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period. 2 . 53 h. for birds that field-fed twice per day and 2.73 b for 

birds chat field - fed in the evening only. Similarly. Hochbaum (1955) 

noted that the afternoon flight was not as precise 85 the mOrning flight. 

Bochoaum ( 1955) speculated that the variability in the afternoon 

flight may be due to the success of the morning field-feeding period. 

Those birds which were the most successful in field- feeding near the 
. 

marsh during the morning feeding period were the first to arrive back 

at d1e marsh, those which had to travel to several fields arrived later. 

In turn, those mallards arriving back early were fi rst to initiate 

field-feeding in the afternoon, being s timulated by hunger. Winner 

(1959 ) suggested that birds which. were not as successful in filling 

cneir crops in the morning feeding period initiated field- feeding earlier 

in ens afternoon. This was a result of differential feeding success 

vithin a population feeding at anyone field. That is, the afternoon 

flight was more of a response to a ''hunger cue" (Hochbaum 1955) which 

in turn varied amongst ind.1viduals · ... ithin a population due to the success 

of me morning meal. In contrast the mallards were hungry in the morning 

but did Qot depart from the marsh until there was sufficient light in-

tensity. As a result, there was a more uniform hunger response vithin 

die population which led to a more precise morning field- feeding flight . 

The "light cue" took precedence over the "hunger cue" i n the morning 

(Hochbaum. 1955). 

:B . Departur e time of mallards 

The evening departure times by mallards that field- fed twice per 

day and those that were monitored field-feeding in the evening only were 
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not significantly different (section IV A). Therefore, all mallard 

departures were analysed together. A frequency distribution of departure 

times is provided in Figure 7. The mean departure time was .66±O.S7 h 

after sunset . 

Light intensity. the only significant variable, contributed 72.7% 

(P<O.OOl) to the overall variance (Table 2). A frequency distribution 

for all mallards departing from a field-feeding site in the evening 

with respect to the amount of light present is provided in Figure 8, 

There was no significant variability in the arrival time (analysis 

of variance) amongst individual mallards. 

Although mallards were observed field- feeding into darkness when 

there was co measurable light, these birds remained only a few minutes 

after which they returned to the marsh . Mallards feeding in a period 

of no measurable light had all arrived during measurable light except for 

the two previously documented cases where birds arrived in the evening 

during darkness. The fact that the return flight to the marsh may 'be 

governed by light intensity had been previously suggested by Bossenmaie'r 

and Marshall (1958) . There were no documented cases of mallards ·field­

feeding into darkness for more than one- quarter of an hour. 

In the evening 1 . 28 n were required for 95% of the mallards to 

depart a field- feeding site. Whereas, in the morning during fair 

weadier 95% of the departure took approximately 50% longer t o complete , 

1.78 h,. This is consistent with previously presented data that mallards 

alter the length of .stay at a field-feeding site in the morning by 

altering the departure time . The reverse is true in the afternoon when 
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duration of stay is governed by the arrival time. Therefore , it would 

be expected that the departure in the evening would be more punctual 

chan in the morning. 

C. Duration of stay at a field-feeding site by mallards field­
feeding rwice per da~ and in the evening only 

For those mallards that field- fed twice per day three variables 

contributed 90.0% (P<O.OOl) to the overall variance. (Table 12). Two 

of the contributing variables were related to the morning feeding pe r iod, 

time difference. berween morning departure and evening arrival 59 . 9% 

(P<O .OOl) and departure from a field-feeding site in the moTRing 18.0% 

(P<O .OOl) . The third and least contributing variable was change in 

ligbt intensity becween arrival and departure, 12 .1% (P<O. OOl). 

For those mallards monitored in tbe evening only. three varia~les 

contributed 58 .3% (P<Q . OOI) to the variance . Of the three variables 

change in light intensity between arrival and departure explained the 

greatest amount of the variance 54 . 7% (P<O . OOI) . 'The cont.ribution of 

the other two variables was non- significant. change in temperature 3 .6% 

(P<Q .25 ) and change in barometric pressure 0.01% (P<O.25). 

Frequency disrributions of the duration of feeding times in the 

evening for those mallards ~cn field- fed twice per day and those wbica 

field-fed once per day. in the evening only are pre~ented in Figure 9. 

The mean dura tion of field- feeding time in the evening for those 

mallards which field- fed rwice per day was 1.07!D.63 h and for those 

mallards which. field- fed :bn the evening only was O',84±O.S7 b.. 
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Figur e 9. The observed tempor al distribution for the duration of field­
feeding of mallards in th,e evening for those which field- fed 
cwice per day. and tnose whicn field- fed in the evening onl y . 
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Two variables which relate to the morning field- feeding period, more 

specifically to the timing of the departure, account for 79 .9% of the 

variance amongst those mallards that field-fed bo th in the morning and 

afternoon. This time difference between the morning departure and the 

evening arrival at a field- feeding site is po'ssihly related to the 

"metabolic. cue" proposed by Hochbaum (1955); "The ducks do not return 

to the fields while breakfast is still heavy in their gizzards; but 

once digestion has progressed to the point of hunger, this stimulus 

urges them to the prairie for a second meal". In this manner, the 

departure from a field- feeding site in the morning may influence the 

afternoon feeding period. 

Unfortunately. the morning feeding activity of those mallards 

monitored in the evening only was not documented . In considering the 

two feeding periods of those mallards which fed in the morning and 

evening and those which were monitored i n the evening only. it is 

apparent that the morning feeding behaviour must be documented, if any 

attempt is to oe made in predi.cting the length of the evening field­

feeding peri.od . 

Change in light intensity between arrival and departure contribu tes 

significantly to both groups of mallards altnough its contribution to 

the variance for those mallards field-feeding in the evening only is much 

greater (12 .1% versus 54 . 7%). This is consistent wiclt the data concern­

ing arrival and departure where light intensity is the largest single 

contriouting meteorological variable. Also. the correlation coefficient, 

r. between th.e duration of field- feeding and the change in light intensity 
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for ~ose birds that field-fed only in the evening r : 0.740 (P<O .05). 

2nd for mose birds that fed twice per day r '" 0 . 758 (P<O . OS) a re approxi­

mately equal. This indicates that within che two samples the singular 

effect of change in light intensity upon field- feeding dura t ion was 

approximately the same. 

VIr . The Importance of Light to Field-feeding 

The field- feeding patterns of the mallard in the present study were 

bimodal with peak activity occurring in the morning and evening . This 

agrees ..nth the activity patterns established by Winner (1972) . If 

this pattern is endogenous as suggested by ~inner (1972) then it may De 

a true circadian rhy~. Under natural environmental conditions there 

must be some periodic facto r to which the circadian rhythm can be 

entrained (Aschoff 1966). 

