Territoriality and Mating Behavior of the Male Brown-Headed Cowbird
Author(s): J. A. Darley
Source: The Condor, Vol. 84, No. 1 (Feb., 1982), pp. 15-21
Published by: University of California Press on behalf of the Cooper Ornithological Society
Stable URL: http://www.jstor.org/stable/1367814 .
Accessed: 26/08/2013 14:39
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at .
http://www.jstor.org/page/info/about/policies/terms.jsp

.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

.

University of California Press and Cooper Ornithological Society are collaborating with JSTOR to digitize,
preserve and extend access to The Condor.

http://www.jstor.org

This content downloaded from 140.184.72.106 on Mon, 26 Aug 2013 14:39:42 PM
All use subject to JSTOR Terms and Conditions

Condor84:15-21
? The CooperOrnithologicalSociety 1982

TERRITORIALITYAND MATING BEHAVIOROF THE
MALE BROWN-HEADEDCOWBIRD
J. A. DARLEY
ABSTRACT.-The social behaviorof 154 bandedmale Brown-headedCowbirds
(Molothrusater) was studied at London, Ontario in 1966 and 1967. Aggressive
encountersbetweenthem appearedto involve eitherthe establishmentand maintenance of a dominance hierarchyor the guardingof residentfemales. Dominant
males mated with resident females in mostly monogamous relationships.Males
occupied specific ranges but did not defend them. Dominant males, however,
defended their mates, and females sometimes defended their males from other
females. Excess males were presentand in breedingcondition. They attendedany
female during her mate's absence, courtingand guardingher from advances by
other males and occasionally copulatingwith her.
The reproductive behavior of male Brownheaded Cowbirds (Molothrus ater) presents
several interestingproblems. Reports on territorialbehaviorarecontradictory.Friedmann
(1929) reportedthat cowbirdswere territorial
whereas Nice (1937) and Laskey (1950) reportedthatcowbirdsdid not defendterritories.
Rothstein (1972) believed male cowbirds to
be territorialonly at certain times of day. If
territorialismexists in cowbirds,its origindiffers from that in other birds because defense
of a singlenest site, nestlingsand nestlingfood
supply are not needed in a parasitic species.
If the male is territorial,what is he defending?
Male cowbirdsoutnumberfemales by 1.5:1
(Friedmann 1929, McIlhenny 1940, Darley
1971). Scott and Middleton (1968) reported
that all the males they examinedwerein breeding condition, based on examination of testes.
If this is the case, do all males breed or are
some just potential breedersrestrictedby the
number of females? If bonds exist between
males and females, how are they maintained
in the presenceof so many other birds?
This paper considers some observationson
the defensivebehaviorand social relationships
of male cowbirds.
METHODS
I conducted this study in 1966 and 1967 on
the campus of the University of WesternOntario, London, Ontario,Canada,followingindividually color-bandedbirds throughoutthe
breedingseason from the end of March until
mid-July.I presenteddetailsof banding,colormarking, and recordingof behavior patterns
in Darley (1971). The areas of the ranges of
males were determinedby plotting the outermost points of observed locations of individual birds on an aerial photographof the study
area. For this purpose,I included all activities
except feeding. Feeding birds were excluded

because they traveledwidely and typicallyfed
in mixed groups at areas that I had baited.
After connectingthe outermostpoints to form
the rangeboundary,I measuredthe area with
a planimeter.The functions of behavior patterns were describedand discussed in Darley
(1968). Yearlings were distinguished from
adults by the presenceof some juvenile feathers in an apparent adult plumage (Darley
1971). I examined the testes of some males to
determinetheirreproductivecondition. Testes
were removed within 10 min of death, fixed
for 24 h in Bouin's solution, and then embedded in paraffin.I cut representative10-micron
sections and stained them with Ehrlich's
haematoxylinand eosin. The stained sections
were examined and classified according to
stages described in Scott and Middleton
(1968). The statistical tests used were found
in Snedecor (1956) and Steel and Torrie
(1960).
RESULTS
The cowbirds returnedto the campus at the
end of March or first week in April. Adult
males and femalesappearedfirst,followedtwo
weeks later by yearlingmales, who were followed about a week later by yearlingfemales.
About 60% of the adults were present when
the firstyearlingsarrived.
Male cowbirds occupied specific areas but
did not defend them. Aggressive encounters
of mated males (Table 1), unlike those of females (Darley 1968), were not concentrated
along the boundaries of these ranges; most
were seen within the boundaries.
Forty-onemales weremates of breedingresident females.The rangeof each of these males
usually overlapped most or all of his mate's
territoryand was normallylarger.These ranges
varied from 0.4 to 25.0 ha (mean 7.9 ? 1.0
ha; Fig. 1). When alone within his range the
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TABLE1. Locationof male-maleaggressiveencounters
of 1966 matedmales in relationto theirnon-feedingrange
in the study area.
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FIGURE 1. The non-feedingranges(--) of mated resident male cowbirdsat London, Ontarioin 1966.

