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Abstract: Breeding colonial waterbirds are particularly susceptible to human  disturbance because o f  their 
high-density nesting habtt~ Identified detriments to reproductive success include egg and nestling mortality, 
nest evao~tior~ reduced nestling body mass and slower growth, premature fledging and modified adult 
behaviorg Fifteen species o f  colonial waterbtrds nesttng at 17 colonies in north and central Florida were 
exposed to three different human  disturbance mechanisms (HDMs) in order to determine recommended 
set-back (RS) distances for  protecting these mixed-species nesting assemblage~ Both intraspeciflc and inter. 
specific variation were observed in f lushing response distances to the same human  disturbance mechani.¢mg 
In genera~ colonial waterbirds exhibited greater average f lush distances in reaction to a walking approach 
than to approaching motor boat~ Recommended set-back distances were estimated using a formula  based on 
the mean p lus  1.6495 standard deviations o f  the observed f lushing distances plus  40 meters ~S = exp (#  + 
1.64950 + 40)]. In genera~ a recommended set-back distance o f  about 100 meters for  wading bird colonies 
and 180 meters f o r  mixed tern~skimmer colonies should be adequate to effectively buffer the sites we studied 
f rom human  disturbance caused by approach o f  pedestrians and motor boats. We recommend fol low-up 
studies to test our model at other breeding colonies. 

Distancia de alejamiento para proteger de las perturbaciones humanas alas colonias de aves nidificadoras en 
Florida 

Resumen :  Las ayes acu~ticas que habitan en colonias durante el pertodo de criag son particularmente 
susceptibles a l a s  perturbaciones humanas  por  sus hdbitos conducentes a una alta demidad de nido~ Los 
factore$ que disrainuyen el dxito reproductivo, tncluyen ia mortaltdad del huevo y el ptch6r 6 la evacuaci6n 
del nid~ la reducci6n de la masa corporal del pich6n o crecimeiento lento, el abandono prematuro del ntdo 
por  parte de los pie.hones y comportamtentos adultos modificados Quince especies de colonias de ave$ 
acu~ticas que nidtflcaron en 17 colontas del norte y centro de Floridg fueron expuestas a 3 mecanismos de 
perturbaci6n humana  dtferenteg a los efectos de deterrainar distanctas de alejamtento recomendables para 
proteger las agregaciones mtxtas de dstas especie£ Variactones tntra-especificas e inter-especificas en ias 
distanctas de respuesta frente a los mismos mecanismos de perturbaci6n h u m a n a  En genera~ los colonias 
de ayes acu~ttcas exhtbteron una mayor dtstancia promedio antes de volar en reacct6n a la cercania de pasos 
que al acercamiento de una embareactbn a motor. La dgstancia recomendada de alejamiento rue esttmada 
utilizando una f6rmul~  basada en la media md~ 1.6495 desvtaciones standard de la distancias antes de volar 
observad~ md$ 40 m ~RS = exp ( #  + 1. 64958 + 40)]. En genera~ una distancia de alejamiento de alrededor 
de 100 m para lus colontas de aves zancudas y 180 m para las colonias mtxtas ("tern/skimmer"), seria 
adecuada para amortiguar a los sitios que estudiamos de los tmpactos de las perturbaciones humanas 
cau~adas por  la aproximact6n de caminantes y embarcactones con motor. Recomendamos estudtos de 
seguimiento para probar nuestro modelo en otras colonias de c r ~  
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US& 
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Introduction 

Human disturbance can adversely affect wildlife, with 
colonial breeding birds being particularly susceptible 
because of  their high-density nesting habits. Several 
studies have shown both  qualitative (Johnson & Sloan 
1976; Ellison & Cleary 1978; Anderson & Keith 1980) 
and quantitative (Jenni 1969; Tremblay & Ellison 1979; 
Parsons & Burger 1982; Kaiser & Fritzell 1984) human 
impacts on colonial waterbirds. Adverse effects include 
egg and nestling mortality (Teal 1965; Schreiber 1979; 
Jeffrey 1987), premature fledging or nest evacuation 
(Veen 1977), and reduced body mass or slower growth 
of nestlings (Kurry & Gochfeld 1975; Pierce & Simons 
1986). Adult behavior also may be altered by distur- 
bance, resulting in altered foraging patterns (Skagen et 
al. 1991 ) and other  detrimental effects on reproduction 
(Glllet et al. 1975; Tremblay & Ellison 1979; Cairns 
1980; Saflna & Burger 1983). Responses of colonial 
waterbirds to disturbance may vary with habitat type, 
physiography of the colony, food supply, seasonality, 
and bird species (Manuwal 1978; Ollason & Dunnet 
1980; Erwin 1989). Some researchers also have re- 
ported no significant effects in relation to frequency of 
disturbance on breeding success (Goering & Cherry 
1971 ) or various degrees of habituation to disturbances 
(Robert  & Ralph 1975; Burger 1981a~ Burger & Goch- 
feld 1981). 