Light intensity (the log of the absolute values in lux units) explains 

a significant amount of the variance in field-feeding. The largest effect 

is associated with arrival in both the morning and evening and the 

departure in the evening . Under total darkness no field- feeding occurred. 

The amount of available light may be the periodic environmental cue to 

which the circadian rnytnm could be entrained . 

Curr ent physiological research also indicates that the light-dark 

cycle experienced by animals in the natural env1roriment has a signifi­

cant affect on the circadian rhythm. Binkley (1976) suggested that the 

light-dar k cycle affects the N- acetyltransferase enzyme activity of the 

pineal gland which has a hormonal output melatonin. The circulating 

• 
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levels of melaconin could act. as the "fundamental pacemaker". The 

different. levels act as "a time cue by other cells for synch.rony or 

generation of their own rhytluns". (Binkley 1976). Furt.hermore. Binkley 

(1979) suggested that this mechanism caD be reset by the ligh.t cue 

corr esponding to dark . This allows the bird to measure the daylight 

length. or the process of photoperiodism . 
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SUMMARY AND CONCLUSION 

The study was conducted to determine i f meteorlogical factors had 

any significant effect upon the daily field- feeding behaviour of post­

moult adult male and female mallard ducks . In addition, differ ences due 

to sex and differences among those mallards that were recorded field ­

feeding twice per day (morning and evening) and once per day (morning 

or evening only) were examined . The influen ce of the morning field ­

feeding period or the evening field- feeding period within those mallards 

-that field- fed rwice per day was investigated. 

Sixteen adult male and eight adult female mallards were equipped 

wit~ ratio transmitt ers (6 males and 4 females in 1977; 10 males and 

4 females i n 1978). This allowed fpr the signal recognition of each 

individual bir d while monitoring its movement between the marsh and a 

field- feeding site . For s t atistical analysis an ooservation consisted 

of the singl e recor ding of a radio- equipped mallard at a field- feeding 

site either in the morning or afternoon on a particular day . Data were 

pooled fo r 1977 and 1978, because dail y ef f ects , not annual effects. 

wer e being examined . A unique set of meteorological data was collected 

for each observation. 

The data suggest the following observa t ions and conclusions: 

1 . Altliougn individual mallards were not observed in the field , 

the oehavioural changes caused by the radio packages were 

considered to ne minimal, 88% of the mallards initiated field­

feeding wit~in the normal adjustment period of two weeks as 

suggested by the literature . The larger and heavier SB- 2 

... 
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transmitter had an apparent greater physical effect on the 

mallards than the smaller and lighter SM-l radio package. 

2. Mallards preferred swathed Darley and wheat although they 

would feed on stubble. Some mallards flew at least 23 km 

from the marsh to feed on a swathed wheat crop. 

3. Field-feeding was restricted primarily to two periods, early 

morning and in the evening. 

4. Considering those days when a field-feeding site was monitored 

in both the morning and evening, there appeared to be no set 

pattern to the appearance of a mallard in both the morning 

and evening. Some mallards field- fed in both the morning and 

evening while others field-fed in the morning only or evening 

only. 

5. There was no significant difference in field-feeding activity 

between adult male and adult female mallards. 

6. Light intensity was the main meteorological factor governing 

the ' arrival and departure times from a field- feeding site . 

This is consistent with other avian related behavioural and 

physiological studies whica suggest light may be the environ­

ment cue by which the bird's normal circadian activity is 

entrained. 

7. The presence of cloud cover during rainy periods significantly 

delayed the arrival at a field-feeding site. 

8 . Rain significantly delayed the departure and therefore 

lengthened the period of stay at a field- feeding site. 
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9 . The length of time a mallard remained at a field- feeding site 

in the morning was altered by tlie departure time not the 

arrival time. 

10. The time a mallard spent away from a field-feeding site, 

Between the morning departure from the site and the evening 

arr ival, contributed significantly to the duration of field­

feeding time in the evening. This is most probably related 

to the stimulus , provided by hunger, to field-feed in the 

evening (Hochbaum. 1955). 

11 . The length of a time a mallard remained at a field-feeding 

site in the evening was governed by the arrival time , not the 

departure time. 

12. Mallards were never recorded feeding during the night although 

evening field- feeding extended into darkness (no measurable 

light) on several occasions; they remained only several minutes . 



67 

LITERATURE CITED 

Aschoff, J. 1966. Circadian activity pattern with two peaks . Ecology 
47:657-662. 

Aschoff, J. and H. Pahl. 1970. Rhythmic variation in energy and 
metabolism. Fed. Proe . 29 :1541- 1552 . 

Ballard , P.O. and H. V. Biellier. 1975. Effect of photoperiods on feed 
intake rhythms of domestic fowl. Int. J. Biometeor. 
19: 255-266 . 

B~11ro8e. F. C. 1976. Ducks, geese and swans of North America. 
Wildl . Manage . rns~ . and Illinois Nat . Kist . Survey. 
S tackpole Co., Harrisourg, PA. 543 pp. 

Benning, D. 1980. Waterfowl 
Saskatchewan 1980 . 

breeding population survey southern 
U. S. Fish and Wild!. typed 13 pp . 

Bldlake, L.J. 1974. Fall aerial wate rfowl surveys , southewestern 
Manitoba 1972 and 1973. Dept. of Mines, Resources and 
Environmental Manage .• Man . typed 16 pp. 

Binkley, S,A. 1976 . Pineal 
chickens and rats. 
35:2347-2352. 

gland biorhythm: N-acetyltransfe~ase in 
Proc. of the Fed . of Soc. for Exp. BioI. 

Binklei. S.A. 1979. A timekeeping enzyme in the pineal gland. Sci. 
Amer . 240:66-71 . 

Binkley, S.A. and E.B. Geller. 1975 . Pineal N-acety1tr~nsferase in 
chickens: rhythm persists in constant darkness: J . Camp. 
Physiol. 99:67-70 . 

Bossenmaier, E.P . and W.H. Marshall. 
in southwestern Manitoba. 

