 , and that of female red-tails (buteos) is 0.57 

g/cm~. Thus the falcons have the highest w~ng loading, the 

accipiters are in the middle, and buteos have the lowest. 

This relationship apparently holds within anyone 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 

ctnd li IJl;id on (1968) ment i on th.:'i t even species whi ch se ldom soar 

~iJl do so under favorable conditions. As can b~ seen from 

Table two, soaring birds would be most attr~cted to Beech Mt., 

8..nd jn fact, the percentage 01' buteos at Beech Mt. is higher than 

at any ol.her site (s~e Table four). However, this percenta~e 



!' i 0 un" ::i j n , j 2. • ( see '1' (1 b 1 c ;:; i x ) • 

'i'}, BLE a. 
l'ercent~ges of hawk groups at site ty~es. 

HawK group 

Falcons 
Accipiters 
Buteos 

% of 
total (g 

C)uter Is. 

65.8 
28.5 

% of 
total @ 

Inner Is. 

31.4 
60.9 

1.2 

0' 
70 of 

total @ 

Coastal f\Jt. 

19.8 
68.6 
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; wat·er. Many 

writers have observed that soaring hawks are almost totally 

unwilling to cross expanses of water. Similarly, species with 

basically flapping flight cross water most readily (Brown and 

Amadon, 1968). Since falcons make the most use of fla:'ping 

flight, they should be the most willing to cross water, with 

, accjriters in between. Haugh (1972) notes that "unlike most 

hawks, the peregrine seems not averse to flying over water 

curinE migration." 

Referring to Figure seven (page 42), it can be seen that 

Ee~ch Mt. is ~ffectively on a penninsula. surrounded by large bays 

to the east and west. This may be the factor that. limits the 

Dumber of buteos at Beech. Similarly, the willingness of 

faJconsto cross water may contribute to their high numbers 

at the outer island sites. 

The preferred habitat of each grou-p may also influence the 

numbers seen at each site. This seems especially important in 

distinguishing between outer and inner island sites. As can be 

seen from Table four, the percentages of both falcons and 

accipiters at these two site types are very different. The 

accipiters are basically forest birds, while falcons are birds 

of open country, and this may account for the differences seen •. 

Feeding beh8vior during nligr~tion may also be <-in important 

factor. Although songbirds are present at all sites, they are 

most vulnerable at the outer island sites, due tp the lqck of 

cnve~ (se0 discussion 0ll vulnerability or pr0~, pa~e 8). Thus 
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to 1,;If: ou~,,=,r j::..;; :,.:.nd.:; for thi:, reaSOfl. 

Newton (1 CJ7:;) sa.\'0 trial ,soaring h:iW)..; specie;::; rn;-iY f;~st 

OJJ migrC-ltjon. lJe8hy (1982) 8gr8e~) i"ritlJ this, st2tjng that 

s08rjnp :r:j/~rants seJdom feed en runte. Thir, w()uld rrobrtbly 

mean th~t s02ring hawks put on weight before migration, and 

drrtw un fat reserves during migration. Newton (197q) has 

suggested that this habit may even have adaptive value, since 

fastj,ng would lead to reduced weight, wh!ich would lead to 

reduced wing loading, which would reduce the bird's energy 

expenditure, since soaring would be easier. 

I'!;any resea,rchers report that falcons and accipi ters feed 

during migration. My own research shows that 71.3% ~'-the hawks 

seen during my formal observations stopped to hunt/rest on 

the island(see METHODS, page 42-43 for a definition of 

hunting/resting hawks). This is in sharp c'Ontrast to Beech 

Mt., where very few birds are seen hunting. 

So, 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 eff'ectively in wooded areas as in the open. 

Thus, they make up a higher percent of the total at Green'S, 

where they can hunt and stay with their pref'erred habitat, and 

an even higher percentage'at Beech, where they can hunt, stay 

with their preferred habitat, and utilize updraf'ts. 

Table four is a comparison between the three sites. Using 

a chi-square test, the differences in the compositions of the 

migrants at each site is statistically significant at the .001 
2 . , 

level (X =51.2954, D.F.=4). 

Since MDR is 1) much smaller than Matinicus and B) more 

isolated, I have to question my grouping of them as one site 

type. Table five is a comparison between MDRII and Matinicus. 

There is no stati.stically significant diff'erence between the 

two, whjch seems to support my grouping of them. 

Although I am comparing three classes of sites, there are 

probably others. Hawk Mountain (Haugh, 1972), f'or instance, 

"wuld n"-J; fit into any of my classes, L;C t>:i5 would he 3. 

.. ( ,.., , "' I' ) " , ' p, T , .. ' " ,,, 1, (' ,.... ,c "-' S ' n ' ': 1'1 Q I,'" () '\)' \ I ' :" 1 11 <~} , , '" 'r '" ., ~ • ',. "- "" \_ l' .... ,~.:") ......... \... • I \,.......~. ••. ~ '. 



rj·;\!f-: t.u ,-'r·():j:.~ wat(::' te' ,r::et t() the ~3jt(~ fror:: 2-.:.r:.\· :jircC'tjon 

(JYlli 1';0 ly:cch Mt.) ::JCl there i:3 a much hig!Jer I el'c(~n~age oj' 

hut-po::;. ';':3tJle six is H. comrarisoD between B~ech rV;t. ~nd Hawk 

;;~., :,H)(J Lhe difference h, st~3.tjstieall.v ~:;jgnj Cicant H.t the 

.~)Ol }r.veJ (X 2=110.S64, D.F'.=2). 

TABLE 5 
1'ercerr"c;ages of haWK groups at two si tes. 

Halt,ty. group 

Falcons 
Accipiters 
Buteos 

% of 
total @ , 

Matinicus 

61.2 
34.1 

TABLE 6 
lercentages of hawl< groups at two sites. 

