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Diet and behaviour of young American Coots

Introduction

O nly fragm en tary  in form ation  exists on the 
d ie ts  o f  young  A m erican  C oots Fúlica am er­
icana  (Jo n es 1940; S oo te r 1941; F red rick ­
son 1977; F itzn er et al. 1980). N either 
tem p o ra l changes in d ie t no r th e  various 
forag ing  techn iques o f young have been 
s tud ied .

Q ualita tive  and  quan tita tive  studies on 
th e  b ehav iou ra l ecology of adu lt A m erican 
C oo ts exist (G u llion  1952,1953,1954; F red ­
rickson  1970; R yan  and  D insm ore 1979,
1980), b u t qu an tita tiv e  m easurem ents of 
th e  activ ities o f th e  young are lacking. The 
a llocation  of tim e and  energy fo r functions 
such as feed ing  and  grow th w ould indicate 
how  young  C oo ts cope w ith th e  com plex­
ities o f  th e ir  en v iro n m en t, and  the assess­
m en t o f these  functions w ould provide an 
add itio n a l m eans o f understand ing  the eco­
logical niche of th e  species (sensu  P ianka 
1978). T im e-activ ity  budgets no t only p ro ­
vide an ev a lua tion  o f various biological 
costs to  th e  ind iv idual, bu t also prov ide a 
m eans o f  m easuring  th e  degree  o f in te r­
ac tion  betw een  young  and  p a ren t. A dult 
b ird s a re  know n to  invest considerable tim e 
an d  energy  on th e  w elfare o f the ir young 
(W alsberg  1983).

T he  questions asked  in this study w ere: 
( 1 ) does th e  com position  o f the d iet of 
young  C oo ts change w ith tim e; (2) do the 
p a tte rn s  o f feed ing  behav iour change with 
tim e o f day and  g row th  o f young; (3) w hat 
in te rac tio n s be tw een  young and  adu lt Coots 
occu r d u ring  feed ing , and  do they  change 
w ith th e  g row th  o f young; (4) do the 
p a tte rn s  o f non-forag ing  activities change 
w ith  tim e o f day and  grow th of the young, 
and  (5) w hat a re  the biological costs ex­
p en d ed  by young , and  by adu lt C oots on 
b eh a lf  o f th e  young.

Study Area

Y oung  C oo ts w ere  observed  and collected 
from  23 w etlands in the aspen  park land  of 
S askatchew an  (B ird  1961), 45-75 km  N E  of 
S ask a to o n . T his a rea  of und ifferen tia ted  
glacial till is charac te rised  by m odera te  to 
hilly te rra in  w ith w etlands in m any of the
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dep ressions. A pprox im ate ly  70%  of the 
land  is cu ltiva ted . C ereal grains and  canola 
Brassica napus  a re  the m ajo r crops. The 
study  ponds averaged  0 .75 -1 .5  m in dep th  
an d  0 .5 -40  ha  in a rea . T hese ponds are 
eu tro p h ic  and  alkaline , w ith pH  betw een 
7 .9 -9 .2  (D riv e r and  P eden  1977). T he com ­
m unities o f th ese  w etlands w ere com plex 
and  included  12-30 species o f C hironom i- 
d ae  (D riv e r 1977), 4 -8  species o f T richop­
te ra  (Sm ith  1975), and  10-25 species of 
H e m ip te ra  (B ro o k s  an d  K e ito n  1967; 
D riv e r et al. 1974; Stelfox 1977; D river 
1981). Z o o p la n k to n ,  m a in ly  D a p h n ia  
m agna , D . p u lex , D. m iddend.orffi.ana  
(D riv e r, u n pub lished ) and  D iaptom us arcti- 
cus and  D. fo rb es i (Saw chyn 1966; H am m er 
and  Saw chyn 1969), occurred  chiefly a t the 
m erg en t-su b m erg en t vegeta tion  interfaces. 
T he  do m in an t em erg en t vegeta tion  inclu­
d ed  w h ite to p  Scolochloa festucacea, cattail 
T ypha  la tifo lia , bu lrushes Scripus acutus 
an d  S. am ericanus, and  sedges Carex spp ., 
w hile su b m erg en t vegeta tion  com prised  
p rim arily  pondw eeds Potam ogeton pectina­
tus and  P. richardsonii and  w ater milfoil 
M yrio p h y llu m  exalbescens (M illar 1973, 
1976) occurring  in patchy to  dense stands.

Materials and Methods

F rom  1 Ju n e—31 A ugust, 1977-1979, young 
C oo ts w ere  co llected  by shot-gun. Y oung 
w ere d iv ided  in to  th ree  size classes relative 
to  a d u lt size: < 1 /3  (C lass A ), 1/3-2/3 (Class 
B) an d  > 2 /3  (C lass C ).

