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ABSTRACT 

\ 

The forag1ng ecology and behav1or of Little Slue Her-

ons (E~retta caerulea), Snowy Egrets (~. thula), and Tri

colored Herons (~. tricolor) was studied from October 1981 

to Au~ust 1982 in Old Tampa Bay and Safety Harbor, Sills

borough and Pinellas Counties, Florida. Little Blue Herons 

fora~ed exclusively by walk-slow and employed head sways 

or tilts during 75% of the observations. Snowy Egrets used 

stand, walk-slow, disturb-and-chase, and foot-stirring. 

Tricolored Herons used stand, walk-slow, disturb-and-chase, 

a~a stand-and-chase. Tricolored Herons using stand-and

chase stood near shore facing open water and when prey was 

spotted they ran or hopped in the direction of the prey and 

attemp t ed capture. After an attempt the bird returned to 

its original location and posture. Open-wing and neck-tilt 

behaviors may be mechanisms for reducing glare. 

Interspecific ag~ression was infrequent, but intrasne

cific aggression by Snowy Egrets was more frequent. Snowy 

Egrets occasionally initiated foraging associations with 

others species of birds but these associations did not 

appear to be immediately profitable for the Snowy Egrets. 

Microhabitat use was similar for all three species. All 

three species spent more time along the shoreline than 

1x 



would be ex~ected fro• a randoa use of the habi : at. 

Snowy E~rets and Little Blue Herons spent aore tiae f0r~

in~ in pools than would be ex~ected fro■ randoa use of the 

habitat . Tricolored Herons did nG t fora~e on shore. The 

overlap index indicated that all t hree species for~ed a t 

t he saae dep t h. Snowy E~rets used only walk-slow on shore, 

while pools were usually foo t -stirred, and dis t urb-and

chase was ■os t prevalen t in O?en wat er. Tric~lored Herons 

used walk-slow aos t of t en alo~~ the shoreline and in canals, 

a nd dis t urb-a~d-chase in open wat er. 

Li t tle Blue Herons a..~d Snowy E~re t s had the aost 

diverse die t s and showed si~nificant overlap (Cl= 0.82) 

for ~rey type. Polychaetes (J0.J%) and fish (JJ.6%) were 

t he aost frequent prey iteas of Little Blue Her~ns1 prawns 

(37.6%) and fish (42.2%) ef Snowy E~rets. There was si~

nifican t dietary overlaJ (C~ = 0.80) between Snowy E~rets 

and Tricolored Herons. Fish (8J.0%) · was the most frequen t 

i t ea in t he die t of Tricolored Herons. Fish ■ade up t he 

~reat es t percen t a~e by wei~h t ef all prey species for all 

t hree heron species. All three heron species had hi~h 
~ 

overlap(~ Cl= 0.97) for size of prawns eaten. Fish-

size overlap was low (C l = 0.Jl) between Little Blue Her~ns 

and Snowy E~re t s and s1~nifican t be t ween Lit t le Blue Herons 

and Tricolored Herons (c:\ = 0.79) and be t ween Snowy E~re t s 
,. 

and Tricolored Herons (CA = 0. 79) • When t he results of t he 

t hree species are coabined, :prawns and polychae t es were 

X 



cau~h t wi t h the walk-slow behavior and fish with stand and 

walk-slow behaviers. 

Li t~ le Blue Herons were acre efficient than Snowy 

E~rets and Tricolored Herons, both for percent~e successful 

strikes and ~raas per ■inute of food. Snowy E~rets were 

aos t successful usin~ stand behavior, while Tricolored 

Herons were equally successful usin~ all behaviors. Little 

Blue Serons were aos t successful ~n shore and ~ricolored 

Herons alon~ ~he shoreline. Snowy E~rets were equally suc

cessful i~ all aicrohabitat s. 

Little Blue Herons and Tricolored Herons differed in 

major food i t eas and Snowy E~rets and Little Blue Herons 

differed by fish size. No obvious fGod differences were 

detected between Snowy E~rets and Tricolored Herons. For

a~in~ behavior use differed aaon~ all three heron species 

while habitat use was Tery si■ ilar. Little Blue Herons 

used one behavior in all ■icrohabitats t o cat ch all prey 

items. Snowy E~rets and Tricolored Herons adjus t ed behav

iors which s~■ e ~ iaes were used to capture different prey 

i t em1. 

Abstract A,proval, 

Pr~fessor, Departaent of _ ~iol 

2,;t J)}'f!1L f) 
Date of A,,roval 

xi 



INTRODUCTION 

The study of the ecology and behavior of herons began 

wi t h t he standardization of nomenclature for feeding be

haviors (Meyerriecks, 1960, 1962; Kushlan, 1976, 1978). 

This was followed by studies of the adaptive significance 

of behaviors, e. g . head and neck movements (Krebs and Par

t rid g e, 1973), disturb-and-chase behaviors and the use of 

t he fee t and wings ( Meyerriecks, 1959, 1962, 1966, 1971), 

and aerial feeding (Mock, 1974: Rodgers,1974). This pro

vided t he groundwork for studies of feeding ecology. Major 

questions asked next were: What habitats are the herons 

using, what are they eating, and is there resource overlap? 

Mock and Mock (1980) found that the Goliath Heron 

(Arcea ~oliath) used a stand-and-wait behavior (Meyer

riecks, 1 960) t o can t ure large food items. Whitfield and 

Blaber ( 1979) s t udied resource partitioning among four 

species of different-sized herons in the same lake and 

d e t ermined t ha t segregation was achieved by a combination 

of prey size and wading depth. Willie.rd (1977) arrived 

a t t he same conclusion for five species of different-sized 

Nor t h American herons. Similar-sized herons segregated by 

a combinat ion of habi t a t and feeding behavior. l his raises 

t wo questions; 1) what is t he mechanism for resource 

parti t ioning, if it exists, within. t he confines of a single 

1 



habitat, anc 2) coes a difference in feeding behavior parti

tion the available resources? 

2 

Jenni (1969) has, at least in part, addressed the first 

of these ques t ions in a s tudy of four species of herons in 

Florira ruring t heir breeding season. He concluded that with

i~ a freshwater habitat , _primary segregation was achieved on 

t he basis of major food items and that . behavior and partition

i~g of t he habi t a t nlayed a role. Meyerriecks (1962) suggest

ec that in a marine environment each species shows a prefer

e~ce for a part of the total foraging area. Behaviors devel

onec t o fit t hese foraging niches, and thus direct competi

t io n presumably is avoided. This suggests t hat either there 

is enough food for all species within an area and the primary 

considerat ion is avoiding in~erspecific interactions, or that 

each species is using a different food or food size. 

mhe in t ent of this study is to compare the foraging be

havior and ecology of t hree species of sympatric congeneric 

herons, Li tt le Blue Herons (E~retta caerulea), ~ricolorea 

Herons (I. tricolor), and Snowy Egrets (~. thula), within 

the confines of a marine environment. All three species use 

a varie t y of habitats . (Pal■ er, 1962) and foed ty,es (Table l; 

Kushlan, 1978; Rodgers, 1982). A large, resident breeding 

population of Little Blue Herons, Snowy Egrets, and Tricolor

ed Herons (Rodgers, 1980a, 1980b) is increased by a large 

winter influx of northern breeders. All three species are 

similar in weight and morphology (Table 2; citations within) 

and should thus have comparable abilities for capturing and 



~able 1. Food of Little ~lue Herons (~ff), 
T~1colored Rerons (TH), and Snowy E~rets (SE) 
(Summarized from the literature). 

Food 

fish X X X , 

fro~s X X X 

I 

tadpoles X X X 

sala.mand ers X 

lizards X X X 

snakes X X X 

turtles X 

crayfish X X 

other crustaceans X X X 

insects X X X 

spiders X X 

worms X 

polychaetes X 
-- ----1--

snails X X 

leeches X 

3 



Table 2. ~e1ght and morpholo~1cal measurements of 
Little Slue qerons (LBH), Tricolored 3erons (r~), 
and Snowy Egrets (SE). 