H2.wK group 

Falcons 
Accipiters 
Buteo8 

% of 
total @ 
Beech Mt. 

19.8 
68.6 
4.0 

% of 
total @! 

rvlDRII 

70.7 
22.3 

% of 
total @ 
Hawk Mt. 

2.3 
16.5 
76.4 

"Open oceanl! 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 sen. .. The difference between the two for falcons and 

accipiters. is not statistically significant. However, much 

hjgher percentages of ospreys are seen over the open sea. 

This is probably because ospreys can feed over the open sea 

(Rogers and Leatherwood, 1981), and only have to come to land 

to rc~t. Also, their preferred habitat is coastlines, so they 

are very accustomed to flying over water. Table eight is the 

samp. comparL.-;on as Table seven, with oEpreys ':;.dded. Now the 

diffe'l'ence ..is statistically sjgnificant, at the .001 level 

(X
2
=26.1216, D. F.=?) •. Figure eighteen sl-:mvS the ,'ercentageof 

differ('nt sI,pcjes ,'it different sites. 



r:1 ... ," 7 1 jl, :;, 1./f . 

. P€rcentae(~B (I;' (H.wk groups :t1, two 

Hawk grou J.; 

}'a·] cons 
ilccipiters 
Buteos 

% of 
total if 

Cuter Is. 

65.8 
28."> 

'TABLE 8 

Same as Table 7, with ospreys. 

Hawk gr: \)r 

:Falcons 
Acc i pi t e-r's 
:Gu1.eos 
(js~""~" ~ 

J~ of 
total © 

Cuter Is. 

65.8 
28.5 

1.2 

tot a} (j 

0pen Sea 

62.0 
1.1.7 

% of 
total l~ 

Open Sea 

62.0 
1L.7 

25.3 
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the ye;I-::', :..;,nd j t jl:' only (lCC::t~,joJ1aJ:,V that WI'''; ,j(:~ ;~,rl adult." 

For ni')3t sp(?Cie:3, l.1is :jt;:tteru-:nl WOL.IJ apply at f<jatjnicus ;1:~ 

welL 'T'h,~ unly l1aw;·~s th;:;;.t J cltternf'te<i to determir~~; thp d.ge of 

\"Jere .:;h2.rp-shins, harriers, and peregrines. Cf these, only 

}Jeregrines showed a "norrn:d" age I'atio. Of those that J VJaS 

abJe to age (93.6% uf the total), 22.7% were adults and 77.3~ 
were immatures. This is equal to approximately one adult for 

every four young. Ward an~ Berry (1972) report 18% adult pereg~ines 

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

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 immatures, and 

of the sharp-shins t~at 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 20 young. 

Jf berger's (1~64) statement that individual birds 

probably follow th~ same route year after year is accepted, and 

we can assume that this high percentage of yaung 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 birds seen are not surviving 

till adult age (or, in other words, they are "experiencing 

negative selection"). Since Haugh (1972) and others ~ave 

reported no unusually high percentages of immatures (ie-the 

adul ts do migrat.e), the latter must bE.' trle case if Berger I s 

statement j s acce .nted. However, Mueller and Be rger (1967) state 

that the path purf5ued by a bird varies considerably from year 

to year. Brown and Am'-.tdon (196f;), go a step farther in saying 

that, in some species, age groups mign~te in sel'ar:'ate flight 

lines. Newton (1979) explains this by saying that juveniles 

may be more likeJy to be drifted by the wind, thus creating 

~lrti.fjci8.11y large c(:ncentrations (;:1' :uveniles. 'This would 

seem tc f~xT'lain the st~'Rnge age r:.itjos seen at rvi~~ti!dcus 
hock. 
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,-,:' the3e, 23l>'(>~'e :->ucce:-3sfuL'l'he orey ~3!:ec~e:"; C:d, be divjde(! 

in:,c; thr(~e d.i.ffcl'cn!, size c:-itegorif~s; :3:".;1~ ('Na1"':,i<;I'::-; to 

:::Fl.rr'ow~;). rTll=dium (thrush-sized), anc L~r'l~e (nicker::;, duves). 

],rnoDg a J 1 thcee small haWKS (shar'pies, rIleI': in:..-> ;:-!.nd i'u~strels) 

1C;()~:, or the prey captured was in the sma.1.1 c,-1tegory, though I 

sa",' b:"th a merlin and a sharpshin make a.n unsucce:-5sful Rttempt 

at 8. medium sized bird. Small !IT'ey item~-) composea 4~.5% of 

the successful hunts of peregrines, and medium and Jarge })rey 

made up 36.4?( and 1b.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 

Is]and, N.Y. Although dragonflies, butterflies and oth~r 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 a leach's petrel, in which everything but the legs and wings 

haG been eaten. I have no way of knowing what srecies of haWK 

ate the petrel~ or that it wasn't another predator (ie- gull). 

Fithers (1965) reports seeing a European kestrel taking 

a bird missed by a peregrine. 1 witnessed the reverse of this 

situation, in which a peregrine took a bird that a merlin 

'>/Jas having trouble catching. I quote from my journal; itA 

MERL (merlin) was chasing a warbler and a PEF: (peregrine) 

grabbed it out of the air. It appeared to be holding it by only 

one foot or wing. It dropped it, b~t caught it again before it 

hi t the t:;rollnd. II 'fhis was just one example of the remarkable 

speed and agility of the peregrine. 