The increasing popularity of outdoor  recreational ac- 
tivities in recent  years has resulted in increased human 
disturbances of colonial waterbird breeding sites. This 
frequently has led to increased protect ion of these sites 
by placing them in public ownership and concomi- 
tantly, restricted recreational access to land and water 
around these breeding colonies. Conservation person- 
nel are faced with the difficult task of effectively buffer- 
ing important wildlife resources from disruptive human 
activities despite increasing demands for access to pub- 
lic lands. We define a set-back distance as a minimum 
distance of nonintrusion by humans measured from the 
perimeter  of a colony that will preclude disturbances to 
nesting birds. Previous recommendations for set-backs 
around nesting colonial waterbirds as a strategy to alle- 
viate disturbances have ranged from 50 to 200 meters 
for tern (Sterninae) species (Buckley & Bucldey 1976; 
Erwin 1989) and 100 to 250 meters for wading bird 
(Ardeidae)  species (Vos et  al. 1985; Erwin 1989). 
Anderson (1988)  suggested a "threshold" estimate of 
600 meters to protec t  a Brown Pelican (Pelecanus oc- 
cidentalis) colony in Mexico. Although Florida began 
protecting colonial waterbird nesting sites from human 
disturbance in 1976, the set-back distances currently 
used by a natural-resource personnel to protect  avian 
colonies in Florida are not based on regional empirical 
data. Most set-back distances were  derived from "best 
estimates" at the time of posting but  were  difficult 

to defend on legal and biological grounds. Therefore, a 
multispecies study was conducted to determine the set- 
back distances necessary to pro tec t  nesting colonial 
wading birds and seabirds from human disturbance. 

We were  interested in determining if individual spe- 
cies members  of the g round  nest ing guild ( o r d e r  
Charadriiformes) and tree nesting guild (orders  Pele- 
caniformes and Ciconiiformes) would exhibit similar 
flush distances to the same type of human disturbance. 
In Florida, the ground-nesting guild is represented by 
the gulls, terns, and skimmers (family Laridae), and the 
tree nesting guild is represented by wading birds (fam- 
ilies Ardeidae, Threskiornithidae, and Cicomidae) and 
other seabirds (families Pelecanidae, Anhingidae, Phala- 
crocoracidae). One proposed advantage of coloniality is 
its antipredator role (Lack 1968), and a primary advan- 
tage of increased vigilance is to allow the alerted birds 
to flee (Krebs 1978). Thus, colonial nesting may facili- 
tate group vigilance, and similar species within each 
colonial nesting guild may exhibit  similar flush dis- 
tances. In addition, we wanted to identify the potential 
of various types of human activities for causing wildlife 
disturbance. Pedestrian and boat traffic are the most 
frequent forms of human disturbance to waterbird nest- 
ing in Florida, especially at colonies on islands and ma- 
rine coastal sites. 

Our primary goal in this study, however,  was to rec- 
ommend set-back distances to prevent  human distur- 
bance of single-species and mixed-species colonies. 
Herein, we develop a technique to calculate set-back 
distances around breeding-bird colonies and recom- 
mend this method as a general model  that may be ap- 
plied elsewhere for buffer zones specifically designed 
for each species and location. 