male often gave low intensity "song spread"
with the accompanying"accent song" from a
high perch or "singing tree" (Friedmann
1929). These displays were similar to those
describedby Oriansand Christman(1968) for
Red-winged(Agelaiusphoeniceus),Tricolored
(A. tricolor) and Yellow-headed blackbirds
(Xanthocephalusxanthocephalus).The song
was repeated from this conspicuous position
and seemed to advertise the bird's presence.
I noted this behavior from the time of arrival
in the areauntil the end of the breedingseason
which, based on egg laying,extendedfrom the
first of May to mid-July (Scott and Ankney
1980). A male was consideredmated if he was
frequently observed with the female and, if
other males were present, he guardedher by
placinghimself betweenthe female and an approachingmale and directingsong spreadsat
the interloper. Guarding was first observed
about two weeks after the birds' arrival and
continuedthroughoutthe season. This behavior was particularlyevident if two pairs were
feeding together;they often moved in a line
with the two males on the inside and the two
females on the ends, each male preventingthe
other from approachinghis mate. The mated
male gave many song spreads to the female

while accompanyingher. This defense of the
resident female whenever she happened to
wander by another male was clear for those
pairs that I saw most frequently.The male by
his behavior establisheda monogamous relationship throughcontinueddefense of the resident female.
Birds held some degree of attachment to
their ranges, since outside males did not invade the study areawhen I removed 15 mated
males in 1967. However minor changes in
range did occur-four of nine males that became the mates of the widowed females and
three bigamists shifted their rangeswhen the
males were removed. The new rangesof these
males incorporatedthe territoriesof their new
mates, so the amount of shift in range dependedon the distancefromthe male's former
range to the female's territory.The territory
borders of the females of the three bigamists
were adjoining. The males continued to occupy their former rangesas well as their new
one. Thus, the extentof a male'srangepartially
depended on the location of his mate's territory.
The returnin 1967 of males observedin the
1966 study area (Table 2) also indicated the
attachmentof differentmalesto the studyarea.
Ten of 12 males mated in 1966 returned,indicatingstrongattachments.Despite returning
to familiar areas only five mated sucessfully
in 1967, suggestingthat successfulcompetition
for the few femaleswas not guaranteedby prior
success or familiaritywith an area. The 1967
ranges of eight of the mated males that returnedoverlappedvaryingproportionsof their
1966 ranges. The ninth male was seen once,
4 April 1967, on his 1966 rangeand the tenth
male was seen twice in the study area 200 m
and 700 m from his 1966 range on 7 and 16
June 1967.
Since 154 males were observedin the study
area and 41 were mated males, the status of
the remaining 113 requires clarification. In
addition to unmated resident males, they
probably included non-resident males from
nearby areas who were attracted by baiting
stations. I examined the behaviorof these 113
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TABLE 2. Status of males in 1966 and of those that
returnedto the study area in 1967.
Number 1967 statusof malesthat returned
to studyarea
of males
seen
Unmated Nonin 1966
Mated residents residents