Haugh (1972) says that migr~ting ha~ks will rob each other 

of prey •. Although 1 never saw a hawk attempt tc steal from 

another after the Kill, I saw s~veral cases of haWKS competing 

for the same food, sucr-. as that described above bet\\f-een a 

peregrine and a merlin. I also twice observed two merlins chasing 

t~:e same bjrd. :lr: t\-'c first inS1.:lIlCe, bot",1 hav..'ks made repeatpc1 

~toops at a flying songbird, alternating with eac~ other'. Neither 

haWK man.C-lged to c:J.tch the b:ird, as botf) finally p;ave up. 
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caught. '11. ::pI)c:lr'..!c t.e tw :, .... Tuck by [loti' .. bj!'c:3 sjrnlJltr:,n·~·:nu;-;l'y, 

1.houg1"1 on'. may h;jVC ,".itcucY. n, ::>lir;ht:i.,y earlier. l'ieither bjrd 

released the pr'ey, and trFc ~'NIJ rnerljns t.umbled to the gr('un(i, 

both :3'Ull holding the snn[,bil'c. After hittinG the: ground, (lne 

f]f:,,' ;:!W;'1Y with the prey, the ether without. feregr.lneE were 

also oj~en seen competing. Whcn one peregrine chased a bird out 

over the water and began stoo0ing at it, others wouJd join in, 

2.1 terna te ly stooping at the scng b': I'd t ill one caught it. I never 

saw pereerines "fight" for prey the way the two merlins did, but 

I saw two immature peregrines harrass and beg from an adult that 

had captured a flicker. I have no way of knowing, of course, if 

the three birds we ['e 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 t~em away. 

'1'he feeding behavior of inoividual species will be disc,J;;'sed 

below, under species accounts. 

The three smaller hawks constantly harrassed flickers, 

alt~ough 1 never sa~ any of them actually strike one. Flickers 

would often roost along the top of Mo's Tower, and one kestrel 

in partic~lar seemed to enjoy flying around the edge of the 

"tower, scaring all the flickers into flight. In my journal I 

wrote that," I seri.ously think that they do it just for fun. And 

I think that the reason they choose COFL'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 t~e flickers." 

Allen and Peterson (1936) say that, "Although one of the commonest 

Sights during the Hawk fliehts is a screaming Flicker with a 

little SharD-shin in hot pursuit, there was n0t a trace of a 

flicker in any of the stomachs examj~ed. It seems as if they 

just enjoy hearing the Flickers squeal." 

Species accounts. 

MerJins. Merlins were the most common hawk on Matinicus 

(",2Cl:'5C.9%) , thou8h they weren't f?or a':ead of sharp-sh.ins (11C). 

Their mt-~an date of mL;ration was 22Sep (see Fjgure sixteen, 

• page )4). Their h.igh~n :mber day '"as 19 Sep, when 19 merlins 

p:.::\ssed M;'itj nicus. This i:;. t 1.}(" S6-me dat.e as t~e highest t:>taJ 

h 0, ,', ,', d ;,~ .\' (
'7.'" ' \ .. " , ,t, ,,,~,,\,':.' ",) '\'J,.,.r J J'J"" ..... ,1 '~Il '" 
,'. • J ........ V'f 1\.J • 4 c .. J '-'. ~ '.' 1.... ., con,rr i ~,)p ;.., rrucil 1J i gher 



',-

Beecn ii!' .• (1';iOJc \)n·~:, l';:l./!,(,~ 55), the\: :~JGC ae!! ;·.j.~he'!"· in actual 

nurntJl'C~ (1;?CJ '.;c:.. "':j). They are a st:.,)t'l'·,Jy cvtE:r i::-;land orjentc<i 

huuebec}; (1~;[.:\:) describes thE' hlmting :rJ9t!lOds of merlins 

.... ·ell. Be Gays "often the birds remain. very 10v" the falcon 

tltuops 2.gnln and C'li;.;:dn in rapid successj on, at tacldng from 

short distances at 8 few metres up to ar::roximatcly 20 to 50 

metres. At times the falcon appears to be flying up and down 

like a shuttle ••• " Thjs last sentence in his description iE 

especially well put. :in my journal, I put it like this; "they 

don't try to follow the twists and turns of their prey. Instead 

they get above trJe prey and repeatedly swoop down at it pendulum­

like. 1t un 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 Ewings, the two met perfectly." 

The mistake of a small bird bein~ chased by a merJin is 

to try to ou't-fly it. Merlins are extremely fast and 2.p:ile in 

) flight. Hunting ~erlins 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 low, skimming the ground, and then 

rose sharply and plucked the bird off ~ts perch from behind. All 

other birds were taken in flight. 

Sharp-shins. Sharp-shins vJere the second most TIllmerOUS 

hawk species (110 birds~33.8%). Their mean date ~f 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 percent~ge than that at either inner islands 

or coastal mountains (see Table one, page 55). The total number 

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

They are oriented toward both coastal mountains and inner islands 

during migration, There was an extremely hiRh percentage of 

immature birds (96.3%) on Matinicus. 

Sharpies use a d i ~'ferent '}llmting lllethnd than merlins. They 

u3ually .rJy 10 .... · ,n'c-::' ·.!'F~ ;!,]"()unc while :iun:.jnG, and ufi.cr: take' 

& 
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tneir I,Y'e.)' ir! l~'J"" v.'.:'gct:.tiu:. C:~' ,iU3t. ;,s it take~) urf. The,V 

were never [·~<:'(~n 1.( ::;tl)()T' rc'reat~;jl'y as m/~r]ins will do, c1na 

usually gave up un thejr J'~'r.·y if they didn't :::;triY:c it on t~!( 

first 2.tternpt .... ·,;lJen t"ne,Y djd estend their chase, they folluwed 

the twists and tUI'JJS of their prey in a very agjJe m2..nner. The,\' 

made no effort to get a.hove their tirey, as rnerjins did. 

A second hunting method they often use js to make a sudden 

dash at nearby prey 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. 