1958. Field-feeding by waterfowl 
Wildl. Monogr. 1. 32 pp. 

Brazda, A. 1980 . Northern Manitoba, northern Saskatchewan and 
Saskatchewan River delta waterfowl breeding pair survey 
May 14 - June 18. 1980 . U.S. Fish and Wildl . typed 13 pp. 

cassel, J .P . 1975. Field- feeding and crop depr~dation by waterfowl 
in Bottineau County, North Dakota . Office of Water Research 
and Technology, Dept . of the Inter. Washington, D.C. 
typed 11 pp. 

cassel, J.F . and J.F. Gulke . 1976. Late summer and autumn feeding 
pattern of mallards, Anas platyrhync.hos. as rela ted to the 
North Dakota experimental lure crop program. Office of 
Water Research and Technology, Dept. of the Inter. Washington, 
D.C. Annual Rep . 61 pp. 



68 

Caswell. P.O. and G. S. Hochbaum. 1980. 1980 Manitoba waterfowl status 
report . Can . Wild! . Serv o typed 54 pp. 

Collins, K. M. Bnd P.N. Boothroyd. 1977. Big Grass Marsh study. Can. 
Wildl. Serv., Ducks Unlimited (Canada) and Prov o of Man . 
typed 157 pp. 

Davies, D.A . 1968. Western region fall depredation . Man. Game Branch 
typed 10 pp. 

de Wet, C. 1971. Opening address, Pages 17- 20 . In Proe . Symp . 
Biotel. CSIR. Pretoria, South Africa. 

Dodds, M. E. 1974 . Grain losses in the field when windrowing and 
cOmDining barley . Can . Agrie. Eng. 16:6-9. 

DuPont ,DeNemours Co. 1~66. Elvax 260 vinyl resin. Technical Infor­
mation. Electrocnemicals Dept . . Wellington, Delaware. 
typed 4 pp . 

Dwyer~ T.J. 1972 . An adjustable radio package for ducks. Bird­
Banding. 43 :282-284. 

Farney, R.A. 1975 . 
high water 
Columbus. 

Fall foods of ducks in 
years. M. Sc. Thesis. 
123 pp. 

Lake Erie marshes during 
The Ohio State Univ .• 

Folk, C. , K. Hudec and J. Toufar . 1966 . The weight of the mallard, 
~ 'p1aty.rhynchos, and its changes in the course of the year. 
Zool. Listy. 15 : 249- 260. 

Gaston, S. and M. Menaker. 1968 . Pineal function: the biological 
clock in the sparrow? Science 160:1125-1127. 

Gilmer, 

Girard, 

Gallop, 

D. S., I.J. Ball. 1.M. Cowardin and 
of radio packages on wild ducks . 

J . H. Riechman. 1974. Effects 
J. Wildl . Manage. 38 : 243-252 . 

G.L . 
J . 

1941 . The mallard: its 
Wi1dl . Manage . 5:233-259 . 

management in western Moncana. 

J . B. 1949. Report on investigation 
6y ducks in the prairie provinces. 
Ottawa, typed 61 pp . 

of damage to 
Can. ·W':i:ldl. 

cereal crops 
Serv o , 

Goodman , R. M. and R.J. GioBen. 1970. Bioinstrumentation. a sealing 
material for implanted devices. Biosci. 20:1066-1068. 



69 

Greenwood, R.J. and A.S . Sargeant . 1973. Influence 
on captive mallards and blue-winged teal. 
37 , 3- 9. 

of radio packs 

Hammond , M.C. 1950. Waterfowl damage 
Souds Refuge and vicini ty. 
typed 17 pp. 

J . Wildl . Manage . 

and control measures, Lower 
U. S . Fish and Wildl . Serv o 

Hammond, M.C. 1951. Waterfowl damage 
Souris Refuge and vicini ty. 
typed 30 pp. 

snd control measures, Lower 
U.S . Fish s nd Wildl. Serv o 

Kammond, M.C . ~954. Waterfowl damage and control measures, Lower 
Souris Refuge . U.S . Fish and Wildl. Servo typed 27 pp. 

Hammond, M. C. 1961. Waterfowl feeding station for controlling duck 
losses. Trans . N. Am. Wildl. Conf . 26 : 67- 79. 

Harding, P .R. , F.S. Chute and A. C. Doell . 1976 . 
reliability for radio transmitters . J . 
40,357- 358 . 

IncreaSing battery 
Wildl. Manage . 

Bocbbaum , H.A. 1942 . Sex and age de t ermination of waterfowl by 
cloacal examina tion . Trans. N. Am. Wildl . Conf. 7 :162- 171 . 

Hochbaum ~ H. A. 1955 . Travels and er adition of wa t erfowl. The 
University of Minnesota Press~ Minneapolis. 301 pp. 

Hochbaum, a .A. , S. T. Dill i on and J.L . Howard . 1954. An experiment in 
the control of waterfowl depr edations. Trans. N. Am . Wildl . 
Coni. 19 :176-181 . 

Horn, E. E. 1949. Waterfowl damage to agricultural cr ops and its 
contr ol . Tr ans. N. Am. Wildl. Conf. 14:577-586. 

Howard, J.L. 1954. A r eport on the study of water fowl depredation 
on the Portage Plains dur ing the 1954 harvest season. 
Man. Game Sr. typed 10 pp . 

Jordan , J . S. 1953a . Consumption of cerea,l grains by migratory water­
fowl . J. Wildl. Manage. 17:120- 123. 

Jo r dan, J.S . 1953& . Effects of s t arvation on wild mallards. J . Wildl . 
Manage . 17:304-311. 

Jurick, D.R. 1978. An evaluation .of the 1977 crop damage 
gram in Manitooa. Can. Wildl. Serv., Winnipeg . 

control pr o­
typed 38 pp. 

Kendeigh, S .C. 1934. The role of environment in the life of birds . 
Ecol. Monogr . 4:299-417 . 

Kendrew , W.G. and B.W. Currie . 1955 . The climate of central Canada. 
Queen ' s Printer, Ottawa . 194 pp . 

-



70 

Krentz, H. 1959. Duck feeding program- 1959 . Man. Game BrAnch. 
tYPed 8 pp . 

Krenez, H. 1960. Duck feeding programc 1960. Man. Game Branch. 
tY1'ed 7 pp. 

MacKay, R.S. 1970. Bia- medical telemetry . 2nd ed . John Wiley and 
Sons Inc. I New York . 533 pp . 

MacLennan, R. 1973 . A 
Saskatchewan. 
38 pp . 

study of waterfowl crop depredation in 
Sask . Dept. Nat. Rescue . Wildl. Rep . 2, 

McKinney. F. 1965. The co~ort movements of anat1dae. Behav. 
25,122- 211. 

Munro, D.A. 1952. Control of crop damage by ducks 
Saskatche .... an. Can. Wildl. Setv .• Ottawa. 

at Moss Bank, 
typed 24 pp . 