In tac t young C oots w ere w eighed in the 
field to  the nearest 0 . 1  g, and w ere frozen 
upon re tu rn  to  the laboratory . Body m ea­
surem ents (head  length , w idth and height; 
leg and leg com ponent lengths; bill length, 
w idth and height; and to ta l body length) as 
well as colour and  o ther plum age ch aracter­
istics w ere reco rded  from  thaw ed birds. O n 
the basis o f p lum age characters (G ullion 
1954) and body m easurem ents, C lass A 
C oots w ere 1—29 days old; Class B w ere 30 - 
59 days old and  Class C w ere 60 or m ore 
days old.

O nly young th a t w ere observed  feeding 
for 10—15 m inutes w ere collected to  ensure 
the recovery o f ingested food item s. Im-



m ediately  after collection, the u pper diges­
tive trac t (oesophagus, p roventricu lus, and 
gizzard) was rem oved and p laced in 75% 
ethanol. T he digestive tract con ten ts w ere 
so r te d , d ried  a t 80°C fo r 24 hrs and 
w eighed. G astropod  w eights included the 
shell, bu t T richop tera  larval cases con­
structed  of sand and shell fragm ents w ere 
excluded from  the analysis because they 
w ere  co nsidered  o f lim ited  n u tr itio n a l 
value. T he data  w ere reduced  to  an aggre­
gate  m ean percen tage (Sw anson et al. 1974) 
o f dry w eight and  percen tage occurrence.

Inverteb ra te  com m unities w ere sam pled 
im m ediately a fter young w ere collected and 
at tim es im m ediately following the reco rd ­
ing of tim e-activity bouts. R eplicate sweeps 
(Sudgen 1973; Sw anson et al. 1974) w ere 
taken  at each of eight w etlands w here tim e- 
activity bouts w ere recorded . A n additional 
series o f replicate sw eep sam ples w ere 
taken  at the 15 ponds w here young w ere 
collected.

C oo t family units (young w ith o r w ithout 
an ad u lt), w ere observed, with a 2 0 x spo t­
ting scope or 7 x 50 b inoculars, fo r half hour 
in tervals betw een 0500 and 2000 hours. 
A du lt behavioural activities w ere recorded  
separately , and sexes pooled . T he activities 
o f the young w ere recorded  according to 
size class. All activities w ere reco rded  to  the 
nearest m inute. M ovem ents o f b roods w ere 
recorded  on m aps in o rd e r to  de term ine the 
b rood  association with w etland  m argins. 
Feeding activity was recorded for six ca te ­
gories; fly catching, pecking, diving, neck 
ex tended , tipping and begging. D escrip­
tions of these behaviours a re  found  in 
G oodm an and F isher(1962), Sudgen (1973) 
and G ullion  (1952, 1954). O th e r activities 
inc luded  sw im m ing (w ithou t fo rag ing), 
p reen ing  (all p lum age m ain tenance), and 
loafing. T he seven aggressive displays 
described by G ullion (1952) w ere pooled  as 
one for this study.

T im e-activity  budgets w ere com puted 
from  direct observations. T he num ber of 
b ird-m inutes spen t out-of-sight (sh ielded by 
the vegeta tion) was not used in determ ining 
percen t activity.

T he tim e young C oots spen t in a day on 
various activities was converted  to  tim e 
energy budgets by increasing the m ain­
tenance  energy  (E M ) ca lcu lated  at an 
am bien t tem p era tu re  o f 18°C (K endeigh et 
al. 1977) by the relative costs o f various 
activities. T he costs w ere: 3 .Ox for aggres­
sion; 2.5x for feeding; 2 .Ox for locom otion;

2 .0x for night tim e activity; 1.5x for p reen ­
ing; 1.5x fo r resting and  sleeping (K ing 
1974; D w yer 1975). All values, except night 
tim e activity (no observations), w ere re ­
duced by 0.667 (T able 4). N ight tim e energy 
expenditu re  was m ultiplied by 0.333. These 
results w ere then  com pared  w ith th e  calcu­
lation of daily energy budgets (D E B ) for 
young grow ing birds (K endeigh et al. 1977).

E nergy costs o f adults w ere calculated  
from  m ain tenance m etabolism  equations at 
an am bien t tem p era tu re  o f 18°C (20°C for 
Iow a), and m ean adu lt w eight o f 550 g 
(T ordoff and M engel 1956; Fredrickson 
1969; A lisauskas and A nkney  1985). A ctiv­
ity d a ta , from  this study and  from  R yan and 
D insm ore (1979), w ere used to  estim ate the 
com ponents o f tim e energy budgets (T E B ).
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Results

D iet

Inverteb ra tes recovered  from  the upper 
digestive trac t excluding the  gizzard w ere 
easily identified. In 65 young C oots (29 
Class A , 26 Class B , 10 Class C) w ith food in 
the u pper digestive tra c t, the m ean dry 
w eight o f food was 25.2 mg (range 10-232 
mg). T he average dry w eight o f anim al food 
item s was 8 . 8  mg (range 0 .3 -17 .8  m g). A s 
the C oots grew , they  a te  progressively less 
anim al foods (T able 1, x2= 26 .6 , d f= 2 , 
PcO.OOl).