Ieregrine Falcons. The high percentage (14.5) of peregrines 

on Matinicus helped to make my time their extremely enjoyable. 

lI'l'here is perhaps no more marvelous spectacle in nat ure than 

that of a peregrine falcon ... 11 (Grossman and Hamlet, 1964). 
Their percentage and numbers on Matinicus were much higher than 

those at either of t~Je 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., Fa. Broun (1939) reports 

seeing 2t peregrines out of 17,02 4 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. leregrines 

seem to be strongly oriented to outer island sites during migration 

through Maine. The mean date of migration for peregrines was 

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

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

js significantly later than thHt for all species, indicating 

that peregrines may migr2te sU.ghtly L"iter th',n the other specie~. 

Since the peregrine is an endangered snecies, it waule be 

worthw~ile to understand its migration routes better. Enderson 

(19fl5) 5t:::.1.(:3 t"!it many perefSrjr-;cs, presumed to be 'arctic' birds, 

rnip::rate to Central citJd Souti"! .4rrierica to winter. His l'i.beJling of 

the migrants as '2rctic' birds would seem ]ogjcal, sinc~ there. 

lit -, 



) 

;.: r eLi c . .., n i ~. e (1 96 B ) c a 11 edt h C G car c tic 
• , •• ~ro l' ,-.," }' 1) t'JnCll']' U" ',".:".- ',ir":cr']' ~iJ,:ri S U D-~, ~ I,.:: '.. " , '," ,) • _ . ~ ,; '" 

Jlerf~p,rine~:; a sep~r;;t(' 

t;',(;ln ;13 h:o.v in;' very 
J1;Jrrov.' Jr,8.l.ar ~3tri!;es and ::.: conr'icuou:; white fc:,!'(:he<.t,d band. 'P-le 

'r) i r d ~, 1 .5 (J ',' fit. t his des c rip thm , t h () ugh t h ere i ::; rn u chi n d i v i d u il ] 
\'Clric::,ti'"ln. White (~q~-,t~) .3..i..!::>c says th,~:!t peregrine migration is 

of the "] eap fro 8" type, where the populati ons nes ~ ing farthest 
norttJ move farthest south. He goes on to s~.y that "The bulk of 

the migrants appearing along the Atlantic seaboard appear to 
be from the tundrius population." 

Accepting that the peregrines 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 ban~ing 
reco",-:eries. He says that the source of the birds seen. along th,,:: 

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 such places 

as coastal Maine, Cape May Point and Assateague Island. They 

then go on down or off the Atlantic coast to South America, 
Wintering in Uruguay or Argentina. 

Figure 19 • .i roposed mip;rati on rOutes of' I'eregrine Falcons. 



'l'hi~: rllute IfF'::.\' c:xp1;dn t;·w rri',~:r;;.ti()n of per(~!Sr.i.ne0 from 

w~stcrn Grf.:~enland, but triere: are some prot-11ems, Fj .:-'S1,. j t seprn~: 

likely tna"'v peregrine:3 rn_ig'·,:-;.tinE~ south past the Great Lakec: 

(jiaugh, 1972) woulr) rF~Vf' l:<UIJe frun JallJes B::lY, where fair 

numbers of peregY'.ines <.ire seen in t~le fall (Leslie Le(l, 

persona] commuI!ic~ition). 3econd, this 't{()uld maKe the trip 

unnecessarily 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 

Newfoundland. 

Burrows (1981) reports yearly sightings of peregrines at 

six locations in Newfoundland. ~hese are represented by ,the 

dots on Figure nineteen. Tufts (1978) also mentions that 

peregrines are seen in Nova Scotia during migration. Since 

no numerical dat8 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.'t In regards 

to the number of stoops, he says, "very often it will stoop 

only once, irrespective of the result, but now and then it 

~jll make anot~er attempt or even go on stooping five or ten 

times, and in rare cases it will repeat its attempts 50 times 

or even more." fvlost of the peregrines -c:,at I watched huntin,-

made relatively short stoops, and repeated them until it caught 

the bird. leregrines usually seemed to tr.\' to drive their prey 

upward and/or over the water. Brown and Amadon (1968) say that 

if a falcon finds a },.drticularly good food supply during 

migration that it may stop for a few days. This could explain the 

fact that some peregrjnes spent several days on th~ island in 
good v,'eather. 

American ke:3trel. Kestrels co-mprised ~.8 percent of the 

total numbers, with 32 bird~t They aTe seen at slightly higher 

percentages at Bcech, <-,nd much hig;ler clt Green's (see 'l'ablp. one, 

page ~5). The high percentage of males ~een (66.7) may simrly 

mean th;:;t fem2) ".>;.:) , with their h,ss briJljant cnlors, were more 



;.;,))f) ur,IHJOWnS ;i.rc l',)n:;idereej one 1;l'O\]!, tiler: rr::tle~) n:;:"!i",p' LJ! 

:)t' .• ?~: of • riC tot:':'I, ;, rnue;. !nori, II nllrrn;:.J1! fjgure. 'j':'h~ rnr:;'1lJ drl~,( 

a.rlC 

17, 
the hj,gh(~f3t rJ1Hnbcr 

!(~ r~ e 54). J: e !2 t r e 1 s • 
unlike otn!;;' f:1}con~~, ~1'.'eli: tc he c~rjcntf:d rfli)re t)\\::ircJ inner 

isJands. This may be because hirdc ~re us;ally not their 
TfIcdn rrc:y. 

Ke~trels feed on Matinicus in t~e same ~anner as elsewh~re, 

hoverine over a hird before taking it on the gro~nd or droppinB 

on it from a perch. I never saw a kestrel catc~ 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 to 3 Oct. Single birds were ,seen on all 

days except 17 Sep, when two were seen. All harriers seen were 
immature birds. 