::c 
en ~ µ:J 
~ ~ rJ) 

weUz;ht ( '2:) * 397 312 369 

lenp:-th (mm)** 558 558 507 

w1ng (mm)* 272 255 255 

bill (mm)*** 75.7 90.5 79.7 
+ S . D. !}+. 9 1-8.6 .!5. 2 -

tarsus (mm)*** 92.5 86.3 92.4 
1- S.D. _:t6. 5 _!8. 7 ,!8. 5 

feathers 1 (mm)**~ 145.5 132.9 148.0 
... S. D. _!15-7 _:tl9.5 +18.4 -

* Palmer, R.S. 1962 

** Robbins, c.s., 3. 3runn, and ~.S. Zim . 1966 

*** Measurements of Florida birds from the Florida 
State Museum (n=20) . 

1 measured from flat of foot to fea t hers on tibio 
t arsus 

4 
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handling prey. Because of their similarities they should 

have comparable daily and long-term nutritional requirements. 

Kushlan (1978) suggested a linear relationship between bird 

size and aaily food consumption on the order of log Y = 0.966 

lo~ X - o.640, where Xis gram wet body weight of the bird 

and Y is grams/day wet weight of the prey (Figure 1 and ~able 

J). Junor (1972) found the daily food intake of piscivorous 

birds to be approximately 16% of the wet body weight (Table 

J). ~h e three snecies should provide a strong foundation 

for the study of resource use. 



~ 
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Fi~ure 1. 1elat1onsh1p of daily foe~ requirements 
of wad1n~ bird to size of bird, lo~ Y = 0.966 log 
X - o.640 (Kushlan, 1978). 
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r able 3. Estimat en aaily food requirement of Little 
Blue Herons (LBH), Snowy Egrets (SE), and Tricolored 
Herons ( TH) • 

Wet Wt. De,ily Food Requirement 

of Body (Wet Weight p-) 

Species ( p;) Junor (1972) Kushlan (1978) 

LBH 397 63.52 74.oo 

SE 369 59.04 69.14 

TH 312 49.92 58.80 



STUDY AREA AND METHODS 

~he behavior, habitat use, food, and efficiency of forag

in~ Little Blue Herons, Tricolored Herons, and Snowy Egrets 

was studied from October 1981 to August 1982 in Old Tampa 

Bay and Safety Harbor, northern extensions of Tampa Bay, 

Hillsborough a~d Pinellas Counties, Florida. The study 

si t es were exposed, on average, twice every twenty-four 

hours providing shallows, pools,. and mud flats which were 

used as feeding grounds by the local herons, shore birds, 

gulls, pelicans, and others. The substrate is sandy with 

sea~rass (Halodule wri~htii) and marine algae (Ulva sp., 

Gracilaria sp., Enteromornha sp.) in some areas. Red 

Man~rove (Rhizonhora mangle) and marsh grass (Snartina 

alterniflora) border the bay. Salinity ranged from 16jf to 

24t ove-r the course of the study and was uniform throughout 

the study area. Polychaetes and nematodes dominated the 

infauna. 

Apnroximately 65 hours were spent in detailed observa-

8 

tion using 8 X 40 binocular or 20X to 45x zoom spotting 

scope, and data were dictated directly into a tape recorder. 

The focal bird was chosen haphazardly and _ noted for behavior, 

prey, prey size, position within the habitat, depth, num

ber of strikes and successful strikes, and interactions. 

Da t e, time, and weather conditions were noted for each ob-
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servation. Prey size and wading depth were estimated from 

known bill lengths and leg measurements respectively (Table 

2). Observations continued until the focal biro ceased feed

in~, left the area, or I observed another bird. 

~erms for behaviors are those of Kushlan (1978) unless 

otherwise stated. The frequency with which the herons used 

a foraging behavior, ate a particular prey item, used a mi

crohabitat, or foraged at a depth (percent of total observa

tion :ime) was tested with X:2 for 'k' independent samples 

(Sie~el, 1956). The extent of the association between a 

heron species and a foraging behavior, prey item, prey size 

(prawn and fish), microhabitat, or foraging depth, and be

t ween prey type and foraging behavior, was determined with 

the contingency coefficient C (Siegel, 1956). Degree of 

overlap among species was determined for foraging behavior, 

prey type, prey size, foraging depth, and microhabitat use 

with Horn's (1966) modification of Morasita's measure 

~ 4 i 2 2 
C,l = 2~xiyi/<.xi --t- £Yi , where x 1 is the frequency of a behaTior, 

prey,prey size, depth, or microhabitat for one species and 

y the frequency of the same variable for a second species. 
1 

Unity indicates complete overlap and zero, an absence of 

overlap. 

Prey are identified to the lowest possible taxon. Fish 

which could not be identified to species because they were 

without distinctive morphological characteristics were com

bined. The study site was sampled with a quarter-inch mesh 

s ·eine. Prey length was converted to wet weigh t by using 
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species length-weigh t curves. Wet weight of the fish which 

were combined was obtained from a curve constructed with th~ 

fish found in the foraging area (Table 8). Only a percent

age of captured prey was identified (Little Blue Heron - 65%, 

Snowy Egret - 59%, ~ricolored Heron - 51%) so it is assumed 

for the purposes of calculating grams wet weight of prey/min 

that t he unidentified prey are comparable in weight and dis

t ribution to t he identified prey. The striking efficiency 

of each species and the s t riking efficiency of each behavior 

wi t hin a species was tested wi t h t he Wilcoxon - Mann - Whi t 

ney ~es t (Steel and ~orrie, 1980). ~he mean and standard 

deviation of t he smaller sample were used to compute the 

s t a t is t ic Z , which is approximately normally distributed, 

when the table was inadequate. 
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BEHAVIOR 

Foraging Sehavior 

Little Blue Heron. Walk-slow was used by Little Blue 

Herons regardless of microhabitat, prey, depth of foraging, 

or weather (X2 = J87 5. J, p < 0. 001). Typically a foraging 

0 
bird walks slowly with neck extended at a 45 angle, stops 

when t he prey is sighted, lowers its neck and head to a 

horizontal plane, places the tip of the bill at the sur

face, and t hen strikes. On 2 of 6J occasions the for~ing 

birds employed neck sways from a horizontal position. Both 

instances were in open water on sunny days and the captured 

prey were fish. Individuals employed head sways, head tilts, 

or both during 47 of the 6J observations. Head movements 

were never employed when capturing polychaetes. Head sways 

and tilts were employed as the head and neck were lowered 

to horizontal in preparation for striking. 

Gleanin~ was observed on 1 of 6J occasions. ~he in

dividual walked slowly upright out of the water onto the 

shore and gleaned red mangroves at head level. ~his was 

observed for t en minutes, after which the bird was no 

lon~er seen. Spiders were found o~ the mangroves. 

Little Blue Herons walked at a mean pace of 57 steps/ 

min (range 6 - 72 steps/min). ~he slower pace was used 



when capturing polychaetes and the faster pace was used 

when capturing prawns or fish. 

12 

s~owy E~ret. Snowy Egrets used five behaviors (Figures 2 

and 3). Stana was used during 13 of 71 observations (9.7% 

of total observation time). Their posture was typically 

upright with a slight "S" to the neck, with the bill held 

just below the horizontal plane. Walk-slow was used during 

57.8% of the observations (38.9% of total observation time). 

Pace while walking averaged 84 steps/min (range 14 - 91 

steps/min). ~he slower pace was used when capturing poly

chaetes. The posture for walk-slow behavior was similar to 

that used for stand behavior. The prey capturec with walk

slow was captured with a quick striking motion. 

Disturb-and-chase methods were used during JO of 

the observations (20.4% of total observation time). Snowy 

Egrets walk quickly and run after the prey is spotted, often 

with open wings. Many times the process culminates with a 

Kushlan's Hop. The head and neck of Snowy Egrets walking 

quickly is held upright. An erect posture is typically 

assumed after a missed strike or after a series of hops. 

Foot-stirs and probes frequently followed missed strikes. 

Foot-stirring was used during 31 of 71 observations 

(30.4% of total observation time). Foot-stirring is done 

while stand in~, but mostly while walking. An avera~e of 

64 foot-stirs/min was seen (range 51 - 73 foot-stirs/min). 

Usually a Snowy Egret alternates the foot with which it 
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stirs the water while walking through a foraging area. If 

prey are encountered the Snowy Egret might change to foot

stirring in a tight circle. This was particularly common 

1n areas with aquatic vegetation. The posture while foot

stirring is upright, but the bill is held below the hori

zontal plane. When the bird foot-stirs in a tight circle 

the bill is lowered to nearly vertical and the neck is 

pulled in tight against the shoulders. 

In one instance a Snowy Egret used a stand-and-chase 

behavior, described in the section describing Tricolored 

Herons. r his behavior accounted for 0.6% of the total 

observation time. The use of behaviors by Snowy Egrets 

was t es t ed against randomness and found to differ signifi-

2 
ce.ntly (X = 437.77, p<0.001). Walk-slow and foot-stir 

behaviors were used more often than would be expected if 

behaviors were used at random, disturb-and-chase as expected 

if random, and stand and stand-and-chase less than expec t ed. 