Murton, R.K. 1968. Some predator- prey relationships in bird damage and 
population control . Pages 157-169. In The pro&lems of 
birds as pes ts. Acad . Press, New York . 

Murton, R.K. 1974. The use 
vertebrate pests . 
disease control. 

of biological methods in tne control of 
Pages 211-232. I n 8iology in pest and 

Blackwell Scientific Publications, London. 

Nie, N.H., C.H. Hull, J .G. Jenkins, K. Steinbrenner and D.H. Bent . 1975 . 

Norman, 

Statistic .package for the social sciences. McGraw-Hill Book 
Co ., New York . 675 pp. 

K.D. 1980. Waterfowl br eeding 
1980. U. S. Fish Wildl. Serv o 

pair survey southern Alberta 
Typed 19 pp. 

No rth. M.O. 1978. Commer cial chicken production manual, 2nd ed. 
AVl Publishing Company Inc . , West Port, Connecticut, 692 pp. 

Olney, P.J . 1964. 'I.'he food of mallard Anas elstyrltyncb.os platyrhync...~s 
collected from coastal and estuarine areas. Proc . Zool . Soc . 
London 142:397- 418. 

Owen, M. and W.A. Cook. 1977. Variation in body weight, wing leugth, 
and condition of mallard ~ platyrnynchos platyrnynchos 
and dne1r re1stions~p to environmental changes . J . Zool . , 
Lond. 183:377- 395 . 

Renewable Resources Consulting Services Ltd . (RRCS ) . 1969. A study 
of waterfowl damage to grain cropB in Alberta. Alberta Fish 
Wildl. O;v. Typed 166 pp . 



71 

Schladyeiller, I.L . 1969. Survival and Behaviour of Hand Reared 
Mallards· CAnas platyrh.yncnos } Released in the Wild. M. Se . 
Thesis, University of Minnesota, ~nneapolis. SIP, 
referenced in John Tester Interpretation of Ecological and 
Behavioural Data on Wild Animals obtained by Telemetry with 
special references to errors and uncertainties. Pages 
383-400 . In Proe. Symp. Biotel. CSIR. South Africa. 

Scnoennagel, E. 1963. Dependence of evening feeding fligh ts of mallards 
on lignt intensity. Proe. Intern. Ornichel . Conge . 13 : 293-
298. 

Siegfried, W.R., P,G. Frost and I.J. Ball. 
packages on African black ducks. 
7:37-40. 

1977. Effects of radio 
S. African J. Wildl . Res, 

Snedecor, W. and W.G. Cochran. 1967. Statistical Methods, 7th Edition . 
Iowa State University Press, Ames, Iowa. 593 pp. 

Sow1s, L.K. 1955 . Prairie ducks. A study of their behaviour ecology 
and management. The Stackpole Co ., ~arrisburg. Pa. and The 

. 'ilildl :~ . Hanage. lnst . Wash.:i:ngton, D.C . 193 pp. 

Stiles , W. and E.C . Cocking. 1969. An introduction to the principals 
of plant physiology. Methuen and Co. Ltd . , London. 633 pp . 

Street, M. 1975. Seasonal changes in diet, body weignt and condition 
of fledged mallard CAnas platyrnynchos platyrhynchos L. ) in 
eastern England. Trans. Int. Congr. Union Game BioI. 12:17 . 

Sugden, L.G. 
J. 

1971 . 
Wild!. 

Metabolizable energy of small grains for mallards. 
Manage. 35:781- 785. 

Sugden, L. G. 1976. Waterfowl damage 
Can. Wildl. Serv., Ottawa . 

to the Canadian prairies. 
Occasional paper no. 24 . 25 pp. 

Sugd.en, L.G. 1979. Grain consumption by mallards . WUdl. Soc . Bull. 
7:35-39. 

Sugden, L. G. and E.A. Driver. 1979. Mallard use of small wetlands 
during the crop damage season. Can . Wildl. Servo Prog . No tes 
100. 5 pp. 

Tester, J . 1971. Interpretation of ecological and behavioural data 
on wild animals obtained by telemetry with special reference 
to errors and uncertainties. Pages 383- 400 in Proc. symp. 
B:i.~te.l • .. CSrR, Pretoda. Sou tK. Africa . 

-



72 

Winner , R.W. 1959. Field- feeding periodicity of black and mallard ducks. 
J . wildl . Manage. 23 :197-202. 

Winner, R.W. 1972. Activity of black and mallard ducks 1n a controlled 
environment. J. Wildl. Manage . 36:187- 191. 

Young, D.A . 1977 . Char acteristics of the moults in the male mallar d 
(Anas platyrhyncnos) . M.Sc . TheSiS , Univ . of Alberta , 
Edmon ton , 107 pp . 



73 

APPENDIX A 

EQUIPMENT 

Appendix Al 

Transmitter Packages 

All the SM-l radio packages (Fig . AI-I ) were constructed in the 

same manner . Heat shrinkable tubing (length 12 em) was threaded over 

the antenna wire and positioned at its base to help prevent moisture 

from collecting at the base of tne antenna, thereby preventing corrosion 

and premature breaking of ene antenna . Strength at the antenna base 

was also i ncreased . 

The encapsulating material was a mixture of Elvas 260 vinyl resin --

and sealing wax (Dupont 1966. Goodman and Gibson 1970) mixed in a 1 to 

1 ratio (per sonal camminication - Fred Anderka, Bioelectronics Technician 

C .~.S. ) . Bach compounds were placed to a beaker and heated . Melting 

occurred at about BOcC . The mixture was stirred and placed in a vacuum 

oven for 12 ~ to remove any air bubbles. me material in the liquid 

state was extremely viscous and this facilitated molding into die 

desired shape . 

One piece of vinyl tubing , approximately 6 mm inside diameter (1.0.), 

by 20 mm in length was placed at eac~ end of the radio package and 

secured i n place with the encapsulating compound, thereby providing 

attachment for the ha rness. 

The SM-I transmitter was powered by one 1 . 35 volt battery, ~~llory 

• 



Figure Al- l . SMl Trans mi t t er package 
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model MP 675. Life expectancy varied due to the different current drain 

of each transmitter. Theoretical maximum transmitting life expectancies 

were 89 days (5 units). 100 days (3 units). 114 days (13 units) and 133 

days (1 unit). Weight of ilie assembled packages was between 10.1 g and 

13.7 g. The rubber harness weighed an additional 7.3 to 8 . 3 grams. 