Area 

Data were  collected at eight wading bird and nine sea- 
bird (collectively termed colonial waterbirds) nesting 
sites in Florida during the spring-summer of 1989-1991:  
Dee Dot Ranch (Duval Co.), a mixed-species wading- 
bird colony in a sparsely treed freshwater swamp, dom- 
inant nesting vegetation was cypress (Taxodium dtstt- 
chum); Matanzas Point (St. Johns Co.), two separate 
te rn  nest ing sites in natural  coastal  dune  habitat,  
sparsely vegetated with sea oats (Untola pantculata); 
Port Orange (Volusia Co.), a mixed-species wading-bird 
colony on a marine dredged-material island, dominant 
vegetat ion was black mangrove (Avicennta germi- 
nans); Oaks Mail (Alachua Co.), a mixed-species wad- 
ing-bird colony in a freshwater swamp, dominant vege- 
tation was southern willow (Salix carolintana); Lake 
Yale (Lake Co.), a mixed-species wading-bird colony in 
a freshwater swamp, dominant vegetation was cypress; 
Haulover Canal (Brevard Co.), a mixed-species wading- 
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bird colony on a coastal dredged-material  island, vege- 
tation mostly coastal red cedar  (Juntperus vtrginiana) 
and youpon  holly (flex vomitorla); Pelican Island (In- 
dian River Co.), a mixed-species wading-bird colony on 
a natural estuarine island, dominant  vegeta t ion was 
black and red (Rhizophora mangle) mangrove; St. Lu- 
cie Intlet State Park (St. Lucie Co.), a tern colony in 
coastal dune habitat; Island DS--3D (Hillsborough Co.), a 
tern and gull colony on a marine dredged-material is- 
land, l i t t le vege ta t ion ;  Wakulla  Springs State Park 
(Wakulla Co.), a cormoran t  colony in a freshwater ri- 
parian site along the banks of Wakulla Springs, primarily 
cypress trees; Holiday Island (Okaloosa Co.), a tern and 
skimmer colony in disturbed coastal dune habitat near 
Destin; Navarre Beach causeway (Santa Rosa Co.), a tern 
and skimmer colony nesting along the sparsely vege- 
tated road right-of-way; St. George  Island causeway 
(Franklin Co.), a tern and skimmer colony nesting along 
the sparsely vegetated road right-of-way; St. George Is- 
land State Park (Franklin Co.), a tern colony in natural 
coastal-dune habitat; Tern Island (Franklin Co.), a tern 
colony on an oyster-bar island in Alligator Harbor; and 
Phipps Point (Franklin Co.), a tern and skimmer colony 
on a sandy peninsula extending into Alligator Harbor. 
Further information for these sites are available in Port- 
noy et al. (1981)  or Nesbitt  et  al. (1982).  

Methods 

This study was conducted  under  the Florida Adminis- 
trative Code, General Purpose Wildlife Code 39-9.002, 
subsect ion 2, that permi ts  personnel  of  the Florida 
Game and Fresh Water Fish Commission and their des- 
ignated cooperat ing investigators to disturb birds for 
specific purposes  of  approved research. Our  field work  
also followed the  American Ornithologists '  Union guide- 
l ines for scientists conduct ing research on wild birds 
(Oring et al. 1988). The t ime spent  in each colony was 
less than or equal to the t ime required for normal nest- 
monitor ing activities, thereby minimizing disturbance 
by researchers while still allowing data collection. 

Th ree  types  of  h u m a n  d i s t u rbance  m e c h a n i s m s  
(HDMs) were  used to elicit initial flushing responses: 
(1 )  walking (continuous,  1 step/sec, direct  approach by 
1-5 people  on foot); ( 2 )  canoe (continuous,  0.5 m/sec, 
direct  approach by 2 people  in a 5.2 mete r  [17 foot] 
aluminum canoe);  and (3 )  motorboa t  (continuous, 0.5 
m/sec, direct  approach by 2 people  in a 4.3 mete r  [14 
foot] aluminum ion-boat with a 30 hp motor  of noise 
level 80--85 dBA). Our  walking approach toward nest- 
ing birds essentially repl icated Erwin's (1989)  rate, 
which we  considered a medium approach speed. 