In Class A  young, inverteb ra tes rep re ­
sen ted  84%  of the d ie t, o f w hich insects 
com prised  91% . Class A C oots concen­
tra ted  on anim al food , and  show ed no 
preference for specific p lan t item s. The 
m ajo r aquatic  m acrophytes, M yriophyllum  
sp ., Carex spp ., P otam otegon  sp ., w ere 
ea ten  in equal p roportions along w ith lesser 
am ounts o f a floating filam entous alga, 
C ladophora  sp. H alf o f the inverteb ra tes 
ea ten  by Class A  C oots w ere taken  a t low er 
p roportions than  th e ir occurrence at feed ­
ing  s ite s  (T a b le  2 , G  =  2 5 .6 0 , d f= 7 ,  
PcO.OOl). Several food item s ea ten  includ­
ing insect eggs, cocoons o f th e  leech Erpod- 
bella sp ., and m oth  larvae Bellura  sp ., are 
closely a ttached  to aquatic  vegeta tion , and 
rarely  collected during sw eep sam pling.

T here  was no difference in the selection 
of diet item s by Class B and  C  C oots (G =  
3 .89 , d f= 7 ,  P > 0 .2 0 ) . T h ey  p re fe rre d  
trichop teran  larvae L im nephilus  sp ., adult 
and larval dysticid beetles and pond snails
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Table 1. Food items recorded in digestive tracts of young American Coots in Saskatchewan.

Age class 
Num ber analysed

A
29

Dry weight (% )
B C 

26 10
A
29

Occurrence (% )
B C 

26 10

Plant

C ladophora sp. 3 7 1 3 8 10
Chara sp. - - 2 - - 10
Potamogeton spp. 4 19 20 14 19 30
Carex spp. nutlets 4 1 - 7 4 -

Scirpus spp. nutlets <1 5 <1 3 12 10
Lemna spp. <1 23 40 3 35 40
Myriophyllum sp. 5 5 16 14 19 30
Unidentified seeds - 1 - - 4 -

Plant food subtotal 16 61 79 34 73 100

Animal

Hirudinea 1 <1 _ 13 4 _
Crustacea (Eubranchiopoda) - 1 - - 4 -

Insect eggs 8 - - 7 - -

O donata (Zygoptera) 6 - - 7 - -

Hem iptera 2 5 <1 10 12 10
Trichoptera larvae 18 9 2 28 15 10
Lepidoptera larvae <1 8 <1 3 8 10
Coleoptera 31 11 8 48 23 20
D iptera larvae 9 <1 1 21 8 20
G astropoda (Physidae) 9 6 10 17 15 20

Animal food subtotal 84 39 21 90 65 30

Table 2. Comparison of invertebrate items observed in the diet of young American Coots and sampled 
in the wetlands in which the young had fed.

Percent Occurrence
Food Items Class A Class B & C

Coot Environment Coot Environment
(29) (24) (36) (48)

Annelida 9.5 3.0 3.5 < 0.5
Crustacea <0.5 15.0 3.5 19.0
O donata 4.8 12.0 <0.5 9.0
Hem iptera 7.1 20.0 14.0 30.0
Trichoptera 19.0 6.0 17.0 2.0
Coleoptera 33.0 20.0 27.0 22.0
Diptera 14.2 16.0 14.0 16.0
Gastropoda 11.9 7.0 20.5 1.5

Physa  sp. W hen C lass B and  C young w ere 
com bined they  exhibited  a selection pa tte rn  
sim ilar to  Class A  young (G = 3 8 .8 , d f= 7 , 
P < 0 .001 ). T here  was no difference in the 
use o f inverteb ra tes ea ten  by either Class A  
o r the o lder classes (G = 2 .9 3 , d f= 7 , N S), 
no r in the tem poral d istribu tion  of the 
inverteb ra tes co llected  from  th e  various 
w etlands (G = 1 0 .7 8 , fd = 7 , P > 0 .1 0 ). The

p ro p o rtio n  o f p lan t m ateria l ea ten  in ­
creased  45%  from  Class A  to  Class B , and 
increased by 18% from  Class B to  C lass C. 
T he selection o f p lan t foods narrow ed  to  
tw o genera , L em na  and  Potam ogeton. T he 
fo rm er is usually a t m axim um  biom ass 
betw een  m id-July and  early  A ugust, the 
period  w hen m ost Class B and  C  young 
w ere collected.
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Grit

O f 75 young C oots exam ined fo r grit con­
ten t, only 25%  of C lass A  young, and 
specifically the youngest o f this class, did 
no t con tain  grit. Y oung w ithout ingested 
grit often  contained  egg shell fragm ents in 
the digestive tract. Class A  young averaged 
0 .35± 0 .09  (s tandard  e rro r) g (n = 4 4 , range
0.01-10.3  g), Class B con ta ined  2 .73± 0 .39  
g, (n = 2 1 , range 0 .65-5 .73 g), and Class C 
birds the grit con ten t averaged 4 .7 ± 0 .9 4  g, 
(n = 1 0 , range 2 .5 -8 . 6  g). T he grit con ten t 
was significantly d ifferen t be tw een  each of 
the  th ree  age classes (t-tests, P < 0 .001 ) and 
increased  w ith age.