Mated
Unmated residents
Non-residents

12
9
29

5
0
4

3
2
2

2
0
7

males to assess the reasons for their presence
and classify the birds.
Since all of the 41 mated males were observed more than five times I assumed that
males seen less frequentlywere more likely to
be non-residents. These were examined as a
group;76 of the 113 males were seen five times
or less. The activities attributedto 167 observations of their behavior were feeding (51%),
agonistic encounters (13%), courtship (17%)
and other (19%)e.g., flying, sitting, preening
and alarm call and accent song.
I examined the courtship and agonistic behavior to determine if some of these males
might be residents who were sighted infrequently. Their courtship behavior included
song spread,guarding,copulation and following (Table 3). Three of the eight observations
of song spread towards resident females involved the same pair of birds suggestinga possibly mated pair. In the other five song-spread
displaysto residentfemales,the mates of these
females were not presentalthoughin one case
the female's mate arrived immediately after
the display and chased the other male away.
Both observations of guardinga resident female (Table 3) involved the same possible
mated pair mentioned above. I observedcopulation only once, 5 May 1966, in the female's
territory one week after she first appeared
there. This female became mated to another
male. In three cases in which males followed
resident females (Table 3), the mates of these
females also accompanied them. Based on
courtship behavior only, one male who was

17

seen five times or less may have been a mated
male.
All but one of the agonistic encountersoccurredbetween males. In the male-femaleagonistic pattern a male chased a non-resident
female away from a resident female, who had
just given a number of threat displays to the
non-residentfemale. In 36 agonistic patterns,
includingsong spread,groupsong spread,billup, flightbill-up and chasing,only 33%of the
recipients were mated males, suggestingthat
most of these encounters involved strangers
to the study area.
All but one of the 76 males observed five
times or less were considered to be non-residents. The status of this single male was not
certain;he exhibitedguardingand song-spread
behavior with a residentfemale and appeared
to be mated to her. The other 75 males
showedlittle agonisticbehaviortowardsmated
males or courtshipbehaviortowardsbreeding
resident females. The courtshipwith resident
females that did occur was observed when
their mates were absent. Since much of the
courtship and agonistic behavior by these
birds was seen with non-resident recipients,
these males probably resided outside the
study area. They came to the study area accompanied by others primarily to feed and
continued courtship and agonistic behavior
while there.
The behaviorof the 37 unmatedmales seen
more than five times was also examined to
determine why they were in the study area.
The activities (624 actions in 543 observed
instances)in the area were feeding (41%),agonistic encounters(17%),courtship(20%),and
otherfunctions(22%)including:sitting,flying,
stretching,preening,alarmcall and accentcall.
The recipients of the courtship and agonistic
behavior were examined to determinethe associates of the 37 males. The courtship behavior includedsong spreadand guardingand
following (Table 3). In 24 of 25 observations
of song spread to resident females (Table 3),

TABLE3. Femalerecipientsof courtshippatternsperformedby 1) malesobservedfive times or less in the studyarea
and 2) males observedmore than five times in the area.
Numberof
observations
of malesin
studyarea

<5

>5

Courtshipbehaviorpatterns

a)
b)
c)
d)
a)
b)
c)

Song spread
Guarding
Copulation
Following
Song spread
Guarding
Following

Numberof
behavior
patterns

13
8
I
14
52
26
65

Femalereactors
Breeding
residents

Nonresidents

Unbanded
birds

8
2

5
5

1

3
25
14
29

1
4
4
12

5
19
8
12
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the mate of the female recipientwas not present. Similarly, in 13 of 14 observations of
guardingbehavior with resident females (Table 3) the mates of the females were not present, but one female's mate arrivedjust after
the display and displacedthe male that exhibited the guarding. Forty-nine percent of the
song spreadsand guardingswereperformedby
3 of the 37 males. One gave 9 of 10 observed
displays to unbanded female(s) (probably a
single unbanded female) and a second male
displayed seven times to unbandedfemale(s)
(probably a single female). These unbanded
females may have been residentsand the two
males their mates. The third male displayed
21 times: 7 to unbandedfemales, 2 to a nonresident and 12 to two resident females. This
male appearedto be an unmated resident of
the studyarea.In 45%of the instancesin which
females were followed, the bird who was followed was a resident.In 55%of these cases the
mate of the resident female also followed the
female. None of the 37 males consistentlyfollowed any particularresident female, indicating that the males were probablynot mated to
any of these females.Theircourtshipbehavior,
in cases where the participantswere known,
appeared opportunistic.When the mate was
absent they courted the female.
In 136 male-male agonistic encounters by
the unmated males, including song spread,
group song spread,bill-up, flightbill-up, supplantingand retreating,55%of the 179 recipients were mated resident males. Twenty-two
percentmore agonisticencounterswith mated
residents occurred in this group than those
seen in the group observed five times or less.
This supportsthe view thatthey wereunmated
residentsinteractingmore frequentlywith the
residents.Some males were often seen feeding
in the study area. Eight of the 37 males accounted for 50%of the 258 feeding observations; these males wereprobablyunmatedresidents.
Two of the 37 males who were seen more
than five times appearedto be mated to unbanded females. A third male courteda number of females. The remaining 34 males did
not court any particular females. The few
courtshipdisplaysdirectedto residentfemales
usually occurred when their mates were absent. Only two of nine males observed more
than five times in 1966 returnedto the study
area;one of them was found once in 1967 300
m from his former range.The other was seen
fourtimes in 1967, 600 m fromhis 1966 range.
Most of these males appearedto be unmated,
although some may have had mates outside
the study area. The proportion of agonistic
encounters of these males with mated males