Only one harrier was seen to capture prey, although 

others were apparently hunting. Harriers quartered the island. 

close to the ground, and the one that was seen capturing prey 

dropped on it in the vegetation (a warbler). 

Other 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 purposes, goshawks can be considered 
accidental at Matinicus. 

_ _________ :.'!RIIIIIII!II ____________________ I 
F~. 
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:"tlwr' Biros 

Rock frorr. 11 :;(:~: te, ?F: ::,ct, 1~)e2 •. 4t least one oth'_'l' srlt=Ci'2S 

of Empidon::,); :~!y:;atclJ·:~T' v:~i:"; :o',:~n, 8nd a possible ur:1nge-crovmed 

warbler s;.!p.cirncn (::! t(),,,,~!'-v.ill) awaits Dositive ic(::,~,j~-icatjon. 

Appendix C~iSt3 aJ 1 .:~pecieG seen. Some of the more inter"::bting 

observ~tions of non-falconiform birds are described 
, ~ 

De 1 ()\': . 

Un 16 Sep, at 3:1;5 fi.f-:." I stepped out on the porch to 

check on the number 0: to''''er ki Ils (see "Tower Ki lIs", be low) 

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 to take off from land, so I took it down to the 

water a~d set it on a large rock. It jumped, barely clearing 

the water before flyinr away. It appeared to be a healthy bird, 

and fle~ away normally. 

At four different times, leach's storm netrels flew through 

open doors into the main house and were taken back outside. 

0ne dead one was found next to the tower, presumably a tower 

kill. The remains of another were found t~at 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 a 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 'T'resent around 

the '::'.sland. Cne flock that I attempted to count through a 

spotting scope contc .. ined about 1,100 bi.rds. 

A dead sora ~as found on 20 Sep. It presumably hit the 

tcwer. Unexpected shorebirds included white-rumped s~ndpipers, 

a whimbrel, a" common snipe, and a woodcock. 

A single adult puffin wns seen on 11 Sep. My journal says, 

"At 1335 I came around a boulder and found myself face-to-face 

v/ith a rUFFIN! ••. lt was more suprised than me, and it f"topped 

down intc a bu.rrow (i1ucil1bon # XXIII)." I took two r:.hotos of it 

ns it left tn( j sland 3.ll hour Idter. j30th are over-exposed, 1lut 

there appears tel be G. yellow color bawi on its right leg. 

Cn ?L1 Ser an j.fr:matur(" rt"'d-l-:eadc:>c woodpecker w;·?s seen and 
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ti.ldCkl/:i~d.11 .. j~!.Le~ "';1 ..... ) ,J.t;J£..) to !--;t.;.~., [H~tLe-(' lookE cit jt c;nd 

}-,iJutograpr: ~ ~,. LIl 2:) Sep a ciickciss~:l ',Va::) fcund de:::.iCi, of no 

arparent ~;j 1..;:-;e. 

Sonebirds 

My data on songbirds is not detailed enough to attempt 

to correlate their movements with weather conditions (see Lack, 

1960; Nisbet and Drury, 1968). Warblers were generally more 

abundant early in the study period and fringillids later. 

Yellow-rumped warblers and palm ~arblers were present ~fter 

other warblers were no longer seen. 

From my notes, I was able to seperate forty days into 

three general categories of relative songbird abundance. Then 

the number of hawks seen on ezch of these days was determined, 

in an attemnt to correlate hawk movement with changing numbers 

of prey. A Kruskal-Wallis test showed no statistical significance 

of the difference in hawk n~mbers in each of the three categories. 

A Mann-Whitney U-test on t~e difference between the number of 

ha\,,-ks on high and low songbird abundance also showed no 

statistical significance. 

Migratory Insects 

Griffin (1964) discusses the migration of monarch butterflies, 

and All('n and Peterson (1936) ment ion see ing bot h monarchs and 

dragonflies at Cape May, N.J. I kept a count of monarchs and 

dragonflies ueen, and came up wi.th eighteen and six, respectively, 

though I wasn't ~utting much effort into spotting them. 

;18rhor ~)e81s wc-;e :se("Yl daily tin'oughout th(~ seven-week 

per i od. There were us uaJ ly be t w(,en thj rty and furty .i n ::) ieht • 

Two young S8Hls wer~ found rleHd. No grey se~ls were seen. 

;'f)Ur b;:l.t~-; (1.n:icC':;li fie:i ";l'"',·j(>s) ',/C.':--';' s(~en f'J,vin," dllTjni~ the 



(J ; j'y. /.. rn llrTHTJ':' :' j ',: C :..; L :j Y' - n t: : . ',' ! : fIl ': 1,:: '{,'; ~:-: f 0 un d a. he u t In i cJ - j :3 1 and 

(sf~erninf:~l,y lOC, hil,~h fr:';' '{,'tVf>:; LCi h;lVC left.::t th.;:r~;. My jo~:'n;j:: 

,. f33.yE" "How djd it I'.!?t tl'h~1'0:"( CouJ,j therE: be t:' pGj.lu)8tion '.)1' 

then. here? ~)E''3rn~; doubtful." 'rrJ(~ mc:>!. likely explanatio.n seems 

t~, be tlk.t it was i~?ft ther'c: by a J:redator or scav'.Jng,-"'T. 

The only celace~n3 s~en were white-sided dolphins. A 
group of at least 250 was seen on 13 Oct, headed approximately 

suuthwest. 'l'fJey carrl\:~ very c:ose tc the island, and /!Iany lept 

clear of the water. 

Tower Kills 

My notes fOT 16 Sep say "4:30 am-- the fog is gone and 

with its passing migration has come. And with migration, light 

house kills have corne. That's mostly why I'm awake. With birds 

crashing into my bedroom window every few minutes, 1 couldn't 

sleep .•• There's a pile of 14 dead passerines on the porch-­

almost all warblers-- and the final toll will certainly be 

higher." The final toll 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 to lights of certain 

tall structures and get disoriented by them. Crawford (1981) 
associated tower kills in Florida with north winds and cloud 

oover. He said that clouds affect the birds in two ways. 