Foraging behaviour

Class A  young spent 30-50% o f th e ir fo rag­
ing tim e begging food from  adult birds 
(T able 3). T he begging activity dim inished 
w ith age (x2= 40 .24 , d f= 2 , P < 0 .0 0 1 ), and 
was rarely  observed  in C lass C C oots. 
A long w ith begging, tw o o th e r feeding 
techniques, pecking and  ex tended  head  and 
neck , w ere em ployed by C lass A young to  
gather food. T hey pecked  a t food item s 
near, o r on , the w ater surface, and pecked 
at bright ob jects, such as insect parts  or

vegeta tion , on dried  m ats o f roundstem  
Scripus acutus o r th ree-square  bulrush  Scri- 
pus americanus. T he  ex tended  head  and 
neck technique was used to  cap tu re  item s 
ju s t below  the w ater surface o r from  over­
hanging vegeta tion . N inety-five percen t of 
the foraging by C lass A  young was concen­
tra ted  in a 15 m zone along the m argin of 
w etlands > 6  ha in size. In  shallow  w etlands 
w ith widely d ispersed  vegeta tion , o r in 
small shallow  w etlands o f < 0 .5  h a , the 
en tire  surface was used.

In Class B and  C C oo ts, diving becam e 
th e  m ost frequen t m ethod  of feeding. Class 
B young used a g rea te r varie ty  o f feeding 
techniques than  the o th er age classes (Class 
A  x = 4 .67 , C lass B x = 6 .0 , C lass C  x= 2 .6 7 ), 
bu t these techniques apparen tly  did no t 
increase the resources available to  them . 
They did no t use o th e r p rey  (T able  1) nor 
selected  o th e r sizes o f p rey  from  the lim ­
netic zone. C lass C  C oots used prim arily 
tw o feeding techniques, pecking and  diving 
(T able 3).

U nlike young w aterfow l which actively 
feed early  in the m orning and again late in 
the day, young C oots fed  th roughou t the 
day w ith only slight variability  in feeding 
intensity  (x2= 2 .07 , d f= 2 , N S). C lass C 
birds fed less betw een 0500-1000 hours than

Table 3. Percent feeding and other behaviour activity of young (Class A to C) and attendant adult 
American Coots in central Saskatchewan.

Tim e
A ge
Class F* P

Feeding A ctivity (% ) 
D  H N  T B

Sub-
T otal S

O th e r  A ctivities (% )
L  PR  R  A G A

Sub-
Total

N um ber of 
Individuals 
(m inutes)

Period  I A dult - 12.9 16.0 2.0 _ _ (30.9) 24.1 15.1 13.1 13.1 3.5 _ (68.9) 15 (60)
0500-1 (XX) hrs A 0.8 13.6 0.4 1.5 - 17.0 (33.3) 36.4 14.5 4.0 11.4 0.3 0.1 (66.7) 69 (1500)

Adult - 44.9 7.0 _ _ _ (51.9) _ 32.7 1.9 4.0 8.8 0.7 (48.1) 40 (430)
B 0.1 66.4 3.7 0.3 0.5 3.5 (74.5) - 18.5 4.2 2.5 0.1 0.1 (25.4) 111 (2815)

Adult - 5.0 _ _ _ _ (5.0) _ 90.0 _ _ 5.0 _ (95.0) 12 (20)
C - 5 .4 5.4 - - - (11.0) - 73.0 - 16.0 - - (89.0) 18 (177)

Period  II A dult - 18.1 14.8 1.1 1.4 _ (35.4) 0.5 34.5 16.2 9.6 3.5 0.2 (64.5) 22 (426)
1000-1600 hrs A 0.3 17.2 0.4 6.5 t 15.6 (40.0) 6.5 32.3 6.4 0.1 - (60.0) 65 (1257)

A dult - 31.7 9.9 0.3 0.1 - (42.0) - 45.7 3.8 4.9 0.2 (58.0) 88 (841)
B 0.6 54.7 5.9 0.1 0.7 1.7 (63.7) - 28.3 2.2 - - (36.1) 250 (5836)

A dult - 17.6 6.3 1.3 _ - (25.2) _ 62.1 4.1 0.9 _ (74.8) 24 (222)
C - 27.1 5.5 - - 0.2 (32.8) - 57.4 1.0 0.2 1.2 (67.2) 60 (888)