was significantly higher (chi-square,
0.015 > P > 0.01) than the proportionof agonistic encounters of males observed five
times or less with mated males. This suggested
that many of the frequentlysightedmales were
unmatedresidentsand were consideredrivals
by mated resident males.
The rangesof unmatedmales (8.7 ? 2.2 ha)
were largerthan those of mated males (6.6 +
1.4 ha) found in the study area in 1967. For
this comparison the ranges of 17 unmated
males seen 10 or more times in the study area
were compared to the ranges of 17 mated
males (the nine replacementmales and three
bigamousmales were excludedfrom this analysis). The values, although not significantat
the 0.05 level, suggested a difference in the
rangesof these two groupsof males (student's
t-test, 0.1 > P > 0.05). The movements of
mated males may have been restrictedby their
attendanceto the females, who have smaller
territories(Darley 1968). Unmated males, not
limited by the movements of particularfemales, were free to range more widely.
On five occasions between 27 June and 6
July 1967 I spent a total of 8 h outside the
study area searchingfor birds that I had seen
in the area. Eight of 83 unmated males were
found; two were 300 m, three 400 m, two 450
m, and one 900 m from the nearestedge of the
study area.Five of these males wereseen more
than five times in the studyareaand threewere
seen five times or less. In addition to these
unmated males, I saw one mated male 300 m
from the study area. The higher frequencyof
apparent unmated males found outside the
area may have been due to their weak attachments to specificareas or they may have been
mated to females outside the study area.
Male cowbirds appearedto establish a hierarchy among themselves, dominant males
being mated to the residentbreedingfemales.
Dominance was determined in 18 witnessed
male-male encountersbetweenmated and unmated males (retreat,supplant and chase behavior). Mated males were dominant in 16
cases and unmated males were dominant in
2. Dominance was found in significantlymore
mated than unmatedmales and subordination
was found in significantly more unmated
males than mated males (P > 0.005, chisquaretest).
On one occasion a mated male dominated
another mated male. The dominant bird returnedto his mate's territoryto find an interloper (mated to another female) with his female; he immediately establisheddominance
over the interloper.In this conflict the winner
was with his mate in her territory,the loser
was alone outside his female's territory.This
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observationsuggestedtwo possiblefactorsthat
may affect success in an aggressiveencounter:
the presenceof a mate or proximity to mate's
territory.These factors were examined for all
mated males. The presence of the mated female did not seem to influencedominance in
the encounters.In the 17 cases when the mated
male dominated, the females were present in
8 and absent in 9. The location of the encounters relative to the female's territorydid not
seem related to dominance either, as 10 were
within the territoryand 7 outside. Thus, these
two factors did not seem directly related to
dominance.
I did not have enough data to determine if
hierarchies were present within groups of
mated males or unmated males, but limited
information suggested this to be the case.
Males usually remained mated to the same
female for the whole breeding season. One
male was last seen with his mate 16 May 1967;
anothermale apparentlytook over this female
19 May. The first male mated with another
male's female, and the third male did not get
another female. These few observations suggested the existenceof hierarchywithin mated
males, i.e., when the firstmale lost its mate to
a dominant male it took over the mate of a
subordinatemale.
In addition to the mated and unmated
males, I capturedunbandedmales at the banding station throughoutthe breedingseason in
1967. In order to determine if there were any
differencesin the breedingcondition of mated
and unmated males and of unbanded males,
53 males were killed and their testes were examined. In 31 of 35 banded males the testes
contained mature sperm (stages 5, 6, 7; Scott
and Middleton 1968) and the testes of the
other four males were in the regressedcondition (stage 9). The testes of 11 mated males
were indistinguishablefrom those of the 24
unmated males. In the 18 unbandedmales all
had maturespermpresentin theirtestes except
for one with regressed testes. Thus, all the
males were in breedingcondition or recently
had been, so the differencebetweenmated and
unmated males was not reflectedby a difference in testis development.