First, birds fly at lower altit~des under overcast, and, 

second, light is refr~cted by a greater number of minute 

moisture droplets, disorienting the birds. He says that fog 

or precipitation are not necessary, as long as the sky is 

overcast~ Laskey (1960) also correlated tower kills with 

northerly winds and overcast ski0S, and Ogden (1960) found 

cverc~st skies to be important. 

Crawford (1981) relates an additional thouRht regarding 

.,.,rhy birds hit t.owers. He s;'l.,vs, "hjrds enter the illuminated 
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fop;gy 0inc(~ l::1t(· un tho njgiy,:. (If 1::.' Sere The .foC fjnally broke 

:'Jctweer, 10:"~,r J~.rr:. on t1'le 15th and 1:30 a.m. on thE? 16 th • 

The to~er kiJls started around 11:30 p.m., 15 Sep (about the 

time the fog broke?). The winds were steadily from east-northeast, 

at ~round 20 knots. After the fog broke, it remained overcast. 

The only other night with more than two tower kills was 

October 8-9, when 8 were found. This was, again, a cloudy night 

with east-northeasterly winds at around 20 knots. However, there 

was also a thick fog throughout the night. 

It was obvious that birds were hitting lit areas. These 

included the lighthouse light, lit windows in the main house, and 

two areas lit with floodlights; a bright red outside door on 

the main house, and a white wall on t~e boathouse. All birds 

were hitting the southwest side of the buildings (ie- they were 

flying into the wind). When I stood on the porch td 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 t~at 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 are much less 

dependent on these isl~nds, since they can capture food easily 

amon~ trees. Islands such as Wooden Ball and Seal ~re probably 

even more important, since they are similar in habitat and much 

larger. 

DISCUSSIC~/SUMMAHY 

In my 47 days on Matinicus Rock, 1 saw 32C hawks of 

seveL sf;pcies. The mean h;iV.i.kS per ubserver flour WciS 6.21, 

a1 thOUgfl this is affected sorr:ewhat by a fifteen day perj oel 

frorr: 1": : .. ,ct tt~ 27 C·ct ""hen c::,J m()~.:;1. no h3.WI'\s went b.y (7 totaJ). 
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'1'h(' .. 'I11y CJjil1~,c:~L.' v.:ri ~hle., ~.};·:t c::J:TPl;~t(:(: well '.-.'jLri • ;, .• 

dlflount c.:: \<:)ibl(~ r)'i""I;"~ lJij;:;r,~t.jon 'ICC;''; ;"reci!)it·,tiol1 dn:; '.;in'! 

dirccti()!l. Ln r~i.i.n:,' :uid/dr fuggy d:.l'y::. ',h,.'Y''2 .",,8.~:; nl) l!Ijt~·:':":.ti(]n. 

Un day~; with ~i \"'r.~3~tTJ'y c()~Il}1unent tu th'3 viind there v:eY'e more 

·1l:::'WK:'3 t ~:H! on t i, us>.: w.i t h e:::.::3 tor ly CdmpLlllen ts (d i f fe z'cnc e stat i:3 t.:.. c­

ally signifh:ant at .05 leve1). 'I'tis nJ8.y indicat,e tlKtt wind drif;:, 

is an import.ant factor in the migration 0; hawr~s at Matinicus 

Rock, perhaps especially so in respect to sharpshins and kcstrels, 

which migrate over inner islands and coastal mou.YJtains in hieher 

percentages of the total. ~his is also 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, temperature, 

and sky conditions showed no statistically significant relationship 

to the hawk movemerits. This lack of corr~lation 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 to 11:00 AM, 

with a standard deviation of one hour. Thus most of the migrants 

were seen passing Matinicus Hock between 9:30 and noon. This time 

period is also 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 t .imi.ng of the movements 0 f shan,shins, kestre Is, 

and merlins was th~ same. However, peregrines showed a significa~tly 

(.001) later mean (Oct. 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 deviations, however, this 

difference was not s:b.atistically significant. This situation lIIay 

become clearer ~s the datH base grows. 

The ohservation sites from which I had acsess to data can he 

c.' las td f i 0 a 1. n tot }; r e e t y pes; 0 11 t e r i s 1 and s, inn e r i s 18 n d s, a 1) d 

coastal r.lountains. rrhere are ~.,ignj.fic(:1nt differences in t-'Ie 
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~uch feeding behavior was observed. The small hawks (sharnshins, 

merlins 8.nd kestrels) were never seen to tC'1.ke anything but small 

(warbler, sparrow) sized prey, although a few unsuccessful chases 

of medium (thrus~_si-zed prey were noted. Peregrines took a high 

percent~ge of small prey items (45.5%). This is probably an 

indication of the relative vulnerability of this size clC'1.ss, 

since vulnerability is afected by relative nu~bers of prey species 

(Ero .... :n and Amadon, 1968), and smalJ hi rds wer'e by far the most 

numerous. ln other words, the peregrines were simply feeding 

on what was most abundant. The percentage of each class taken 

decreased from smal! to medium to large. 

No rrey items other than birds were seen being chased, captured 

or eaten but birds, although insects such as dragonflies were 

fairly common. Again, 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. ]n inter-specific cases, peregrines were successful 

over all others. All three smaller hawks were commonly seen 

chasing flickers, which produced loud screams upon being cha~ed. 

None of these hawks were seen actually striking a flicker. This 

behavior was interpreted as ttpJay." 