Period  III A dult
1600-2000 hrs A - 5.3 - 2.0 - 10.9 (18.2) 42.8 10.0 11.6 17.4 - - (81.8) 55 (1090)

Adult _ 51.3 8.3 0.2 _ _ (59.8) _ 21.1 3.7 9.5 5.7 0.2 (40.2) 38 (436)
B 1.6 51.5 6.2 2.8 0.4 6.0 (68.5) - 18.3 7.5 5.7 t - (31.5) 115 (1883)

A dult _ 20.7 0.9 0.9 _ (22.5 ) _ 66.7 5.4 4.5 0.9 _ (77.5) 12 (111)
C 36.2 2.2 - 1.3 - (39.7) - 45.7 10.6 4.0 - - (60.3) 36 (480)

F* =  fly catching, P  =  pecking, D  =  diving, H N  =  ex tended  neck , T  -  tip , B =  begging, S =  sleeping, L  =  locom otion, PR  =  preening , R  =  resting, A G  
=  aggression, A  =  alert.
N o d a ta  available for A dults in Period III.
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during the rem ainder o f the day (T able 3). 
As the young m atu re , the a ttendan t adults 
spen t less tim e in m utual feeding bouts. 
M ore o f the ir tim e was spen t swim ming and 
in “patro lling” feeding and resting  areas 
(sensu  G ullion  1953).

O ther activities

N on-feeding activities o f young C oo ts, such 
as sleeping, sw im m ing, p reen ing  and res t­
ing, ap p eared  bim odal (T able 3). These 
behaviours decreased  a round  m id-day and 
also as the birds grew . O nly Class A  birds 
w ere reco rded  sleeping. In add ition , resting 
and  plum age m ain tenance occurred  m ore 
often  in these young than  in the o th er two 
classes. W hen res t (sleeping and  resting) 
and locom otion a re  com pared , it is obvious 
th a t the la tte r activity increased w ith age 
while rest decreased  w ith age and tim e of 
day. D uring the rapid  grow th phase , Class 
B , the young spen t very little tim e at rest 
w ith the m ajority  o f the ir tim e d irected  
tow ard  feeding (T ab le  3). V ery  little  in tra ­
sp ec ific  a g g re s s io n  o c c u rr e d  e x c e p t 
betw een the young o f C lass A  and  B during 
feeding bouts w ith th e ir paren ts. A ggres­
sion in Class C  was m ainly interspecific, 
sim ilar to  th a t o f post-b reed ing  adults 
w here disputes occurred  with bo th  dabbling 
and diving ducks.

B iolog ica l costs

A d u lts , e ith e r singly o r  as a pa ir, looked 
a f te r  a varying n u m b er o f young. T he 
average  size ( ±  s tan d a rd  dev iation) o f a 
C o o t b ro o d  w as 5 .3 5 ± 1 .8  young (n = 2 6 ,

range 1-9 young). R arely  m ore than  four 
young  w ere  observed  w ith a single paren t; 
o n e  ad u lt, usually  th e  fem ale, a tten d ed  to 
an average  o f  4 .4 ± 1 .7  C lass A chicks (n =  
10, ran g e  3 -9 )  w hile th e  o th e r adu lt looked  
a f te r  3 ± 1 .5  chicks (n = 7 , range 1-4). Class 
B b rp o d s av erag ed  6.1 ± 0 .7  chicks (n = 9 , 
ran g e  5 -7 ) w hile 4 .5 ± 2 .3  chicks com prised 
a C lass C b ro o d  (n = 4 , range 2 -7 ). In the 
tw o o ld e r classes, one  adu lt a tten d ed  on 
average  fo u r young w hile th ree  o r less 
young  accom pan ied  the o th e r adult.

T he  daily  estim ates  o f the tim e energy 
bu d g e t fo r C lass A , B and  C C oo t ranged 
from  270 to  870 kJ day-1, th a t o f the daily 
energy  b u d g e t from  301 to  881 kJ day - 1  

(T ab le  4). C lass A  young w ere th e  m ost 
com p e titiv e , C lass C  th e  least, they  ex­
p en d ed  0.6 to  0 .2  kJ day - 1  on aggressive 
in te rac tio n . E nergy  expended  on swim ming 
increased  from  37 kJ day - 1  fo r Class A 
young  to  307 kJ day - 1  by C lass C C oots. 
Sm all e rro rs  in tim e-budget m easurem en ts 
c o n tr ib u te d  to  insign ifican t d iffe ren ces 
be tw een  tim e  and  daily energy  budgets 
e s tim ates  (x2= 3 .5 6 1 , d f  =  1, P < 0 .1 0 , T able
4)-

T h e  Iow a adu lt activity d a ta  o f R yan and 
D insm ore  (1979) w as averaged  to  provide 
energy  e stim ates . T h e ir study focused only 
on  ad u lts , ad u lts  w ithou t young being incor­
p o ra te d  in to  th e  tim e-budgets, and this 
re su lted  in a d iffe ren t energy  estim ate 
(T ab le  4). A d u lt C oots from  Iow a ex­
p en d ed  935 kJ day- ' w hile Saskatchew an 
adu lts  ex p en d ed  8 8 6  kJ day-1.