~ricolored gerons. Tricolored Herons used four foraging 

behaviors (Figures 4 and 5). Stand was used during 24 of 

96 observations (16.9% of total observation t ime). Upright 

or erec t pos tures (15 of 24 observations) were used after 

prolonged periods of disturb-and-chase foraging, particu

larly after missed strikes. Standing in a crouch was used 

during 10 of 24 observations. Three of these were the 

typical s t and-and-crouch (Williard, 1977), two of which 

occurred on cloudy days. Seven observations were made of 

a posture which I term the awkward-crouch. ~his posture 

14 
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resembles a normal crouch but the neck is tilted far to 

one side of the body, at times nearly touching the water. 

All observations of the awkward-crouch were made on sunny 

days. ~he neck was held so that the line of vision was 

directed away from the sun. The neck was shifted as the 

bird changed its position to maintain this orientation. 

16 

Open-winged feeding was observed twice for brief periods 

(2 and 8 min). The first observation occurred in the middle 

of a stand-crouch period under cloudy skies. The second 

observation - occurred on a sunny day. As the individual 

walked along the shoreline, it encountered a small, tempor

ary pool with trapped fish. At first the left wing was 

held open blocking the sun and the bird struck in the shad

ow which was created. The individual then reversed direc

tion, retracting the left wing and extending the right wing, 

again striking in the shadow. Finally the individual placed 

its back to :he sun, opened both wings, and struck again. 

Seventeen strikes were attempted with five successful cap

tures of small fish. 

Walk-slow was used curing 6e of 96 observations (J6.7% 

of total observation time). ~he pace averaged 60 steps/min 

(range 49 - 73 steps/min) while walking slowly. An awk

ward crouch was used with the walk-slow behavior while in

dividuals foraged on the shoreline or the edge of pools and 

~anals (29 of 68 observations). With one exception, the 

sun was shining on all occasions. The one observation of 

a walk-slow with an awkward crouch without the sun shining 



occurred during a thunderstorm when the wind was dis

turbing the surface of the water. Walk-slow behavior 

17 

was accompanied by an upright posture when individuals 

foraged in t he middle of canals, pools, or in open water, 

and when the wea~her was cloudy or rainy (J9 of 68 obser

vations). It was also used amidst disturb-and-chase per

iods. A neck-tilt was used in the upright position on 

three occasions, two of which were on sunny days. Foot

probes were observed on four occasions by individuals which 

had been walking slow. Each occurred after a missed strike. 

~he individual peered down, extended one foot slightly for

ward, and pushed the substrate. Prawns were captured in 

all four ins~ances. 

Disturb-and-chase behavior was used during 6J of 96 

observations (J5.6% of total observations). Tricolored 

Herons searched an area by walk-quickly (average 105 steps/ 

min, range 90 - 12J steps/min), ran with open wings and 

finished wi th a Kushlan's Hop. Wing-flicking frequently 

occurred during t he walk-quickly phase of disturb-a.nd

chase fora~in~. It was accompanied by dar t ing movements 

of t he head and neck, and pivoting of t he body. Tri

colored Herons stood upright or erect after an unsuccess

ful foraging period. Foot-probes occurred infrequently 

(21 probes during S46.5 min) after an unsuccessful strike 

a~d led t o a t leas t one more s t rike in 18 of 21 instances, 

none of which resulted in the capture of prey. 

Some Tricolored Herons stood erec t for long periods 
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of time with their backs to the shore and peered a~ the 

water in fron t of t hem. ~hey ran/hopped :o an area 4 - 8 m 

in front and then an extended chase would ensue. Following 

the chase t he individual returned to the original position 

near the shore and resumed its erect posture. I term this 

behavior 'Stand-and-Chase'. It was used during 8 of 96 

observations (10.7% of total observation time). 

The frequency distribution of behavior use by Tri

colored Herons differed significantly from random (X2 = 

315.99, n<0.001). Walk-slow and disturb-and-chase were 

used more than would be expected if use of behaviors was 

random, while stand, and stand-and-chase were used less 

t han would be expected. Species of heron was tested · 

against behavior and t he frequency distribution of be

havior use was found to be significantly different t han 

2 
random (X = 1946.29, p<0.001, Table 4). A moderately 

high degree of association between species and behavior 

was determined (Cl= .60), suggesting that at least a t a 

very general level a species of heron can be associated 

wi t h a partic 1-tlar behavior or behaviors. Each species 

exhibi t ed a moderate amount of overlap with the o t her 

snecies wi t h regard t o foraging behavior use ( Table 5). 

AP::5ression 

Herons were involved in inter- and intraspecific 

a ggressive actions on 42 occasions, 40 of which involved 



r able 4. Frequency of fora~ing behavior use as 
percent of total observation time for Snowy Egrets 
(S~), r ricolored Herons ( l H), and Little ~lue Herons 
(LBB) in Old ~ampa Bay and Safety qarbor, Florida. 
s r = stana, WS = walk-slow, DC= disturb-and-chase, 
FS = foot-stir, ann STC = stand-and-chase. 

Foragin~ Behavior 

Species ST ws DC FS s r c 

LBq 100.0 

SE 9.68 38.94 20.46 30.36 0.55 

rH 16.95 36.69 35.64 10.72 

1--' 
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rabl e 5. Resource overlap amon~ Little ~lue Herons ( LBH ), Snowy E~re t s (SE) , 
a nd rr ri colo r ea Heror-is ( TH) forag i ng in Old Tampa Bay and Safet y Harbor, Florin a. 

Fora~z:in.a: Fora~i n~ Pr~y SiEe 
Species Behavior M1crohab1tat Depth Food Type Prawn Fish 

LBR X SE .60 • 94 .93 . 82 . 99 . Jl 

L-eH X TH • 56 .83 .94 . 59 . 97 . 79 

SEX TH • 52 .95 .98 . 80 , 98 . 79 

I\) 
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only the three species which are the object of this study 

(Table 6). Little Blue Herons displaced other Little Blue 

Herons 4 times by chasing them out of the foraging area. 

A fora~ing Li t tle Slue Heron displaced a Snowy Egret on 

one occasion. Little Blue Herons displaced a Yellow

crowned Night Heron ( ~ycticorax violaceus), a Green-backed 

Heron (Sutorides striatus), and a Boat-tailed Grackle 

(Quiscalus major). Aggressive actions by Little Blue 

Herons involved raising the neck and crest feathers ana 

pointing t he bill at t he o t her bird. 

21 

Snowy Egrets were involved in 23 interactions, 21 with 

other Snowy Egrets. The Snowy Egret which was the aggressor 

ran with erect neck, raised crest, and opened wings at a 

Snowy Egret which had come into its immediate foraging area. 

This action resulted in the Snowy Egret which was the sub

ject of the aggression being chased from the immediate 

vicini t y. Snowy Egrets ~wice displaced ~ricolored Serons 

af t er ~he ~ricolored Herons had a ~tempted to capture a 

prey item. There were no piracy attempts and the dis

placement did no: resul t in t he acquisi+ion of food for t he 

Snowy Egrets. ~he ~ricolorea Herons regained the foraging 

areas wi ~hin seconds of being displaced. A Great E~ret 

(Casmerodius albus) disnlaced a Snowy Egre t on one occasion. 

on one occasion each, Tricolored Herons aisplacea a 

Lit t le Blue Heron and a Snowy Egret which were in the 

foraging path. Two Snowy Egrets which at t empted ~o follow 



Table 6. Aggression among foragin~ Little Blue 
Herons (LBH), Snowy E~rets (SE), Tricolored Herons 
(1H), and Great E~rets (GE) in Old Tampa Bay and 
Safety Barbor, Florida. 

NON-AGGRESSOR 

L1'H SE TH 

~ L1'H 4 1 0 
{/) 
{/) 

~ SE 2 21 2 fl:! 
C) 

'l'H C) 1 J 6 < 
GE 1 

N 
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a Tricolored Heron were threatened with erect neck, raised 

crest, and a stab wi~h t he bill. On six occasions·, Tri

colored Serons with raised crests and hoarse croaks chased 

o :her ~ricolorea ~erons from the foraging area before re

turning to feed. 