Differences in the feeding behavior of the various hawk 

species was discussed. Thes~ differences relat8 to the physiology 

and habitat preferrences of each species. The possible mi~ration 

routes of peregri nes '.-.'as discussed. The peregrines seen at 

• fvJ8.tinicus Hock are most ljkely all "arctic" peregrines. 

The most notable non- fE;,] (,I)ni form sTlee j es seen include a 

A 1 illR 
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This pro~icc:\:' v;2.f'O undoilotedly one nf t he fIlC:~t succes3ful 

J e;1.rning experiences of my c<':!rreer. 1 J earned much concerning 

fJeld work, literature research, data analysis, and present~tjon 

of my research; as well as about the migration of hawks in coastal 

Maine. This project has led to many ideas for future work, and 

hopefully will become an ongoing study. Aside from the educational 

value of the project, the field wor~ was one of the most enjoyable 

experiences of my life. 
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The U.S. Coast Guard aJlowed me to spend time on ~atinicus 

Rock and p~ovided transportation. The individuals on the rock, 

Joe, L;.i.rry, Dean, Mike f ;:wd Dar. we"co hospitable and friendly 

d lJrj ng my s~ay. \'y it hout the C o<-:..st Guard's ;:,.ss i stance and approva 1 
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~)(; ~ij3 LE-CR EST ED C ( .• , i,!~,j\J., NT 
Gi\i~!'.Tr~n CuHfr:CHAN'l 
G P E/,'P BL1J.I:; li 1::1< eN 

CC;"iffJuj\ EIDEH. 
:~LUE-'vnNGED TEAL 
BLACl: DUCt; 
SURF scurER 
WHITE-WINGED SC01E~ 
SHARF-SHINNED HA~i, 

*GOSHAWK 
NORTHERN HARRIER 
0SI;REY 
AMERICAN KESTREL 
fl1E;', L 11\ 
} EriEGRINE FALCON 
SEMIPALMATED PLOVER 
SEMIPALMATED SANr: IPEF 
WHHlBREl 
Sh/I'TET; SAIJDrU'EF 
RUDDY TURNSTONE 

*CU;:;i'JCN SKlff 
·,\'d.lTE-RUMPED SANIJ ] FER 
HED KNOT 

*AMERICAN WOODCOCK 
GREATER BLACK-BACXED GULL 
BEhRING GULL 

*ATLANTIC PUFFIK 
3LLC[ GUILLElViOI' 
;f]URNING DOVE 
*YELLO~-BILLED CUC~GO 

RUBY-THROATED HU~~I~GBIRD 
BELTED KINGFISHER 
YELLOW-BELLIED SAiSUCKER 
CG~lrvlON FLICKER 

*!tED-HEADED WOODl'EC;<E:-; 
YELLOW-BELLIED F1Y~ATCHER 

( T ( j':;1 iJ= 1 1 () ) 

(EJI.'U'lDGNAX FLYCli'rCTt!~S-Unid8ntj fied species) 
EAS'rERN WuOD I'EE\'iEi~~ 
EASTERN PHOEBE 

*BARN SWALLOW 
AJI.'lEHICAN CRUW 
NORTHERN RAVEN 
HED-BREAS'l'ED NlYl'H!;TCH 
BROWN CRBE:l:ER 
lViARSH WREN 
·•· . .lNTER WR1:l'; 
(mAY Cp,'l' BIH D 
1JRU.:;~ '1: BRASHER 
AJV;:r:;h lC!:, I'; Rei' IN 
S\Vj~.l r·~:)'~_ N'~; t~~:ii~jJS:: 
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',,.;;\'1' t:R 111I'l' 
CEiJAh 'dAXWING 
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CHllP1NG SlhHRCW 
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Program 1- Five Day M~vine Averages. 

Thi3 program is used for determing five-day moving averages. 
The data entered into this program must be in the form of the 
number of occurenceG or:. eac}L of a series of cates. The dates 
u~8d must be numbered consecutively. For instance, my data 
covered the period from 11 Sept. to 10 Oct. The dates in Oct. 
had to be changec5 to run consecutively with those in Sept., 
S0, since Sept. has 30 days, 1 Oct. was called "31", 2 Oct. 
v.;as called "32", etc. The start date is not important, so the 
~ates in Sept. temained unchanged. 

Since this F!'ogram determines five-day averages around a 
ce~tajn date, thp first day for which a five-day average can be 
given is ~hc third observation day. When the computer asks 
".i;'IHST Di."Y FOh W:H1CE YOU l'lAIn 5-DAY jVi.J\.'S=?", the third day 
c! observation must be entered. 

10 PRINT "5-·DAY MO',F::NG ~"/=:RAGES!J 

~ 2 L-~T Y=-"Ill 
~ 2, DIM X (90) 

31Zl :::l,~~HJ"" "FIRST DAY FOR ("JHICH YOU l-,iANT -5-1.I,=-IY M. f..!.' E,=": 
35 I t\PU'i- M 
40 PRINT "LAST DAY FOR wHI£:H YOU i.-:ANT 5--UAy J'r:. P.. 'S=": .. 
45 INPUT (\-. 
50 ~OR I=X-2 TO ~~2 

55 ~::::T \t'=Y+ 1 

61.0 PRINT II DAY 
70 Ir~[)',r X (I) 

II. T .11=11 • 
~ - , , 

80 IF y / 5 TYEN 120 
90 ~E; A=X(I)+X(~-:)+X( 
100 ;:'RP~T "5-DAY HVERAG~ 
.. 20 NEXT I 
130 END 

-2) + X ( >.::::) 4· X ( ~-. "- ) 
(AR(JUt\~D r.J~rY: Ii ~ 1-2; U ) ;:" ; A/~, 

Program 2- ~ruskal-Wallis Test. 