O v era ll, ad u lts  expended  an average 65 
kJ day  1 feed ing  young , w hich was sim ilar 
to  th e  resu lts  p resen ted  by R yan  and Dins-

Table 4. Estimates of time energy budget (TEB), daily energy budget (DEB) and estimates of energy 
expenditure on foraging by young and adult American Coots from the present study compared, for 
adults, with results from Iowa (Ryan and Dinsmore 1979). EM =  M aintenance energy.

Coots

Energy Expenditure (k j bird-1 day-1 ±  
Time Energy Daily Energy 

Budget (TEB) Budget (D EB )

standard deviation) 

Foraging

Adults:
Saskatchewan (a) 886 1010 242
Iowa (a) 935 962 490

Young:
Class A 270±84 301 ±156 81
Class B 635 ±88 623 ±162 332
Class C 870±97 881 ±182 182

a. TEB Sask. 2  (cost x  %activity x  % day 0.667 (& 0.333 night) x  EM) 
TEB Iowa 2  (cost x  »/„activity x  % day 0.625 (& 0.375 night) x  EM)
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m o re  (1979). H ow ever, p a ren ta l expend i­
tu re  w as 105 kJ day - 1  for feed ing  Class A 
young , declined  to  18 kJ day - 1  for Class B 
young  and  w as effectively zero  for Class C 
b irds. Saskatchew an  C oots expended  253 
kJ day - 1  on locom otive activity com pared  to  
39 kJ day - 1  by adu lt birds in Iow a. T he costs 
v a ry  f ro m  no  e x p e n d i tu r e  on  a le r t  
b eh av io u r in th e  presence  of Class C  young 
to  1 and  2 kJ day - 1  on C lass A  and B young, 
respective ly . A du lts  spen t an  average of 55 
kJ day - 1  defend ing  Class B young com pared  
to  30 kJ day - 1  on C lass A  and  19 kJ day - 1  on 
C lass C .

Discussion

D iet

N o rth  A m e ric a n  s tu d ie s  (Jo n e s  1940; 
S o o te r 1941 ; F itzn e r et al. 1980) in fer th a t a 
p rog ression  from  a varied  to  a lim ited 
in v e r teb ra te  d ie t m ight occur as th e  young 
C oo ts m a tu re . Jo n es (1940) found  tha t 
ju v en ile  C oo ts a te  46 .6%  anim al food , and 
S o o te r (1941) found  th a t th ey  a te  25% , bu t 
n e ith e r study  p rov ided  an indication  o f diet 
change w ith th e  age o f th e  young. In 
W ash ing ton  S ta te , C oo ts up to  120 days old 
c o n ta in e d  an  a v e rag e  o f  2 1 %  an im al 
m a tte r , w hich led F itzner et al. (1980) to  
suggest th e ir  values very  p robab ly  u n d er­
es tim a ted  th e  im portance  o f inverteb ra tes 
to  C oo ts up  to  30 days old.

E u ropean  studies on Fulica atra such as 
those of H orsfall (1984a, b) have shown that 
very young C oots (< 3 0  days old) require  
large am ounts o f anim al p ro te in . T he p e r­
cen t anim al m a tte r com ponen t in the diet of 
young E u ropean  C oots appears to  be sim i­
lar to  th a t rep o rted  for its N orth  A m erican 
congener. F or instance, in L atvia, Blum s 
(1973) found young and  adults a te  32.1%  
anim al m atte r, while in Poland  in take by 
young of anim al food averaged  43.1%  
(B orow iec 1975). In con trast, H u rte r (1972) 
reco rded  4-21 day old C oots on  L ake Sem ­
pach , Sw itzerland, feeding prim arily  on 
floating and epiphytic algae and  th e  young 
shoots o f Phragmites sp .. A gain , nestling 
and  young C oots collected in E ngland by 
C ollinge (1936) con tained  fragm ents o f in­
sects and m olluscs bu t the m ain d iet was 
p lan t m aterial.

T his study indicates th a t th e  very young. 
Class A , do have a very high in take of 
anim al p ro tein  which declines as the young

m ature. T he inverteb ra tes ea ten  by Class A  
C oots contain m ost o f the essential am ino 
acids req u ired  fo r body  and  p lum age 
developm ent (Sugden 1973; D river et al. 
1974). This finding supports the inference of 
F itzner et al. ( 1980) tha t young C oots have a 
high p ro tein  requ irem en t.