Fora~in~ Associations 

Snowy E~re~s followed foragin~ Little Blue Herons 

on four occasions and foragin~ Tricolored Herons on four 

occasions. On all occasions the association .was brief 

(1 - J min) and di~ not result in strikes. Snowy Egrets 

followed White Ibises (Eudocimus albus) on six occasions 

for periods of 1 - 8 minutes. Snowy Egret - White Ibis 

foraging associations were uncommon at all times of the 

year. Snowy Egrets did not defend their White Ibis com

panions a~ainst conspecifics. While associated with White 

Ibises, Snowy Egrets made Jl strikes, four of which re

sulted i~ the capture of prey. This is a striking effi

ciency of 12.9%, well below the average efficiency for 

fora~in~ Snowy Egrets (42.8%). 

Snowy Egrets followed Red-breasted Mergansers (Mergus 

serrator) on two occasions and a Brown Pelican (Pelecanus 

occinentalis) on one occasion. ~o strikes were attempted. 

A Tricolored Heron followed a Brown Pelican swim-feeding 

in a canal for 7.5 minutes. The Tricolored Heron walked 

quickly one meter to the side an~ one meter behind the 

23 
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pelican. Twenty-o!'le strikes were attempted by the Tri

colored Heron with six fish captured, an efficiency of 

28.6%, which is less than the average striking efficiency 

for fora~ing . ~ricolored Herons (33.0%). Little Blue Herons 

never initiated foragin~ associations. 

Prey :-Iandlin~ 

Only 1.6% of the cantured prey was handled for more 

than t wo seconds. Little Blue Herons took longer than 

t wo seconds t o ha~dle 10 of 23 fish which were equal 

in len~th or longer than the bill, ranging from 25 seconds 

for an Atlantic ~ eedlefish (Stron~ylura marina) to three 

minut es for a Red Drum (Sciaenons ocellata). Six of 8 

fish equal in length or longer than the bill were handled 

lo!'lger than two seconds by Snow-y Egrets (range 7 sec -

3.5 sec). Tricolored Herons handled 17 of 31 of the fish 

eq ual in length or longer t han the bill for two seconds or 

lo!'lger (range 3 sec - 10 sec). On all occasions the Tri

colored :-Ierons delayed immediate swallowing to dip the 

prey in t he water. 

Li tt le Blue Herons handled Blue Crabs (Callinectes 

sanidus) equal to t he bill in length for an average of 

5.25 min (n = 2, range 2.5 - 8 min). The crabs were held 

in t he bill of the Little Blue Heron by their dorsal and 

ventral surfaces and posi t ioned in the bill such that 

their long axes were perpendicular to the le!'lgth of the 



bill. The Li tt le Blue Herons flattened the crabs, rotated 

the crabs such that ~heir long axes were parallel to the 

length of the bill, and swallowed. Legs which had dro-

25 

pec off during the fla tt ening process were subsequently 

eat en. Snowy Egrets swallowed Blue Crabs without manipula

tion. 

Defecation 

qeron ~efecation was observed on 28 occasions durin~ 

forag in~ periods. Little Blue Herons (n = 8) anc ~ricolor

e~ qerons (n = 9) always walked quickly out of the water to 

shore before defecati~g. Snowy Egrets followed the same 

procedure on 9 occasio~s but twice they defecated in the 

water. One Snowy Egret cefecated while foot-stirring in a 

pool with a second Snowy Egret within one meter. The other 

Snowy E~ret defecated while following a White Ibis. 



HABITAT USE 

Microhabitat 

The habita: was divided into five microhabitats: 1) 

shore - terrestrial, 2) shoreline - in the water near the 

shore, 3) pool - a bo0y of water separated or nearly sep

arate~ from the main bony of wat er, 4) open water - a.~ 

26 

area away from the shoreline (a bird foraging in ope~ water 

d oes so without reference to t he shoreline), and, 5) canal 

an exte~~ed , narrow body of wa:er open at one end. Two 

canals occurreCT wi thin the study area. 

Snowy Egrets (X2 = 641.18, p(0.001), Tricolored Herons 

( X
2 = 909.85, p< □ .OO1), ana Little Blue Herons (';x..

2 = 525.93, 

p < □ .OO1 ) all used m1crohabitats with a frequency which was 

~ot rand om. Snowy Egrets preferred the shoreli n e (47 .2% 

of total observation time) and pools (34.5%) to open water 

(9 . 9%) , the shore (4.3%), and canals (4.3%, Figure 6). 

Tricolored Herons preferred the shoreline (46.7%) to o ther 

microhabitats (Figure?). Tricolored Herons never foraged 

o n the shore. Little Blue Serons showed a preference for 

the s~oreli~e (32.2%) ann nools (42.1%) and spent little 

time fora~ing in onen wat er (8.5%) or in t he canals (2.0%, 

Figure 8). 
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Fi~ure 6. Snowy E~ret forag ing habitat use (total 
observation time) in Old ? amua 3ay and Safety ~arbor, 
Florida. SHR = shore, SHRL = shoreline, OW= open 
wat er. 
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The degree of association of a particular species with 

a particular microhabitat is small ('X.2 
= 529.18, p<..0.001, 

CA= .J?). All three species preferred the shoreline a~a 

pools. Extremely high microhabitat overlaps were found 

between Little Blue Herons and Snowy Egrets (CA= 0.94) 

I\ 
and between Snowy Egrets and Tricolored Herons (Cl= 0.95). 

A high overlap was also found between Little Blue Herons 

"' ann ~ricolored Herons (Cl= 0.8J, ~ables 5 and 7). 

Forap:;i·ns:z: Denth 

2 
Snowy Egrets (A = 138.15, p<0.001), rricolored Her-

ons (.X.2 = 412. 35, p < 0. 001), and Little Blue Herons (X.2 = 

19 5. 59, n < O. 001) foraged at a ifferent depths with a fre

quency which was not random. Snowy Egrets spent more time 

foraging at depths of 2J mm (21.9% of total observation 

t ime), 45 mm (21.8%), 90 mm (24.1%), and 68 mm (16.0%), 

than a t 142 mm (5.0%) or from shore (11.2%, Figure 9). 

~ricolored Herons foraged more frequently at depths of 2J 

mm (23.8%) and 90 mm (31.1%) than at other dep t hs (Fi~ure 

10). Lit t le Blue Herons foraged most frequen t ly at 90 mm 

( 29.4%), and least frequen t ly a t a depth of 142 mm (5.3%, 

Figure 11). 

~he degree of association between a particular heron 

species and a particular foraging depth is extremely weak 

(X,2 = 121.10, p<0.001, C = .19). Overlap of foraging depth 



f able 7. Frequency of foraging habitat use, as per
cen t of to t al observation time, for Little Blue Herons 
(LBH), s~owy Egre t s (SE), and ~ricolored Herons ( r H) in 
Old 'T'ampa Bay 8 nd Safety Harbor, Florid a. SHR = shore, 
SHRL = shoreline, OW= open water. 
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distribution was extremely high between Little Blue Herons 

and Snowy Egrets (Cl= 0.9J), Little Blue Herons and Tri

colore~ Herons (CA= 0.94), a~a Snowy Egrets and Tri

colored Hero~s (C~ = 0.98, Tables 5 and 8). There was 

no difference between t hese three species for habitat use. 

Behavior and Microhabitat 

Li t tle Blue Herons used walk-slow in all microhabitats. 

Snowy Egrets used walk-slow exclusively when foraging on 

shore (8 of 6J observations). Along the shoreline, Snowy 

Egrets used walk-slow (19 of 53 observations), disturb

and-chase (15 of 53 observat ions), and foot-stirring (11 

of 53 observations) most often, while Tricolored Herons 

used walk-slow (37 of 79 observations) and disturb-and

chase (28 of 79 observations). I~ pools, Snowy Egrets usec 

mos t ly foot-s t irring (20 of 20 observations) ann ~ricolorec 

Herons used walk-slow (10 of 25 observations), disturb-and

chase ( 7 of 25 observations), and stand ( 6 of 25 observa

t lons) mos t often. Snowy Egrets used disturb-and-chase 

( 7 of 1 9 observations) and walk-slow ( 6 of 19 observa

t ions) more than o t her behaviors in open wat er. Disturb

and-chase ( 21 of 41 observations) was the predominant 

behavior of ~ricolored Herons in open wat er. Walk-slow, 

dis t urb-and-chase, and foot-s t irring were used equally as 

of t en ( eac~ 2 of 6 observations) by Snowy Egrets i~ canals. 



r able 8 . Frequency of fo r a~1np; dep t h , as percent o f t o t al 
observat ion t ime , for Li tt le Blue Her ons (LBH), Snowy Egr e t s 
(S E ) , and T' r1 colo r e~ !i erons ( "!"'H) in Old Tampa Bay and Safety. 
Harbor, Florio a. 