Two SB- 2 transmitters (AVM Instrument Company) were used. Antenna, 

battery connections, and single strand thin copper capacitor wire were 

attached, as per instructions from AVM Instrument Company Telemetry 

Manual (1974). Two 1 . 35 volt batteries, Mallory model MP 630, were con­

nected in series to equal a 2.70 volt output required by the SB- 2 trans­

mitter. Theoretical life expectancy of the transmitter packages we~e 

45 days eac~. Encapsulating mate~ial ~as the same used fo~ the SM- I 

units . The wei~ts of the packages we~e 33.4 and 32.4 grams with an 

additional harness weight of 7.3 to 8.3 grams each. 

Radio package malfunction. alteration in frequency or pulse rate or 

termination of the signal, ~ere associated ~ith either the transmitter 

or batteries. Transmitters were field tested as to factory specialized 

frequency, pulse rate and current draw. Battery voltage was checked . 

Batteries were also x- rayed to de termine manufacturing flaws and partially 

spent batte~ies (Harding et al. 1976) . X- ray photography was done by 

Mr . Giardino at the Manitoba Agricultural Services Comp lex . Mallory 

MP 675 batteries were x-rayed and photographs were bracketed as to 

suggested voltages and exposures. Results were inconclusive and the test 

~as of no value. Transmitters were activated seve~al days before being 

attached to a mall.a,rd to assure at least initial transmitting success . 

The harness material was pure latex (amber) 3 . 2 mm I . D. by 4 . 8 mm 
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outside diameter (0 . 0 . ) . The capac1to~ wire was threaded into the tubing . 

Two harness loops were used (Dwye r 1972). The loop ends were secured 

to each other with ridged glass rods approximately 25 mm in length 

prepared from 3 mm I . D., 5 mm 0.0 . glass tubing. 

The harness was made of pure latex rubber tueing (amber) versus 

vinyl tubing because of its elasticity. This was necessary because of 

a significant loss of pectoral muscle mass during die flightless period 

(Young 1977). The harness had to allow for the increase in body cir­

cumference due to increased pectoral mass in the time following the 

flightless period (Young, 1977) and' the subsequent increase in body 

weight (Owen and Cook 1977j Folk ee al. 1966). This increase in body 

weight was due mainly to an increase in ~e amount of body fat (Street 

H~). 
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Appendix A2 

Stationary Towers 

Three different tower structures were used with the antenna systems: 

1. 9.14 m (30 ft) Delhi Pop- Up Towers Model No . JOA were used to 

support the 11 element antenna, 

2. 12.19 m (40 ft) Delhi Pop- Up Towers Model No. 40A were used to 

support the 4 element antenna, and 

3 . 15.85 m (52 ft) Delhi Self- Supporting DMX Series Concrete Base 

Towers Model No. DMX-52 were used to support the null- peak antenna 

systems . 

The tower mounted antenna increased the receiving range between 

the receiving and trans~tting locations CAVM Instrument Company Manual 

1974) . 

In 1977, 9.14 m and 12.19 m pop- up masts (Fig . A2- 1) ~ere used. 

The masts were supported oy guy wires anchored to metal stakes in the 

ground and attacfied to tne collars on the masts . An azimuth circle was 

located at the base of thf! tower, with the mast shaft paSSing through 

the centre of the azimuth circle. A pointer was attached to the shaft 

such that the antenna and pointer moved together . These to .... ers had 

problems associated with their structure: 

1. The collar s to which the guy wires were attached would lock on to 

the tower shaft, thereby preventing rotation . Therefore, the point 

where the collars rotated was modified . A hole was drilled and a 

4 . 8 mm split pin was inserted such diat die collar rested on the 

split pin . The area was generously lubricated with grease. 

• 



Figure A2- l . Schematic diagram of the pop - up mast. 
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2. The guy wires ~ere not taut, therefore, the masts bent in high 

winds. this eventually produced a permanent bow in the mast . 

Therefore, when the mast was rotated, the pointer did not follow 

a circular padh on the azimuth circle. 

3 . The 12.19 m mast would only support the 4 element antenna . The 

9.14 m mast would support either the 4 element or 11 element 

antenna . Neithe r would support a null-peak antenna system due to 

the excess weight. 

4. The mast could not be rotated repeatedly in one direction through 

360° arcs because antenna lead movement was restricted by the guy 

wires. Therefore, it became necessary to rotate the mast in one 

direction and then in the other. 

Due to the latter three pr oblems, a modified self-suppor ting tower, 

Delhi DMX 52 was used in 1978 (Fig . A2-2 and 3) . A shaft made up of 

five 18 gauge 31 .75 mm O.D ., 3.05 m 1engdis of swedged mast tubing'bo1ted 

togecner and supported by 3 Delhi MOdel B8MB sealed bearings was 

centered w1~ . the superstructure of the tower . The bearing had suffi­

cienc inside diameter of 50 .8 mm to allow the shaft and 2 antenna leads 

to pass tnrough i t. The shaft was supported securely by the bearings 

and dherefore turned easily at die base and could support a null- peak 

system. Windy conditions had no adverse e£fect on the function of die 

unit. 
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Figure A2-3 . Pictur es of the modified DMX-S2 t ower . 
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Appendix AJ 

Mobile aOLenna mas ts . 

Two mobile null-~eak antenna syscems were constructed . the firs t 

unit (Fig. A3- 1 and 2) was used in 1977 and during part of 1978 . The antenna 

was used only when the vehicle was in a scationary position. The mas t 

was on a hinged wooden plate in the truck box and was raised or lowered 

manually (Fig. AJ-3). When the vehicle was moving, the antenna was in the 

horizontal position. In the vertical position, the antenna was approxi­

lIl8tely 3.8 m above the grol.Uld . The opera cor manually turned the mast. 

This unit was equipped with a null-peak antenna. 

The second unit was a completely mobile unit (Fig . A3- 4 and 5). used 

only in 1978 . It had been time consuming to stop and to raise and lower 

the first unit described . Therefore, an antenna system that was fully 

operabie while the vehicle was in motion was constructed. This W'llS 

accomplished by having the antenna mas t extending through the cab roof 

of the vehicle , thus enabling the vehicle driver or second party in the 

truck to turn the mast from wi.thin the cab. A null- peak. antenna system 

was used. The mast was made of 25.4 mill ( 1 in) superior shafting 

(P ritchard Engineering, Winnipeg, Manitoba) . Three self-aligning 25.4 

I!Dl1 bearings were used on the shaft, two of these were for supportive pur­

poses and the third had an azimuth circle secured to i t. One bearing 

was located on the roof of the cab and the second W'as located on the 

floor of the cab. The mast was solid steel, therefore, two grooves W'ere 

cut in the snaft at the point where it passed through the cab roof 

bearing to allow the antenna leads to enter the cab. A plywood plate 
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Figure AJ - 2 . Pic tures of the mobile tower (1977) in operating position . 