This program performs the KruskaJ-Wa12is Test. This iG 
s test for the signifjcance of the difference of more tha~ 
~wo population medjans. To simplify this proBram g~eatly, it 
was written in such a way that it asks for the ranks of the 
i~err.s in R sampJe, rather til,i!) th,," ranks themsE:lves. Rankin~~ 
i~~ fl Gil1lp~.e rrocedure. First, the data are divided into groups, 
accnrding to the sample they belong in. For instance, whpn 1 
C,);:j::;:~{'ed the numhcl's of' hawf~~; mcvjng (lt1 d3'y;-~ 'Nit.) high. modi,lm, 
'If.!\.: l~vv.: :·~::~r~f.~h.iT'd :.ii)lllJrl~lnce, ., · ... /t:Llc ::~,:'!;·~::':·;.itc') Ii;:,,' ;,;:·;,t::: 1rl'!' ... ·" Lh'r-'ef' 
1 ~ :-,~ ~':; ,1'1 ~ ~~:~ ';Io.;nf~·~l 'J·ti .~ h1.':~1~;:·~nc • P;;"'::j 1.~~Lt -iIJ·; : ~~'\t\r. 11. ':-',iC'" :: :.: t. 
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W,jt~~I: r;', t,IJe IJUJIIU',r' cf hav.!k:; lJGCUf".\li; (HJ '='ici'; ;ld.,\' 'h'jLrl the 
::~';:;I','" ~~::3~-3c)cLjte;; .L(~vcl of 3(lnEjhin: ,'i:)urJdan~e. i'Jr:xt, a.ll of 
1,:J'2' (i:.ita. (number'" of hawk!:) rr<JJn ;l~j \'rjree lists rnust-se pJac[:c 
i r: a L; c end in P' 0 r U ~ ~' • ? i n 8 11 v, t h,~ d a L.l are r.:-~ n Ked. '1' h i ~ i n v () 1. v e :,; 
~i:...;sjEning a'nurnoer to each' OCi"LWf:, rc~fJ.ecting j tJS order in thr~ 
.:lc3C'endinc list. For example, t\'Je lowest nUITihe~' of nawks from 
'~11 three lists is given rank 1, the :secona lcv:est, rank 2, etc. 
In the C:lse of ties (ie- two day~ with the [.,arne number of 
ha~~~), all the items involved in the tie are given the 
average of the ranks corresponding to their positions in the 
single ascending list. If, for in~tance, 1 had two days with 
6 hawks, and these days occupied positions seven and eight in 
the ascending list, botll would be assigned rank 7.5. 0nce these' 
ranks are all assigned, they are substituted for the data in 
the seperate lists (ie- those of numbers of hawks on days with 
various 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 usine a table of Chi-squared values 
using one less than the number of samples as the degrees of 
freedom. 

10 PR:i'·'-:- "KRUS~~q~"'~·)ALLIS ;-;:::8""''' 
20 ORr"..': 
25 ~ET B=0 
26 ~E"'" R (I ) ==0 
27 LET X="0 
30. DIM .X(20),Y(2~) 
35 PRII\;T "NUMBER ;]:= SP.:r:PLES="; 
36 INPL;7 2.. 
40 r::-O~: ::::::1 TO Z 
5121 PRI1\'T "SAM;:JL= ".'" 
biZ: oRINT" SIZE=": 
70 INPUT N(I) 
80 ~OR J=l TO N(:) 
90 PRI,\:T" RAN":;'; J; "::11; 
l1Zt0 INPUT Y(J) 
120 R(I)==R(I)+Y(:' 
130 NEX-:- J 
140 LE7 S(I)=R(I)~2/N(:) 
lE,0 LET X=X+S(I) 
171tJ B==B+I\! ( I ) 
180 NEXT I 
130 ~ET H=(12/(B*(84:» )*X-3.(B~~) 

20QI PRli\iT ", .. J=" ~H 
21lZl END 
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T hi f.~ is a Lest for ttw ::; i gni fi cance 0 r trJl~ ,1.i fference 
i}~:twel;rl t'~JO means, used when the two (3amplC'.~; irJ'/ol.ved have 
unequ;:l.L variances. 'Phe mec"l.1i, va-ria.!lcc, ano ::>.i00 c~· each sarr!r:l~: 
m~):;t be c.:."18ulated first. rpJE.' resuJL wilJ br; a "D" v81ue and 
:::. "Th2to." value. These are equal to the "d" values and "B" value;:3, 
r~'spectively. as used in C2.mpbell (1974). Thr.se values are used 
in a tqble (A14 in Campbell, 1974) to determine significance 
c· {' t be rl j'ference between the mean.::>. 

1:? PRII\:T "';!JD'OMUV--""'~~ST D'::' DIF. OF 1Y1?ryV;::; I,.,:/UNE[:_';:-I!.:.. ,,/qo.1~.,:\ICE:8" 
;~:Z; ::'R I. N:-
.:::e: PRINT "SA;viPLE ~ /I 

40 PRINT" MEAN="; .... ' ... 

INPUT P. 
PRI ~<~ " 

7(1': INPU"'" B 
VARIANC::::=" ; 

9iZi ~f,lpU-' !\ 
112)0 PRI~<; 

SIZE==H; 

~20 DRI!"IT t. :Y!EI'4t~I=H; 
12:1{ Il\1J:"fUT 1-' 

: /.II{I ::::JR II\:T" 'JAR I ANCE=" : 
: ::)71 I NPUT ~ 

lS0 p'inH" SIZE:-.::"; 
1 70 H-JPl'T !Y: 

lBC D=(A-C)/SOR(B!N+E/~) 
T=SQR«B/~)/(?/M» 130 

139 
200 
2!0 
215 

DRIiVT "D=":D 
't-Z=(-F'N (:) 

Z=(Z*:£30)/PI 
220 P'=<IN; "THETA::" iZ 
230 END 
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