Fora g1np; Depth 

Species 0 mm 23 mm 45 mm 68 mm 90 mm 142 mm 

LBH 18 .4 9 . 8 17 . 5 19 . 5 29 . 4 5 . 3 

SE 11. 2 21 . 9 21 . 8 16 . 0 24 . 1 5 . 0 

·i:'H 12 . 0 23 . 8 15 . 4 14 . 4 31.1 3 . 3 

w 
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~ricolorea Herons used walk-slow (14 of 27 observations) 

a~~ disturb-and-chase (12 of 27 observations) more than 

other behaviors whe~ foraging in canals (Figures 12 and lJ). 
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Fi~ure 13. Tricolored Heron forag ing behavior wi t hin 
microhabi t at in Old r ampa Bay and Safety Harbor, Florida. 
SH RL = shoreli~e, OW= open wat er, S~ = s t and, WS = 
walk-slow, DC= disturb-and-chase, S TC = s t and-and-chase. 



FOOD 

Table 9 summarizes the prey types of Little Blue 

Herons, Snowy E~rets, and Tricolored Rerons in Old Tampa 

40 

3ay ana Safe t y Harbor, Florica. Fish which were caught with 

a cas t -ne t in t he fora~ing area but were t oo small or no t 

rea~ily dis t inguishable before being consumed by t he herons 

are lis t ed in Table 10. 

Li tt le Blue Herons a t e a wide varie t y of prey wi t h 

polychae t es (JO.J%) and fish (JJ.6%) occurring most fre

quen t ly. Fish (50.5%) and crabs (40.7%) accounted for most 

of t he biomass of the diet of Li t tle Blue Herons. Snowy 

E~re t s a t e praw n. s (37.6%) and fish (42.2%) mos t frequently, 

wi t h fish (45.8%) accoun t ing for much of t he biomass. ~ri

colored Herons had a less diverse niet t han Li t tle Blue 

,erons and Snowy E~re t s. Fish (BJ.0%) occurred wi t h the 

~reat es t frequency in the die t of Tricolored Herons and 

accoun t ed for mos t of t he biomass (97.1%). Tricolored 

Herons ~ever ate crabs, isopoas, or flatfish, and a poly

chae t e was ea t en once. 

A monera t ely high overlap (c1 = 0.82) exists between 

the t ypes of prey in t he die t s of Li t tle Blue Herons and 



T' Hble 9. Poon of L1 t:.tle 9lue Herons (LBH), Snowy E12:rets (SE), Ann r rtcolorerl 1Jerons 
( rq) forA~1n~ ln Olrl ~nmoA 9Ay ann SAfety ~arbor, Plor1na. 
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~able 10. Fish found in the fora~ing areas 
of Little Blue Herons, Snowy Egrets, and 
1 ricolored Herons in Old ~ampa Bay and Safety 
q arbor , Flor 1 d a • 

Species 

Cypri '1od ont id ae 
Fund ulus grand is 
Fundulus sim111s 
Adinia xenica 
Cyprinodon varie~atus 
Lu.cania parva 

Poecilidae 
Poecilia lat1n1nna 

Ather1n10ae 
Menidia beryllina 

Mu;;z:1lic4 ae 
Mu'2:il cephalus 

Relative 
Abun~ ance 

Abundant 
Abundant 
Common 
Common 
Rare 

Common 

Common 

Rare 
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Snowy Egrets ann between Tricolored Herons and Snowy Egrets 

(Cl= o.80). ~here was less dietary overlap between Little 
A 

Slue Herons and Tricolored Herons (Cl= 0.59). 

Prey Size 

~h e size of prawns and fish in the diet of Little 

Slue Herons, Snowy Egrets, and Tricolored Herons was com

narec for overlap. There was high overlap for size of 

nrawns in t he diet of Li tt le Blue ~erons and Snowy Egrets 

(e1 = 0.99), Li tt le Blue Herons ana ~ricolored Herons 

(c 1 = 0.97), ana Snowy Egrets and ~ricolored Herons (Cl= 

0 .98, ~ables 5 and 11). Most prawns taken were apnroxi

mately 20 mm in length. This comparison may be meaningless 

because of the limited size of prawns available in the hab

itat and the fact t ha t all sizes of prawn are easily manin

ul a t ec by each heron species. 

~he overlap for size of fish in t he die t of Li tt le 
A 

Slue Herons and Snowy Egrets was low (CA= 0.Jl). A mod-
~ 

erat e overlap (c1 = 0.79) in fish size was found between 

Little Blue Herons and Tricolored Herons. ~his overlap 

was for fish 20 - 41 mm in length. There was moderate 

overlap (C~ = 0.79) for the size of fish in the diets of 

Snowy Egrets and ~ricolore~ Herons, primarily for fish 

20 mm in length ( Tables 5 and 12). 



~able 11. Frequency of prawn-size eat en 
by Li ttle Blue Herons, Snowy E~rets, and 
Tricolored Herons fora~in~ in Old Tampa 
~ay and Safety Harbor, Florida. 

Species 

LBH 

SE 

Prawn- Size 

20 mm 

84 

8J 

71 

41 mm 

16 

17 

29 
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Table 12. Frequency of fish-size eaten by Little Blue Herons, 
Snewy E~rets, and Tr1c~lored HerGns fora~in~ 1n Old Taapa Bay 
and Safety Harbor, Florida. 

Fish-S ize 

Species 2 0 mm 41 mm 62 mm 82 mm 111 mm 

LBH 10.J7 49.6J 23.00 15.56 1.48 

ss 79.00 9.68 7.00 3.76 0.54 

rH 42.60 JJ.70 14.50 8.46 0.90 



Behavior and Food 

Li ttle Blue Herons a t e four insects on one occasion 

when a bira foraging in a canal walked on t o an adjoining 

~rassy field. Isopods were eaten by Little Blue Herons 

which foraged along a rock wall when the tide was not yet 

low enough to allow foraging in t he water. Snowy Egrets 

foraged for isopods along the same walls but did so even 

when t he tide was low. 

46 

Food was considered as a func t ion of behavior t o 

de t ermine if a par t icular behavior results in a par t icular 

nrey t ype. As Li tt le Blue Herons used o ~ly t he walk-slow 

behavior and a t e a diversi t y of prey t ypes, no associat ion 

can be demonstra t ed for t his species. There is an associ

a t ion of behavior with prey (polychaetes, prawns, and fish) . 

wi t h Snowy Egrets (r_2 = JOJ.lJ, p<o.001, C = .64). Snowy 

Egrets used t he walk-slow behavior to eat polychaetes, and 

primarily s t and to cat ch fish. Walk-slow, dls t urb-and

chase, and foot-s t irring were used to catch prawns (Table 

lJ ) . 

~ricolored Herons haa a weakly significant rela t ion

ship be t ween prey t yne and behavior (A2 
= 69.68, p<0.001, 

C = .J9). Prawns were eaten with walk-slow; and fish with 

s t and, walk-slow, ano dis t urb-and chase (Table 14). 

Combinin~ t he resul t s for all t hree species indicates a 

relat ionship between foraging behavior and the t ype of prey 

cap t ured (J. . ..2 = 482.SJ, p(0.001, C = .55). Walk-slow . be-



TablelJ. Prey caught by Snowy Egrets as 
a function of behavior in Old Tampa Bay 
and Safety Harbor, Florida. sr = stand, 
WS = walk-slow, DC= disturb-ana-chase, 
FS = foo t-st irring . 

pelychaete 

prawn 

fish 

ST 

1 

5 

128 

ws 

56 

46 

JO 

DC 

39 

10 

FS 

76 

21 



Table 14. Prey caught by r ricolored Herons 
as a function of behavior in Old Tampa Bay 
and Safety Harbor, Florida. ST= stand, 
WS = walk-slow, DC= disturb-and-chase, STC = 
s tan~ -ana -chase. 

prawn 

fish 

ST 

2 

155 

ws 

52 

97 

DC 

5 

64 

STC 

3 

8 

+=" 
(X) 
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havior was used to canture prawns and polychaetes, and 

stand and walk-slow behaviors were used to capture fish 

(lable 15). A prey item cannot be predicted with certainty 

by observin~ a behavior. 