the same tree. Friedmannalso stated that "the
cowbirds do not make any very spirited attempts to defend their territoriesand consequently in regions of unusual abundancethe
territorialfactoris much less noticeable."Nice
(1937) likewise noted that her banded cowbirds had definite ranges but showed no territory defense. In a study of banded cowbirds
attractedto a baited area, Laskey (1950) observed many threats and fights but they did
not appear to be in defense of territory.She
stated "I witnessedno sustainedeffort to keep
males or females out of a preempted area."
One pair seemed to be dominant over other
cowbirds which fed in the area. She stated "I
believe the dominantpairshowedvestigialterritory behavior in intimidating others and
keeping the domain for their own in pair formation and mating." Rothstein (1972) stated
that male cowbirds were territorial in the
morningbut not in the afternoon, basing this
on observationsthat dominant males sang in
the morningbut allowed subordinatemales to
sing in the afternoon.
The males in my study area restrictedtheir
movements to specific ranges and often occurredin particulartrees. However, they did
not defend these rangesor trees, and different
males were often seen in the same "singing
trees." Since defense is an integralpart of the
concept of territory,these areas should not be
called territoriesbut ranges.
Although males did not defend territories
they clearly defended specific females. Mated
males prevented other males from approaching theirmates and accompaniedtheirfemales
most of the time.
When watching potential hosts nesting, a
female commonly chased away all cowbirds
accompanying her including her mate. On
completing these solitary activities she frequentlyflewnearher male's "singingtree"and
gave the chatter call. Her male or any other
birds joined her and the social behavior resumed. Occasionallyher male was absent and
it was at these times that interlopersengaged
in courtship. They were chased by her mate
when he returned and her mate resumed
guarding.

DISCUSSION
Observations of male cowbird territorialism
by other workers have been varied. Friedmann
(1929) stated "the male has a definite post,
entirely comparable to the 'singing tree' that
Mousley described." He could not be certain
of the identity of males in these trees because
his birds were not banded. He concluded that
the male was territorial because it could be
found almost constantly on the same perch in

Guarding the female has been observed in
other birds. Williams (1952) reported this for
Brewer's Blackbird (Euphagus cyanocephalus)
and Ficken (1963) reported that the male
Common Grackle (Quiscalus quiscula) guarded
his mate and a small area around the nest site.
Mated males dominated over other males
even when their female was absent. The effect
of dominance on pairing was seen when 15
mated males were removed in 1967. Three of
the replacement males were already paired,
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i.e., they became bigamists. This bigamy occurred in spite of the presence of unmated
males. The dominant male got two mates and
the subordinatemale none. Laskey(1950) also
reported"femalesin an areaof her own choosing accepted the dominant male of the same
area as her mate."
Is there a complex social hierarchywithin
the male society or is it simply that the dominant male in the areagets the female?Laskey
(1950) stated "There was no indication of a
peck-ordersimilar to that describedby Allee
for domestic chickens (Nice 1943: 92) nor of
a society comparableto that of Jackdaw(Corvus monedula)."However, in an experiment
with captive birds including four males and
two females, I found a straight-linehierarchy
(Darley 1978). Also King and West (1977)
stated "Data from our laboratory indicated
that cowbirds have highly structureddominance hierarchies and complex intraspecific
behaviors that may also facilitate identification or maintain social integrationamong acquainted cowbirds." Some field data supportedthis view. One male usurpedthe female
of a second male who in turn took the female
of a third. The third male did not get another
female. In addition, dominance was not dependent on the presenceof a female or proximity to the female'sterritory.Dominancewas
establishedin some other way.
The presence of a dominance hierarchyin
males would account for some cowbird behavior. Males regularlyengagein what Laskey
(1950) called "triangleand quadrangleceremonies." I observed a number of males
(three-six)form circleson the groundor in the
trees and proceed to give elaborate song
spreads, usually one after the other, to the
othermales. The individualsong spreadsometimes was directedto an adjacentmale and at
other times apparentlyto the group. These
group song spreadscontinued throughoutthe
season and may have been the ritualby which
the dominance hierarchywas establishedand
maintained.Laskey(1950) also noted indications of this dominance.
A hierarchycould also account for the lack
of territorial defense by the males and the
widely overlapping ranges that they did occupy. There was no reason to restrict other
males since the dominantmale matedwith the
resident female. The existence of a hierarchy
would also explainwhy, when dominantmales
were absent from their females, individual
subordinatemales defendedthe female. These
were chased when the dominant male returned,i.e., they werenot mated but weresimply acting as opportunists.
The differingconclusions about territorial-