.. 

Figure A3- 3 . Pictures of the mobile tower (1977) in transporting 
position . 

85 



Figure A3- 4 . Schematic diagram of the 1978 mobile tower. 
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Figure A3-5 . Pictures of the 1978 mobUe tower . 
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was positioned 50 that one end of it rested in the dash where the vehicle 

radio was supposed to be and the other end was secured to the third 

bearing. The azimuth circle was secured to this wooden plate. .~ 

azimuth pointer was soldered onto a 25.4 !!lID. collar which was secured to 

the shaft, above the azimuth circle. The mast was oriented perpendicular 

to the horizontal axis of the truck. The ~n antennae were secured to 

the tOP of the mast so that when the vehicle was in motion, the antenna 

array was always oriented in the direction the vehicle was travelling. 

Autorotation of the mast did not occur. The antennae were 2 . 2 meters above 

the ground . 
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Appendix B 

Regression Analysis 

Definitions of variables used in regression analysis. 

Light intensity 

Relative humidity 

Temperature 

Low tempera cure 

High.. temperature 

Cloud cover 

Wind speed 

Wind direc tion 

Barometric pressure 

Baroslope 

Sex 

Bird 

Weight of bird 

- l's the incident light measurement on a scale 

of 0-22 (Appendix B ) mi.nimum to maximum 

light intensity. 

- Is the ratio of the amount of water vapour 

present i n a fixed volume of air to the 

amount that could be held by the volume of 

air if it was saturated. 

- Air temperature in degr ees celcius tOe) . 

- Lowest air temperature (oC) at nignt. 

o - Highest air temperature ( C) during the midday. 

The amount of cloud covering the sky from 

horizon to horizon. 

- Velocity of wind in kilometers per hour . 

- Measured in degrees of the compass . . 

- Measured in kilopascals (kpa) . 

- The slope of the barometric pressure prior to 

the monitored field- feeding period. 

Is the sex of the mallard denoted by the dummy 

variables 0 - male and I = female . 

- Is a dummy variable for "each. mallard designated 

DY the las t two digi ts of the U.S. Fish and 

Wildlife leg band . 

- Is the weight in grams of each mallard at the 

time it was radio-equipped . 
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Table SI . The light intensity on a scale of (0- 22) converted to lux 
units by log transformation . 

Light
l Lu~ 2 Log of 

.un.i ts' Un1:ts · lux uiirts· 

0 0.00 0.0 

1 0 . 17 -0.7695 

2 0.35 ·0.4559 

3 0.7 - 0.1549 

4 1.4 0.1461 

5 2.8 0 . 4472 

6 5.5 0.7404 

7 11. 0 1. 0414 

8 22 1.3424 

9 44 1 . 6434 

10 88 1.9444 

11 175 2.2430 

12 350 2.5441 

13 700 2.8451 

14 1400 3.1461 

15 2800 3 .4472 

16 5500 3.7404 

17 11 , 000 4.0414 

18 22,000 4. 3424 

19 44,000 4.6434 

20 88,000 • 4.9445 

21 175,000 5.2430 

22 350 ,000 5.5440 

IDeno~es light unit scale from Grossen LunasLx 3 Light Meter. 

2Uenotes lux unit equivalent for each light unit equivalent. 

----______________ 11 



Table B2 . Summary of the regression analysis of all variables concerning mallards arrival at a field­
feeding site in the morning during periods of no rain. 

Dependent Variable - Arrival at a field-feeding site 

Independent 
variable 

Light Intensity 1 

Relative Humidity 1 

Cloud Cover 1 

Temperature 1 

Low Temperature 

Wind Speed 1 

Barometric Pressure 

Sex 

Bird 

Wind Direction 1 

Baros1ope 

(Constant) 

1 

Multiple , 
0.85812 

0.93097 

0.93756 

0.94507 

0.95712 

0 . 96722 

0.97056 

0.97154 

0.97219 

0 .97290 

0.97297 

Equation : SE a 0.08869 

F a 62.937 

df - 40 

Hultiple 
,2 

0.73638 

0.86670 

0 . 87902 

0.89316 

0.91608 

0 . 93551 

0.94199 

0 . 94390 

0.94515 

0.94654 

0.94667 

1 Recorded at the time of arrival at a field-feeding site . 

2 Multiple R Regression 
change {flR2~ coefficients 

0.73638 0.0666759 

0.13032 -0.0865998 

0 . 01232 0.0142760 

0.01415 -0. 08811t 31 

0 . 02292 0.0963785 

0 . 01943 0.0113761 

0.00648 0.0187994 

0.00191 0.0820984 

0.00126 -0 .0056988 

0.00138 -0.0001624 

0.00014 -0.0179703 

-9.934253 

F 
value 

247.095 

118 .155 

7.692 

37.387 

29.758 

6.823 

4.336 

2.933 

1 . 145 

0 . 890 

0.099 

~ -



Table B3 . Summary of the regression analysis of all variables concerning mallards arrival at a field­
feeding site in the morn i ng during periods of rain. 

Dependent Variable - Arrival at ·a field-feeding site 

Independent Multiple Hultiple Multiple R2 F 
variable • .2 change ~R2} value 

Light Intensity 1 
0 .8U87 0.71042 0 . 71042 0 . 1543838 35.145 

Sex 0.86557 0.74922 0 . 03879 -0 . 2720232 2.015 . 1 Wi nd · Direction 0.87087 0.75842 0 . 00920 -0.0019767 5.342 

Temperature 1 
0 . 87828 0.77138 0 . 01296 -0.1967393 4.410 

Low Temperature 0.88975 0.79166 0.02028 0.1324702 3.381 

Bird 0 . 89438 0.79992 0 . 00826 0.0236545 1.244 

Wind Speed 1 
0.89933 0.80879 0.00887 0 . 0245270 1.403 

Baros1ope 0.9029.5 0.81532 0 . 00653 0.2532093 O.fOl 

(Constant) -0.7881774 

Equation: SE .. 0 . 272 

F '" 9.381 

df .. 25 

NOTE : 1 1 1 
The relative humidity • barometric pressure • and cloud cover failed to meet inclusion criteria. 

lRecorded at the time of arrival at a field-feeding site. 

~ 
N 



Table B4. Summary of the regression analys i s of all variables concerning mallards departure from a 
field-feedi ng site in t he morning dur ing periods of no rain . 