Table 15. Prey caught by Little Blue Herons, Snowy 
Egrets, and Tricolored Herons as a function of be
havior in Old Tampa Bay and Safety Harbor, Florida. 
ST= stand, WS = walk-slow, DC= disturb-and-chase, 
FS = foo t -s t trrin~, STC = stand-and-chase. 

polychaete 

prawn 

fish 

ST 

1 

7 

283 

ws 

178 

173 

261 

DC 

1 

44 

66 

PS 

76 

10 

STC 

3 

27 



FORAGING EFFICIENCY 

Efficiency and Behavior 

Little Blue Herons had a greater percentage of suc

cessful s t rikes (x = 59.0%) than Snowy Egrets (x = 42.8%; 

Z = J • 6 2 , p / 0 • 001 ) or 'I' r i co 1 or ed Herons ( x = J J • 0 ,% ; Z = 

4. 64, p 7 0. 001). Snowy Egrets and ~ricolored Herons were 

equally proficie~t at striking while foraging (Z = 0.05, 

p = o.480; Figure 14). 

Little Blue Herons used walk-slow for all foraging. 
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Snowy Egrets had a greater percentage of successful strikes 

using the stand behavior (74.28%) than walk-slow (39.14%), 

disturb-and-chase (Jl.94%), or foot-stirring (44.17%) 

behaviors (Table 16, Figure 15). Walk-slow resulted in a 

greater percentage of successful strikes for Snowy Egrets 

than did disturb-and-chase. Snowy Egrets were more suc

cessful striking when they used foot-s t irring than when 

using dis t urb-and-chase behavior. Tricolored Herons were 

equally proficient at striking with all foraging behaviors 

(Table 17, Figure 16). 
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Fi~ure 14. Strikin~ efficiency of Little ~lue 
Serons (L~H), Snowy E~rets (SE), and Tricolored 
Herons (TR) foraging in Old r ampa Bay and Safety 
Harobor, Florida. Calculated as t he averag e of 
t he efficie~cy for each observation (n: LBH = 63, 
S~ = 71, ~H = 96). 
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F1~ure 15. Snowy Egret efficiency by forag ing 
behavior in Ola ~ampa Bay and Safety Harbor, Floriaa . 
Calculated as the average of the efficie~cy for each 
o~servatio~ (na Sl = 10, WS = 39, DC= 24, FS = JO). 
ST = stan~, WS = walk-slow, DC= disturb-a~d-chase, 
FS = foot-stirring. 

Table 16. Comparative efficiency of Snowy E~ret 
foragin~ behavior in Oln Tampa Say and Safety Harbor, 
Florida . s~ = stand, WS = walk-slow, DC= a1sturb
an0-chase, FS = foot-stirring. 

S e- X l,lS z = J.87, p > 0. 001 ** 

S'.: X DC z = 2.8J, p = 0 .0023** 

s~ X FS z = 2 .75, p = O.OOJO** 

ws X DC z = 1.79, p = O.OJ67* 

ws X FS z = 0 .74, p = 0 .2296 

DC X FS z = 2 .79 , p = 0 .0026** 
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F1~ure 16. rricolored qeron efficiency by fora~ing 
behavior in Old Tampa Bay and Safety Harbor, Florida. 
Calculated as the avera~e of the efficiency for each 
observation (n, ST= 19, WS = 59, DC= 55, sT·c = 6). 
ST= stand, WS = Walk-slow, DC= disturb-and-chase, 
STC = stand-and -chase. 

T.able 17. Comparative efficiency of rricolored ~eron 
foraging behavior in Old Tampa Bay and Safety Harbor, 
Florina. ST= stand, WS = walk-slow, DC= disturb
and-chase, STC = stan~-and-chase. 

ST X ws z = o. 42, p = O.J372 

ST X DC '7 = 0.52, p = 0 .3015 LJ 

ST X STC u = 73, p ')0.05 

ws X DC z = 1.49 , t) = 0.0681 

ws X src z = 0.65, t) = 0 .2578 

DC X STC z = 0.22, p = o.4129 



Grams of Food Per Minute 

Li ttle Blue Herons obtained 0.86 grams wet weight 

of prey/minu ~e. s~owy Egrets obtained food a t a ra t e 
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of o.61 grams we t weigh t of prey/minute. Tricolored Herons 

ob t ained o.68 grams we t weight of prey/minute (Table 18). 

At t hese rates of food intake, Little Blue Herons would 

need t o forage for approximat ely 76.o minu t es/day, Snowy 

Egre t s would need to forage approximately 98.4 minutes/day, 

and ~ricolored Serons would need ·o forage approximat ely 

80.9 minu t es/day t o mee t daily food requiremen t s. 

Efficiency ana Microhabitat 

Li tt le Blue Herons had a grea t er percent age of suc

cessful s t rikes when foraging on shore (7J.4%) than in 

pools (48.6%), and in open wa t er (77.5%) than in pools or 

canals (JJ.J%, ~able 19 and Figure 17). Lit t le Bl ue 

Herons were equally proficient in all o t her microhabi t a t s. 

s ~owy Egre ~s were equally pro~icient, a t s t riking in all 

foraging microhabi t a t s (~able 20 and Fi gure 18). Tri

colored Herons were more successful s t riking along the 

shoreline (J7.J%) t han in open wat er (17.7%), and in 

canal_s (J2.J%) than in open water ( 'T'able 21 and Fig 1.1re 19). 

There was no difference in ~ricolored Heron s t riking effi

cie~cy be t ween t he shoreline, pools (27.7%), and canals, or 

be t ween pools a~a open wa~er. 



~able 18. Comparat ive fora~in~ efficiency of Li tt le 
Blue Herons (LBH), S nowy E~rets (SE), and ~ricoloren 
Herons ('~H) in Oln 'T' ampa Bay and Safety Harbor, Florida. 

forap;ing p; wet wt. est~ p; we t 
time id entif. total wt . prey 

Species in min prey wet wt. per min 

LBH 944 604.62 816.24 o.86 

SE 838 364.46 513.89 0.61 

'r H 1525 965.88 1036.88 o.68 
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F1~ure 17. Little Blue Heron foraging efficiency by 
microhabi t at in Old ~ampa Bay and Safet y Harbor, Florida. 
Calculated as the average of the efficiency for each ob
servation (ns SHR = 7, SHRL = 25, POOL= 28, CANAL= J, 
OW= 8). SHR = shore, SHRL = shoreline, OW= open water. 

Table 19 . Comparative efficiency of microhabitat use by 
Li tt le 3 l u e Serons in Old Tampa Bay and Safe t y Harbor, 

-Florida. SHR = shore, SHRL = shoreline, OW= open wa t er. 

SHR X SHRL z = o . 87, p = . 1922 

SHR X POOL z = O. JO , p = 0 . OOlJ *i~ 

SHR X OW u = 50, p 7 • 05 

SHR X CANAL u = 12.5, p ~ .05 

SHRL X POOL z = 0 . 53 , p = 0 . 2981 

SHRL X ow z = 1 .22, p = 0 .1112 

SHRL X CANAL u = 32, p"?'.05 

POOL X ow z = 1. 98 , p = 0 .02J9* 

POOL X CANAL z = 0 . 80 , p = 0 .2119 

OW X CANAL u = 12, p <. 05 * 
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Figure 18. Snowy Egret fora~ing efficiency by microhabitat 
in Old ~ampa Bay and Safety Harbor, Flori~a. Calculated as 
the average of the efficiency for each observation (n: SBR = 
2, SHRL = JO, POOL= 33, OW= 11, CANAL= J). SHR = shore, 
SHRL = shoreline, OW= open water. 

Table 20. Comparative.efficiency of microhabitat use by 
Snowy Egrets in Old Tampa Bay and Safety Harbor, Florida. 
SHR = shore, SHRL = shoreline, OW= open water. 

SHR X SHRL u = 4:6' p >. 05 

SHR X POOL z = 0 .17, p = o.4325 

SHR X OW u = 13.5, p > .05 

SHR X CANAL too few observations to test 

SBRL X POOL z = 1.05, p = 0 .1469 

SHRL X OW z = 0 . 85 , p = 0 .1 97 7 

SHRL X CA..t\JAL u = 58.5, p >.05 

POOL X OW z = 0 .23, :0 = o .4090 

POOL X CANAL z = 0 .54, p = 0.2946 

OW X C..t\JIAL u = 20, p :;,,.05 
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Figure 19. ~ricolored Heron foraging efficiency by 
microhabitat in Old Tampa Bay and Safety Harbor, Florida. 
Calculated as the avera~e of t~e efficiency for each ob
servation (n: SHRL = 49, POOL= 14, OW= 26, CANAL= 16). 
SHRL = shoreline, OW= open water. 