T he aquatic inverteb ra tes taken  by young 
N orth  A m erican and  E u ropean  C oots are 
very sim ilar. T hey  selected  dam sel and 
dragon fly naiads, adu lt and  larval beetles, 
h em ip te ran s and  caddisfly larvae. T he 
E u ropean  congener frequently  ate pelecy- 
pods while gastropods w ere the mollusca 
m ost com m only taken  by young N orth  
A m erican C oots (Jones 1940; S ooter 1941).

L ep idop tera  larvae, insect egg m asses 
and leech cocoons rep resen t foods taken  
inadverten tly  w ith p re fe rred  anim al foods 
associated with aquatic m arcophytes, such 
as damselfly nym phs, coroxids, w aterboat- 
men and caddisfly larvae. T hey m ay also 
rep resen t item s taken  by accident w hen the 
young feed on aquatic vegeta tion ; m oth 
larvae living within the stem s o f aquatic 
p lants, leech cocoons and  egg m asses (Chir- 
onom idae, T richop tera) laid on the u nder­
side o f leaves.

Grit

A lthough  B orow iec (1975) did no t analyse 
grit consum ption by age th e  am oun ts o f grit 
he recorded  w ere sim ilar to  the presen t 
results for Class B and C young. The C oots 
in Poland which a te  < 1 0  g p lan t m aterial 
averaged 2 . 6 8  g grit, w hile those with 
stom ach conten ts o f > 1 0  g p lan t m aterial 
averaged 5.09 g grit. In this study the 
am oun t o f grit increased as the young grew 
paralleling increased in take of m ore fibrous 
plan t m aterial. T he ingested  grit provides 
for optim um  digestion because it increased 
th e  m otility and grinding action o f the 
g izza rd , and  e n h an ced  d iges tib ility  o f 
coarse and fibrous foods in the rem ainder o f 
the alim entary  trac t (S turk ie  1979).

Foraging and other behaviours

T he p a tte rn  of foraging varied  w ith age as 
well as w ith the tim e o f day  for the young 
C oots. T he youngest, a lthough a ttem pting  
a variety  of m ethods to  ob ta in  food, p rim ar­
ily used  tw o te ch n iq u es , peck ing  and  
begging, and they  occurred  with sim ilar 
frequency. Pecking, although effective in 
g ra s p in g  so f t a n d  fixed  v e g e ta t io n .
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ap p eared  ineffective in Class A  young for 
the cap tu re  of aquatic  inverteb ra tes < 15  
mm long w hen com pared  to  the size o f food 
item s taken  by th e  o lder classes. A lso very 
young birds may no t yet have learned  to 
handle these prey item s and begging was a 
m ore productive m eans o f acquiring them .

In young C oo ts, there  are th ree  potential 
benefits to  begging inverteb ra tes from  adult 
birds. F irst, sitting still and receiving prey 
ra th e r than  actively pursuing them  is tim e 
efficient and  has a low energy cost. Second, 
it assures the young of a continual source of 
food rich in essential am ino acids necessary 
for rapid  grow th. T h ird , it m ay in troduce 
them  to  diving, as bo th  paren ts dive in front 
o f the begging C lass A young. Initially , the 
adults p resen t the cap tu red  inverteb ra tes to 
C lass A young, then  they  d rop  dead  inverte­
b ra tes on the w ate r surface in fron t o f the 
young fo r easy re trieval, and  finally dive 
w ithout food p resen ta tion . O n several occa­
sions, food ob ta ined  by the adu lt during 
“d em onstra tion” dives was d ropped  in front 
o f th e  young, re trieved  and ea ten  by the 
adults while the young w atched. Begging 
behav iour gradually  declined by the fifth 
w eek as adu lt diving associated w ith beg­
ging decreased  and  the diving frequency of 
young increased.

Biological costs

E nergy budgets increase as the young grow 
(T able 4). D uring th e  first 4 -5  w eeks, w hen 
50-60%  of the to ta l body w eight is a tta ined  
(V isser 1974), m uch o f the daily energy 
requ irem en t is d irec ted  tow ards grow th and 
body heat m ain tenance  (Penney and Bailey
1970). T o ob tain  sufficient energy, the free 
feeding by Class A  young, and  to  a lesser 
degree by Class B young, was supple­
m en ted  by p aren ta l feeding, w ith daily 
energy expended  on  begging averaging 36 
and 18 kJ respectively. F or Class C  it was 
only 0.2 kJ. A  portion  of the energy which 
the young m ight have been spen t on body 
heat m ain tenance is prov ided  by paren ts 
w hile brooding  young on nesting platform s. 
T he high energy expend itu re  on feeding by 
Class B young co rresponds to the period  
w hen large am ounts o f energy are channel­
led in to  fea ther p roduction  as well as to  
m a in ten an ce . W ith  g row th  th e re  is a 
deposition  o f fa tty  tissue, a high energy 
tissue, which m ust rep resen t a d ie t ad just­
m ent by young (T able  1) and a change in 
feeding cost (T ables 3 and  4).