Dependent Variable - Departure from a f i eld-feeding s i te 

Independent Hultip l e Hultiple Multiple R2 Regression 
variable • .2 chllnge. ~ coefficients 

Light IntensJty 1 
0 .4 2775 0 . 18297 0. 18297 0.0430616 , 1 Tempera tu re 0 . 57564 0 . 33196 0.14839 0.1228615 

Cloud Cover 1 
0 . 64081 0.41063 0.07927 0.0821743 

Low Temperature 0 . 74238 0 . 55113 0 . 14050 -0 .1184172 

Relative Humidity 1 
0 . 78136 0 . 61052 0 . 05939 -0.0158590 

Hind Di rection 0 .80070 0.64 112 0.03060 -0 . 0007489 

Baroslope 0.!i11 74 0.65891 0.01780 0 . 3227135 
Barometric Pressure 0.81936 0.66318 0 . 00426 -0.0260238 
Sex 0.81584 0.66560 0.00242 -0 . 135372 4 

Bird 0.81978 0.67204 0.006'14 -0 .0125329 
1 

0.82002 0.00038 Wind Speed 0.67243 0.0027077 
(Constant) 25 . 45411 

Eq uation : 51:: .. 0.24808 

F - 6 . 905 

df Q 48 

~ecorded at the tiDle of departure from.a field-feeding si te. 

,. 
value 

2.765 

17 . 317 

23.469 

6.748 

3.613 

1. 62y 

2 . 470 

0 . 752 

0 . 968 

0.740 

0.043 

~ 

w 

1 



Table B5. Summary of the regression analysis of all variables concerning mallards departure from a 
field-feeding site in the morning during periods of rain. 

Dependent Variable - Departure from a field-feeding site 

Independent 
variable 

Light Intensity 1 

. 1 
land Speed 

Bird 

Sex 

Wind Direction 1 

Temperature 1 

Low Temperature 

(Consrant) 

Multiple , 
0 . 90065 

0.96635 

0 . 97502 

0 . 97862 

0.98043 

0.98317 

0.98380 

Equation: SE '" O . 18~ 

F = 43.011 

df ... 17 

Multiple 
,2 

0 . 81117 

0.93382 

0.95066 

0 . 95770 

0.96125 

0 . 96662 

0.96785 

Multiple R2 Regression 
change (t.,R2) coefficients 

0.81117 0 . 5730898 

0.12266 0.0289274 

0.01683 0.0366526 

0.00705 -0.2556454 

0.00354 -0 . 0018402 

0.00537 -0.0528811 

0.00124 -0 . 0286104 

-6.542290 

NOTE: 111 
The baroslope , barometric pressure. cloud cover . and relative humidity failed to meet 

inclusion criteria. 

lRecorded at time of departure from a field-feeding site. 

F 
value 

76.699 

15.52) 

5.041 

3.046 

2.426 

1.010 

0.385 

~ 

~ 



Table 86. Summary of the regression analysis of all variables concerning the duration of stay of 
mallards at a field-feeding site i n the morning during periods of no rain . 

Dependent Variable - Duration of time field-feeding 

Independent Multiple 
variable , 

Change in Light Intensity 1 
0.68000 

Low Temperature 0.70755 

Change i~ Relative 
Humidity 0. 74898 

Weight of Hallard 
2 

0 . 76802 

Baroslope 0.78137 

Change 1n Cloud Cover 1 
0 . 80149 

Change in Barometric 
Pressure1 0 . 82669 

Change in Temperature 1 0.83300 

Sex 0.83348 

Bird 0.83408 

(Constant) 

Equation: SE - 0.272 

.. 8.916 

- 49 

F 

df 

Multiple 
,2 

0 . 46241 

0 . 50062 

0.56097 

0.58986 

0.61053 

0.64238 

0.68342 

0.69389 

0.69468 

0 . 69569 

1 
Change equals variable at arrival minus variable at departure. 

2 
Wei~ht at radio7 equipping. 

Hul tiple R 2 RegreSSion 
change (l\R2) coefficients 

0.462U -0.0764015 

0.03822 0.0237773 

0.06035 0 . 0048473 

0.02889 0 . 0012985 

0.02067 -0.6580598 

0.03185 0.0571821 

0.04105 -0.2000080 

0.01046 -0.0337201 

0 . 00079 - 0.0743273 

0.00101 0.0056132 

- 1. 329750 

F 
value 

41. 737 

J.294 

0.474 

1. 758 

10.412 

3.303 

5.418 

1.394 

0.224 

0.130 

~ 
~ 

I 
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Table 87. Summary of the regression analysis of all variables concerning the duration of stay of 
mallards at a field-feeding site in the morning during periods of rain. 

Depe ndent Variables - Duration of time field-feeding 

Independent Multiple Hultiple 
2 

Regression Multipl e R 
variable • .2 change (ll.R2) coefficient.s 

Baroslope 0.65952 0 . 4]497 0.43497 -0.7979781 , 1 
Change 1n Temperature 0 . 80787 0.65265 0.21768 0 . 1983507 

Cha nge 1n Light Intensity 1 0.90169 0.81304 0.16039 -0. 1233299 

Low Temperatuce 0.95336 0.90890 0.09586 0.0871446 

Change in Barometric 
PressureI 0 . 96089 D, 92331 0.01441 0 . 2958926 

Weight of Birds 0.96110 0.92372 0.00042 0,000)810 

Bird 0.96118 0.92366 0.00014 -0.00)0861 

(Constant) -0.4810532 

Equation: SE 0.287 

F .. 17.333 

df .. 17 

NOTE: 
1 1 

Sex, change in cloud cover and change in humidity did not meet inclusion criteria. 

1 
Change equals variable at arriva i minus variable at departure. 

2 
Weight at radio equipping. 

F 
value 

5.039 

4.088 

17 . 337 

11. 201 

0 . 891 

0.057 

0.018 

~ 
~ 
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Tabl e B8. Summary o f the regressio n a nalysis of al l variab l es concerni ng the arrival of ma llard s at a 
fi e ld-feed ing s i te in the eve ning for those mallard s that fie l d-fed twice per day. 