1:' A. bl e ?. l. Comparative efficiency of microhabitat use 
by Tricolored Herons in Old ~amna Bay and Safety Jar-
bor, Florie a. SHRL = shoreline , OW = onen water. 

S:1RL X POOL z = 0 . 92, p = 0.1778 

S~RL X OW z = J.Jl, p = 0.0005** 

S:1RL X CA'\J AL z = 0 .69 , D = 0 .2451 

?OOL X ow z = 0.11, p = o.4562 

POOL X CANAL u = 2 04. 5, p 0 . 05 

ow X CAKAL z = 2.44, p = 0.007J** 
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DISCUSSION 

O!'le of the goals of this study was to determine the 

mechanism of resource partioni~g among similar herons 

wi t hin the confines of a single habi t at. Li tt le Blue 

qero~s, Snowy Egre t s, an~ ~ricoloreq ~erons did !'lot over

lan sia~ifica!'l~ly in t heir use of foraging behaviors. A 

~1ffere'.1ce i n foraaing behavior was foun~ i~ compara t ive 

s~ucies of o ~her species of herons (Meyerriecks, 1962; 

Je!'lni, 1969; Williard, 1977). These authors su~gested that 

a ~ifference in behavior was sufficient to partition the 

available resources. The present study showed that Little 

3lue Herons and Snowy .Egrets used different foraging 

behaviors but a t e t he same t ype of prey. Snowy E~re~s and 

~ricolored Berons used t he same behaviors u~der some cir

c 1.1msta'.1ces, but the prey t ypes i!'lclud ed in t he a iet were 

similar. Thus, b-ehe.v1ors sho 1.1ld no_t be considered to be 

sufficien~ by ~hemselves to parti t ion resources. 

~abi~at differences have also been suggested as a 

mechanism for parti t ioning resources (Williard, 1977; 

Whitfield a!'lc Blaber, 1979). ~he present stu~y found 

~~a~ ~i~~ overlap in microhabita~ use exis ~e~ amo~g ~he 

~hree soecies. This high overlap was also fou~a for 

fora~ing dep~h so that it appears tha~ Li tt le 3lue Berens, 



Snowy Egrets, and Tricolorec Herons used t he same micro

habi t a ~s a : ~he same dep t h. ~o parti t ioning of the re

sources was achieved for these t hree heron species in t his 

study area by mechanisms of habi t a ~ segre~at ion. All ~hree 

species showed preferences for t he same portion of the 

habi : a t , 2J - 90 mm depth in pools and along :he shoreline. 

Jenni (1969) conducted a study of parti t ioning among 

four mi~-sized herons in a freshwa t er habita t . He found 

tha : nar t i ~ioning was achieved primarily :hrou~h a differ

ence in major foo~ i t ems, and t o a lesser degree by behavior 

ana microhabi t a ~ . The presen t s tudy found an insignifican~ 

overlan for orey t yne be~ween Li ttle Blue Herons and 

~ricolored Herons. A significant overlap was found for 

nrey t ype between Li: t le Blue Serons and Snowy Egrets and 

be~ween Snowy Egre t s and Tricolored Herons. Fish, which 

comprised much of t he diet of Snowy Egrets and Lit t le Blue 

S erons, overlapped li :~le when par t i : ioned by size. ~his 

con ~ras ~s wi :h Williard's (1977) study in which Snowy 

Egrets and Lit t le Blue Herons took fish of iden t ical size. 

Williard sugg es t ed t ha~ Snowy Egre t s used sligh t ly differen t 

habi:ats -han Li : : le Bl~e Herons bu t his da t a (Table 2) 

indica~e significan t habi t a t overlap in four of : he six 

mon : hs during which the t wo species occurred toge:her. 

Williar~ fo und moaerate overlap be t ween Tricolored 

Herons and Li ~-1e Blue Herons for size of fish eat en bu ~ 

li t~l e overlap in habitat use. Si~nificant overlap was 



found in ~he present s t udy for t he size of fish eat en by 

Tr·icolored Herons and Li t:: le Blue Herons. ~his overlap 
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may be meaningless in light of ~he low die:ary overlap of 

~hese ~wo species. ~owever, t his s t udy shows a significant 

nietary overlap and fish-size overlap for Tricolored Herons 

anc Snowy Egrets. Pianka (1974) demons~ra:ed :hat sym

pa:ric compe t ing species of lizards which exhibit high 

overlan on one dimension generally overlap li tt le on another 

oimension. ~his appears t o be t he case for Li +-t le Blue 

~erons and s~owy Egrets foraging sympatrically in a shallow 

es ~uary bu t does no t explain the observed relat ionship 

be t ween Tricolored Herons and Snowy Egrets. I : may be :ha~ 

~ricolored Herons and Snowy Egre t s are eat ing differen t 

species of fish and :herefore t he overlap is not real. Tne 

detection of such a subtle difference in diet between 

t hese two species is beyond the scope of ~he present s ~udy. 

Al~ernatively, food may not be a limi : in~ resource and a 

di fference in diet would not be necessary. 

Head and neck tilts and +-.he use of t he wings by fora

ging herons were mos~ recen~ly reviewed by Kushlan (1978). 

~ricolored Herons used neck til~s when s t anding or walking 

slowly, especially on sunny days. ~he til~ apparen~ly is a 

device designed : o reduce glare on t he surface of : he water, 

much in : he way t ha t. t he head ~11 +- does for Li t~ le Blue 

Herons (Krebs and Par~ridge, 197J). 

Twice Tricolored Herons foraged wi:h an open-winged 



behavior. ~he use of ~he open-winged behavior reduced 

g lare on t he wa ~er and may have a ~~ rac t ed fish ·o ~he 

false refu~e of ~he she.r,ow crea~ed by t he open wings. 

Meyerr i ecks ( 1 96 0) has seen fish swim t oward t: he shadow 

crea~ea by a Reddish Egret (Egre tta rufescens) ca~opy 

feeding . Wing-flicking has been proposed as a device for 

s t ar t ling mo ~ionless prey int o activi t y so t hat they may 

6J 

be seen and cap t ured (Meyerriecks, 1962). The frequent 

win p:-flick'i ~~ by Snowy Egre t s and ~ricolored Herons walki ng 

quickly i n t his s t udy were perceived t o be inten t ion move

me nt s. The herons were already moving quickly enoug h t o 

d is t urb prey. Wing-flicking, along wi t h t he opening of t he 

win p:s while run~ ing or preparin~ t o s ~rike, probably aids 

in balancing t he heron. 

Species which possess a repertoire of foraging behaviors 

mi g h t be expec t ed t o change their behavior to sui t a par

~icular microhabi t a t . This was no t ~r u e for Li tt le 9lue 

q erons in ~his s t udy which only used :-he walk-slow behavior. 

Snowy Egre~s used foo t -s t irring in pools and occasionally 

i n o · her microhabi +. a t s ~hat offered shallow-water and 

cryp t ic prey. Dis t urb-and-chase behavior was used by Snowy 

~ gre t s and Tricolored ~erons foraging in open wa t er. Tri

colored Rerons usea walk-slow or walk-quickly (dis t urb

a n~-chRse) behaviors along ~he shoreline. 

A snecies wi t h a reper t oire of foraging behaviors 

mi gh t also be expec t ed t o use differen t behaviors ~o 
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ca~ture different ,rey. Snowy Egrets ate •olychaetes ~nl~ 

when they used :he walk-slow behvior, but this behavior 

was alsm used t~ ca~ch prawns and fish. Walk-slow was 

~enerally the behavior used by Tric~lored Herons t~ catch 

prawns. Snowy Egrets used the stand behavior as the pre

do■inant ■eans fQr catching fish, ~enerally when the fish 

were trapped in saall po~ls. TricQlored Herens cau~ht fish 

by s t andin~, but usually along the shoreline and fro■ a 

cr~uch ~osi~ion. This crouch of the Tricolored Heron 

rese■bled a posture used by the Reef Heron (E~retta 

sacra) when approaching a saall ,ool or detectin~ a fish 

at a distance (Recher and Recher, 1972). Recher and Recher 

sug~ested that ~he crouch reduces the chance of be1n~ seen. 

I su~~est that the Tricolored Herons crouched to pre~are 

fer strikin~, and flattened ~he body by partially extendin~ 

the win~s to better balance theaselves. Flattening the 

body aay increase the aaount of body visible te the fish 

and not reduce i t . 