T he involvem ent o f adu lt birds w ith their 
young m ay be view ed as p art o f paren tal 
investm ent. P a ren ta l investm ent is any 
investm ent m ade by a pa ren t in one rep ro ­
ductive effort at the expense o f its ability to 
invest in fu tu re  rep ro d u c tio n  (T rivers
1972). Such investm ent includes com m it­
m ents o f energy and /o r tim e, aggressive 
in terac tion , exposure to  p reda to rs , and a 
variety  o f o th e r factors. In this study, part of 
the investm ent m ade by adults is estim ated  
by using the am oun t o f energy expended  on 
specific activities during the brood  rearing 
period . A du lts  p rovide Class A , and  som e 
Class B , young w ith food; defend  young 
e ither by patro lling  a “te rrito ry ” fo r feeding 
and  resting o r  by d irect aggressive in te r­
action w ith o th e r birds; and by m aintaining 
an aw areness o f po ten tia l p redato rs.

M o s t a d u lt  a g g re s s iv e  a n d  a le r t  
behav iour involved defending the  young 
from  o th e r birds en tering  the “te rrito ry ” or 
from  po ten tia l avian p redato rs. A du lt costs 
vary from  no expend itu re  on a lert be­
haviour in the presence of Class C young to  
a m axim um  o f 2 kJ day - 1  w hen a ttending  
younger C oots. A dults spen t 55 kJ day - 1  in 
aggressive defence o f Class B young, who 
appeared  to  use m ore o f the w etland than 
Class A  birds. This increased the dem ands 
on adu lts to  w ard  off po ten tia l aggressors.

R yan and  D insm ore (1979) suggest that 
locom otion is a  form  o f territo ria l advertise­
m ent which serves as a m eans o f te rrito ria l 
defence. T he degree o f trespassing was very 
low while the te rrito ry  ow ners w ere visible. 
T hey concluded th a t bo th  sexes, through 
the ir locom otive activities, expend a consid­
erab le  am oun t o f energy on te rrito ria l 
defence. A du lt C oots in Saskatchew an 
app ea r to expend  far m ore energy (214 kJ 
day - 1  m ore) providing a safe feeding and 
resting a rea  fo r th e ir young than  those in 
Iowa.

T h e  in v e s tm e n t by a d u lts  in th e i r  
offspring during  the b rood  rearing period  
which includes feeding young, defence of 
feeding and  loafing sites, and a vigil against 
p reda to rs  am oun ts to  an average daily 
expend itu re  o f  approxim ately  380 kJ day-1. 
This cost ignores energy expended  b ro o d ­
ing the young on the nesting p latform  and 
the associated  costs o f defending the young 
there  during th e  night. T his study m ay have 
underes tim ated  th e  tim e adults spend  feed ­
ing them selves. Swimm ing activity by adults 
m ay  in v o lv e  fo rag in g  w hich  w as n o t 
recorded . N onetheless the m ain tenance of
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young as an investm ent is a n ear m axim um  
cost to  th e  pa ren t a ttend ing  an average of 
fou r chicks. A n increase in th e  num ber of 
chicks beyond  this num ber could  m ean  a 
detrim en ta l cost to  the adu lt w here its 
w elfare w ould be im paired  over th ree  to 
four w eeks. It could also resu lt in reduced 
grow th of som e o f the chicks due to  reduced 
a ttendance  by the adu lt o r to  increased 
chick m ortality  th rough  p red a tio n  o r a ttack  
because of insufficient a tten tio n  by the 
paren t.

Acknowledgements

I wish to thank Bob Clark for his encouragem ent 
and statistical advice. Lawson Sugden assisted in 
the formative portion of this project. A special 
thanks to Stuart Keys and M oray Lewis for the 
many hours they spent in the field and Gerry 
Beyersbergen for his assistance in the laboratory.

I thank Hamilton Greenw ood, D .J. Nieman and 
R .G . Clark for their discussion and review of the 
manuscript.

Summary

Young Coots became herbivorous with age and 
their dependence on adults for food declined as 
they grew. Adult involvement changed from 
providing food and shelter to  merely providing a 
secure area for the young to forage. Young Coots 
less than 30 days old ate 84% animal m atter; by 
60 days of age the am ount had declined to 21%. 
W hen 30-59 days old, they spent 53% (332 kJ 
day ')  of their time feeding of which 5.5% was 
spent begging food from adults. This compared 
to 30% (81 kJ day-1) for young Coots <30 days 
old who spent 44% of their foraging time beg­
ging. The dom inant animal food item was insects. 
The average energy cost for daily activities of the 
three age classes calculated from time-budget 
studies ranged from 270 to 870 kJ day-1. By the 
time the young were 60 days old (Class C) their 
feeding and o ther behavioural activities were 
very similar to adult birds.
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