Depe nd e nt Variable - Arriva l at a field-feed ing sl t e 

Indepe nd e n t Multiple Mul tip l e Multipl e R2 Regression F variable R R2 cha n~e ( R2) coe fficie nt s val ue 
Li ght Inte nsityl 0.89652 0. 80375 0 .80375 0 .0665765 23.555 
Cl oud Cover! 0.93593 0 .87596 0.07222 0 . 0148357 3.024 
On Mar~h 2 0.95289 0 . 9080 1 0.03204 - 0 .328674 1 9.580 
Morning Departure From 
Fie ld- feed ing 0.96741 0.9358 0.02787 -0.23748 18 4.373 
lIi gh Temperature 0.972 12 0 .94502 0 .00915 - 0. 0 34 5843 15.977 
Temperature l 0.97 514 0.95091 0 . 00 588 0 .060345 1 16. 163 
Re l a ti ve Uumidity l 0.97743 0 .950537 0 .00447 0.0083228 5.549 
Ba rometric Pressure ! 0.98181 0 .96395 0.00858 0 . 0279780 9.675 
Sex 0.98269 0.96568 0.0017 3 - 0 . 1212289 3. 868 
Bi r d 0.98374 0.96775 0.00206 0.0 1131768 2 . 875 
Wind Speed l 0.98421 0.96866 0.00092 0.Q02260B4 0.200 
Duratio n of Nornin g Field-
Feeding Period 0.98448 0.96920 0.0005t, 0.0388956 0.t,79 
Wind Direction ! 0.98450 0 .96 925 0 . 00004 0.0000769 0. 11 2 
Baroslope 0.98455 0.96931, 0.00010 0.03581,1,6 0.091 
(Cons tan t) 

-23.77305 

Equat i on : SE 0 . 106; F 65.495; df = 43 

IRecorded at time of ar rival at a field-feedi ng site. 

20n marsh equal s arriva l time in the evening fi e ld-feeding pe riod minu s depart ure time in t he mor n ing 
fie ld-feeding period. 

~ 
~ 



Table 89 . Summary of the regression analysis of al l variables concerning the arrival of mallards at a 
fie l d-feeding site in the evening for those mallards that field-fed in the evening only. 

Dependent Variable - Arrival at a field- feeding site 

Independent Multiple Multiple 
variable , ,2 

Light Intensity 1 0.79]19 0.62915 

Wind Speed 1 0.92350 0.85285 

Sex 0.94378 0.89072 

Il1gh Temperature 0 . 95569 0.91334 

Baroslope 0 . 96612 0.93339 

Wind Direction 1 0.97724 0.95500 

Temperature 1 0.99049 0.98106 

Bird 0.99436 0.98674 

Relative Humid ity 1 0.99801 0.99603 

Cloud Cover 
1 

0.99943 0.99886 

(Constant) 

[quation : SE m 0.050 

F .. 87.991 

df ..,. 11 

NOTE: 
1 Barometric pressure did not meet inclusion criteria. 

~ecorded at time of ar:rival '<)t a field-feedin3 site: 

2 Regression ~Iultiple R 
chan~~ coe fficients 

0.62915 0.0860581 

0 . 22370 0.0461587 

0.03787 0.2793347 

0.02262 0.0443505 

0 . 02005 0 . 5141192 

0 . 02160 -0.0041268 

0.02606 -0 . 0838125 

0.00768 0.0483173 

0 . 00728 -0.0265670 

0.00284 -0 . 0552119 

1. 584711 

F 
value 

65 .898 

7.740 

6.466 

8.365 

12.806 

20 . 987 

35.494 

14 .672 

8.763 

2.502 

~ 

00 

. 



Table BIO. Summary of the regression analysis of all variables concerning the departure from a field­
feeding site for all mallards in the evening. 

Dependent Variable - Departure from a field-feeding site 

Independent Multiple Multiple Multiple Rl Regression F 
variable • .2 change (6R2) coefficients value 

Light Intensity 1 
0.90358 0.81646 0.81646 0 . 0827056 149.301 , 1 

Wind Speed 0.92173 0.84951 0.03313 0 . 0080944 4.057 
Wind Direction 1 

0 . 92780 0 . 86081 0 . 01122 -0.0003729 3.222 

Bird 0.92897 0.86299 0.00219 -0 . 0072694 1.971 

Sex 0.93152 0,86773 0.00474 0.0612179 1.421 

Barometric Pressure 1 
0 . 93229 0.86916 0.00143 -0.0030886 0.235 

Relative Humidity 1 
0.93298 0.87045 0.00130 -0.0042425 1.344 

Baroslope 0.93379 0.87197 0.00151 0.0727438 0.578 
High Temperature 0.93405 0.87244 0.00048 0.0049880 0.620 

Cloud Cover 
1 

0.93467 0,87362 0,00117 0,0047983 0,380 
Temperature 1 

0.93499 0 . 87.420 0.00059 -0.0039551 0.192 
(Constant) 2.42'1951 

Equation: SE '" 0.104 

F .. 25.902 

df - 52 

lRecorded at tiDle of departure froDl a field-feeding site . ~ 
~ 
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Table 811. Summary of the regression analysis of all variables concerning the duration of stay at a 
field-feeding s ite in the evening for those mallards which field- fed twice per d~y_ 

Depe ndent Variable - Duration of time field-feeding 

Independent Multiple Multiple Multiple R2 Regression 
variable R R' chan8e ( R2) coefficients 

• 
value 

Change in Light Intensityl 0.086405 0: 7'1658 0.74658 0.0461244 48.2 16 

On Marsh 2 0 .89972 0.80949 0.06291 -0. 4599027 

Mornin g . Departure From 
Field-Feeding 0.96196 .0.92536 O. Lt587 -0.5301399 

lIigh Temperature 0.96775 0.93653 0.01117 - 0.01481195 

Change in Temperature l 0.97648 0.95351 0.01698 O. 0928264 

Height of Bird3 0.97893 0.95830 0.0047R 0 . 00127213 

Change in Relative 
Humidityl 0.97972 0.95986 0.00156 0.0057427 

Sex 0.98023 0 .96086 0.00100 O. 0f!606 716 

Change in Barometric 
Pressure! 0.98070 0.96177 0 .0009 1 0.0507075 

Duration of Morning Field-
Feeding Period 0 .98102 0.96241 0.00023 0.0427240 

Bird 0 .98103 0.96242 0.00002 0.0006576 

(Constant) 8.943205 

Equation: SE 0.111; F = 59.763; df ~ 40 

NOTE: Change in cloud cove r l did not meet inc l usion criteria. 

lChange equal s variable at arrival time minus variable at departure time. 

20n marsh equa l arrival time in the evening field-feeding period minus . departure time in the mornIng 
field-feeding period. 

3We i ght at radio-equipping. 

99.309 

38.536 

8.083 

9.980 

3.686 

1.597 

0.762 

0 .8H 
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0.013 
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