Cody (1971) sug~ested that birds in areas of renewable 

resources increase for~in~ efficiency by flock1n~. An 

individual would reduce the chances of fora~in~ in an 

area which had recently been depleted. Caldwell (1981) 

suggested ■ixed heron flocks in Panaaa ~ain an advantage of 

t his nature. This did not occur in t he present study as 

herons arrived at, and departed fora~ing sites independen t 

ly of o t her individuals. Individuals often fora~ed in 

areas recently ~acated by ~thers. -



Caldwell suggested ~hat Little Blue Herons and ~ri

colored Herons benefit by increasing foraging success when 

foraging near Snowy Egrets. Snowy Egrets benefit by sup

planting oTher species from food supplies. Snowy Egrets 

did not supplan t the other species from fooa on a regular 

basis in t he present s t udy. Snowy Egrets were the object 

of aggression as often as they were the aggressor. Russell 

(1978) suggested that Snowy Egrets a.re subordinate in mixed 

aggregations and that t heir efficiency is reduced in such 

si t uations. The mechanisms operating in Caldwell's aggre

gations which allowed Snowy Egrets t o benefit by supplanting 

Lit t le Blue Herons and Tricolored Herons did not operate 

in t his study. 

Snowy Egrets engaged in foraging associations with 

White Ibises on a few occasions but their striking effi

ciency was well below t he average striking efficiency of 

Snowy Egrets foraging a.lone. Courser and Dinsmore (1975) 

report over 70% of the Snowy Egrets in an area foraging with 

White Ibises. Meyerriecks (pers. comm.) has seen Snewy 

Egrets defend their White Ibises agains t conspecifics. This 

was no t observed in t his s t udy. The low number of success

ful strikes observed for Snowy Egrets and Tricolored Her•ns 

engaged in foraging associations may be misleading. An 

occasional food item of high quality may justify the asse

ciatiens. 

Unlike Little Blue Herons and Tricolored Herons, Snowy 

Egrets were seen to defecate in the water. Recher and 
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Recher (1972) sai~ that defecation out of the water is 

probably desi~ned to reduce prey avoidance. The situatien& 

in which Snowy E~rets defecated in the water su~gest that 

t hey did not wan t t o los·e a favsred posi tien which they at 

that t ime held. 

Search path, an impertant element of fera~in~. is 

~enerally no t considered in studies ef heren ecol•~Y• 

Herons which used the walk-slow behvior tended to walk 

a s t rai~ht line until a food item was encountered and then 

t he rat e ef t urnin~ increased, presUJtably se that the heron 

stayed in a preductive area. This patt ern has been observed 

in bees (Pyke, 1978), fish (Beukema, 1968), and birds (C~dy, 

1971). Disturb-and-chase behavier be~an in a similar manner 

but quickly de~enerated as chases ensued. Ne path was 

discerned from observations ef foot-stirrin~ because t he 

foci of a t ten t ien in mest cases were randoaly located 

pat ches of submer~ed ve~etation. Once prey was enceuntered, 

t he bird reduced t he search area t o the im.aed1ate vicini t y. 

There haTe been studies of for~in~ efficiency for 

sin~le species (Recher and Recher, 1969, 1972; Quinney and 

Saith, 1980) but not between species er for behaviors 

within a species. The present study feund that the s t rikin~ 

efficiency of Lit t le Blue Herens is consistent with t he 

earlier observations of Recher and Recher (1969). A more 

realistic ■easure of foragin~ efficiency is ~raas ef feod 

eaten/ainute for~in~ tiae. It appears that fora~in~ 
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need only occupy a relatively small pertien of a heren's 

day. Little Blue Herons fora~ed at a ~reater rate ef ~raas 

ef food/minute t han ~ricel•red Her~ns or Snowy E~rets. 

Outside of t he breedin~ season there are few c0nstraints en 

herons ether than fora~in~. and se feedin~ at a faster rate 

should conTey li tt le advant~e as len~ as feod supplies 

are adequate. 

Durin~ t he breedin~ season it may by advanta~eeus fer 

a bird t o ainiaize tiae for f•r~in~ (Schoener, 1971), 

allewin~ mere t iae t o be spen t es ~ablishin~ a nes t in~ t er

ri t ery, incubat in~ e~~s, and feed.in~ youn~. In this case, 

Li ttle Blue Herens, and Tricelored Herens, which als~ need 

t e spend less t ime fer~in~ t han Snewy E~rets, aay pessess 

an advant~e fer ~ainin~ the best nes t sites and/or increas~ 

in~ repr•ductiTe eu t put t hreu~h increased parental 1nTest

aen t . Len~ t era s t udies ef celeny feraat1en and repreduc

t ive eu t pu t for mixed celonies ef Li ttle Blue Herens, Snewy 

E~re t s, and Tricolered Herens cerrelated wi t h fera~in~ 

s t udies, are needed te de t eraine t he censequences ef diff

erent ial fcra~in~ rat es. 

~e fora~e ep t iaally, a heren sheuld use a behavier 

which aaxiaizes t he ener~y re t urn fer the leas t ener~y 

expendi t ure (Scheener, 1971). Condit1ens peraittin~, 

fora~in~ herons •i~ht be expec t ed t e s t and and eat fish of 

t he lar~es t size which did net require le~thy handlin~. 

In a te■perally variable envirenaent like t he ceastal 



■arine habi~a:, fera~i~ herens •i~ht be expected te 

develep t ac t ics t e ■eet chan~in~ cenditiens. Little 

Blue Herens did nGt vary their fera~ini behavier te ■eet 

different condi~ions. Lit t le Blue Herens used walk-slew 

behavi•r in all ■icrohabitats and were ■est efficient en 

shere, al•n~ t he shereline, and in epen water. Mest ef 

t heir t iae was spen t f~ra~in~ in po•ls and alon~ the 

shoreline. The fac t t hat Li ttle Blue Her•ns s~ent so 

■uch t i■e in a aicrahabi t at in which t hey were less than 

■axiaally efficient ■ay be related t o t he distributien of 

:prey. 
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Snewy E~rets were ■est proficient usin~ stand, a 

behaT1er which can be used en a li■ited nu■ber •f eccasiens. 

They were equally successful in all ■icrehabitats and s~en t · 

■•s t ef their ti■e alon~ the sh•reline and in poels, re

inforc1n~ the idea of prey distributien. BehaTior was 

■odified ~reatly by Sn•wy E~rets only in paGls where feot

s t irrin~ increased and dis t urb-and-chase behavior decreased. 

Tricelsred Her~ns were •~st successful al•n~ the 

sh~reline, in pools, and in canals. ~his was correlat ed 

wi ~h : he : i■ e Tricolored Herons spent in ■icrehabitats. 

Disturb-and-chase was the ■ost frequently used behavier by 

Tricolored Her~ns in epen water, which was the least suc

cessful ■icrohabitat. The fact ·that disturb-and-chase 

behavior was the predo■inant behavior in :he least suc

cessful ■1crohab1tat, but was not a.~y less successful 

ov_er_all .s~~es t s __ that _d_ifferent behaviers have different 



success rates in differen t ■icrehabitats. It aay be t hat 

because of prey characteristics and features •f the aicr•

habitat , disturb-and-chase behavior prevides the aaxiaua 

energy return allowable in open water. Less productive 

■icrohabi tats are ,robably used when <tther areas are una·

vailable or f~raging has been unsuccessful. Regardless 

of the circuastances, an optiaally for~ing heren should 

select the behav1er which is ■ost efficient for the partic

ular aicrohab1tat it is in. 

The ,resent study showed that a coabinatien of prey 

t ype and prey size ,artitioned t he res~urces available te 

Lit t le Blue Her~ns and Snowy Egrets, and Little Blue Herens 

and ~ricolored Her~ns. No ebvieus ,artitioning was 

detected for Snowy Egrets and Tricolered Herons. All three 

species differed in their use ~f for~ing behaviors. The 

aajority of aggressive interactions inv~lved conspecifics. 

Foraging associations were few and iaaediately unproduct1Te. 

All species fora~ed aost often in pools and along the shore

line. Little Blue Herons had a greater percenta~e of suc

cessful strikes t han did Snawy Egrets of Tricolered Herons. 

Little Blue Herons obtained food a t a grea t er rate of grB.lls· 

we t weigh t /ainute. All three species could obtain their 

daily food requireaent 1n a relatively saall portion of the 

day. Snowy Etrets need to spend ■ere ti■e foraging/day 

than Lit : le Blue Herons or ~ricelored Herons. 
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