ism reachedby other workerscould be attributable to severalbehavioralfactors.Males behaved agonisticallyin defending females and
establishinga dominancehierarchywith other
males. The many agonistic encountersnoted
by other observers, in addition to restriction
in movements by the males, may have been
interpretedas territorialbehavior.
The discrepanciesin publisheddescriptions
of monogamyversuspromiscuityfor cowbirds
can be attributedto many factors, several of
which have already been discussed in detail.
Absolute monogamyrequiresnot only a bond
by a male with a specific female but also a
correspondingbond by the female with the
same male. This did not always occur in this
population of cowbirds. Males did establish
bonds with residentfemales. Some females in
turn appearedbonded to the males, guarding
them and chasingoff intrudingfemales(Darley
1968). Other females did not show such behavior and consortedwith any male available.
Indeed, three of seven copulations involved
males other than their mates. However, if
dominantmales constantlyattendthe resident
females this maximizes their chances for reproductive behavior and, being dominant,
they are more likely to copulatethan their subordinate counterparts.Thus, monogamy appears the rule from the male point of view.
Females, faced with an excess of potential
mates, do not show the monogamoustendency
of males. Thus absolute monogamy did not
exist for all pairsbecauseof the female behavior. However, the constant attendanceof the
different dominant males to all the resident
females ensured a monogamous community
for the most part. Factorssuch as these could
account for the discrepanciesobserved in the
literatureregardingcowbird relationships.
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RECENT PUBLICATIONS
Formand Functionin Birds, Volume2.--Edited by A. S.
King and J. McLelland.1981. AcademicPressInc., London. 496 p. $97.00. This volume matchesthe first(noted
in Condor82:327) in treatment,authority,and format.It
containslong,detailedchapterson the malegenitalorgans
(by P. E. Lake),cloacaand phallus(A. S. King),endocrine
glands(R. D. Hodges),cardiovascularsystem(N. H. West,
B. Lowell Langille,and D. R. Jones), lymphaticsystem
(M. E. Rose), cranial nerves (A. Bubi6n-Waluszewska),
and the functionalanatomy of the avian jaw apparatus
(P. Buhler).The text is generouslyillustratedwith drawings, diagrams,photographs,and photomicrographsbut
the reproductionof the halftones is only mediocre.One
cannot but regretthat the book is so costly becauseit is
certainlythe best referencefor its subjects,an important
workforaviananatomists,physiologists,andpathologists.
Lists of references,index.

Wildfowl32.-Edited by G. V. T. Matthewsand M. A.
Ogilvie. 1981. WildfowlTrust, Slimbridge.176 p. Paper
cover. $13.00. Source:AdministrativeOfficer,Wildfowl
Trust, Slimbridge,GloucestershireGL2 7BT, England.
The 21 articlesin this volume variouslyconcernthe behavior, ecology, populations, feeding, activity budgets,
and other aspects of anseriformsand other waterbirds
aroundthe world.Followingthese are seven reportsfrom
the InternationalWaterfowlResearch Bureau and The
WildfowlTrust. The biologicalemphasisand cosmopolitan scope of the precedingvolume (noted in Condor
83:255) are admirablycontinuedhere. This serieshas become an importantpublicationfor waterfowlbiologists
far beyond Slimbridge.As before, this volume carriesa
color paintingon the cover and severaldrawingsby Peter
Scott, in additionto the scientificillustrations.
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