Exper imenta l  p r o c e d u r e s  w e r e  appl ied  similarly 
among HDMs. Although the amount  and types of  vege- 
tative cover  varied among sites, all experimental  nests 
were  directly approached to allow an unobstructed cor- 

ridor (~>5 m wide)  of  sight of  the HDM by the nesting 
birds. The distance be tween  the HDM and the nest was 
measured in meters  using an optical range finder (Rang- 
ing, Inc., East Bloomfield, New York, U.SA. models  120 
and 620)  with calibrated accuracies of  -+ 0.5 m (~<30 
m )  to - 2.0 m ( > 3 0  m). Each experimental  bird and 
nest was at the edge of  the breeding birds under  obser- 
vation and fu shed  in advance of  other  birds rising off 
their nests. Each test bird was classified as ei ther an 
incubating adult (with eggs) or brooding adult (with 
nestlings) based on either direct  observations or known 
colony breeding chronology. Response to a HDM usu- 
ally involved alert or agonistic behavior, followed by 
rising off the nest and subsequent flight. Because it was 
difficult to quantify the initial alertYagonistic response 
distance due to concurrent  breeding activity, we  used 
the more  readily detected and easily measured "flush 
distance" as an index of disturbance. It  was defined as 
the distance from the HDM to the nest at the m o m e n t  
when  the bird actually began movemen t  away from the 
nest. 

Nesting terns and skimmers may be more  sensitive to 
human disturbance than other  colonial waterbirds be- 
cause they usually exhibit  an "initial panic" or "initial 
mass up t igh t"  (hereafter  up t igh t )  response when  first 
disturbed (Palmer 1941; Erwin 1989). An initial up- 
flight-response distance for terns was measured f rom 
the HDM to the colony edge. At some colonies, dis- 
tances for individual flushed birds also were  collected 
after the terns returned to  their nests f rom an up t igh t  
during annual surveys. In these situations, the method  
varied f rom the initial up t igh t  data collection in that 
2 -5  biologists were  generally moving through a colony, 
with one person measuring the distance about  1 mete r  
in front of the others. These individual flushing dis- 
tances were  analyzed for various trends separately from 
initial up t igh t  distances because the birds already had 
been disturbed, but were  not used in calculating the 
set-back distances (see below).  

All data we re  col lected be tween  0700 and 1600 
hours on clear to partly cloudy days, with wind condi- 
tions less than 15 km/hour. Statistical analyses were  con- 
ducted with PRODAS (Conceptual  Software, Inc., Hous- 
ton, Texas, U.S.A.). Observer  bias in measurements  of  
flush distances was minimized by having one or two 
observers take most  of the measurements.  

To reduce the effect of autocorrelat ion be tween  the 
first disturbance and subsequent  flushing events and to 
minimize our disturbance of avian breeding activities, 
we  purposely limited the number  of  disturbances to one 
or two events per  species or  site at small, compact  nest- 
ing colonies. Variances of  statistics f rom autocorrelated 
observations would be biased because the observations 
were  not independent.  A negative (o r  inverse)  relation- 
ship be tween  successive approaches and flush distances 
would suggest that birds acclimated to our repeated 
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approaches. Because of these restrictions, our data were 
urtbalance~ ~ not a~ comb'mations of spec'ms, ItDl~is, 
sites, and years were represented). In these situations (n  
< 5), we were unable to analyze site-year classifications; 
therefore, this source of variability was untested. A 
greater number  of disturbances were possible at some 
large waterbird colonies; multiple trials were conducted 
out  of view of the preceding disturbance because the 
nesting habitat provided a physical barrier to direct vi- 
sual and auditory contact with us and between succes- 
sive, individually disturbed birds. For three species, we 
were able to collect data to compare the flush distances 
between breeding adults and older nestlings capable of 
movement  from their nests. For nestlings, the approach 
distance also was measured as described above for 
adults. For large samples we plotted normal probability 
values and histograms for untransformed flushing dis- 

tances. These histograms and scatter plots frequently 
yiel~e~ x~ ' t - skewe~ ~s-xrib~axions. ~ i x h  a zhresYto~ 
phenomenon such as minimum flush distance, this re- 
sult was anticipated. Natural log transformation ap- 
peared to normalize distribution of the data; thus, all 
further analyses were performed on log-transformed 
data using parametric statistical procedures. Variances 
and stamiar~ deviation values in the text, Figures ~ and 
2, and calculations recommending set-back distances 
from back-transformed data were estimated by applica- 
tion of the delta method to obtain the asymptotic dis- 
tr ibution as described by Agresti (1984).  

Because most colonies were visited only once a year, 
we could not test for seasonal variation or habituation. 
But for some species and colonies, we were able to 
examine the effect of successive approaches on flushing 
distance. For species with a sufficient sample size (n  I> 

Species  ( sample  s ize)  Rank 

Pelecaniformes 

Double-crested cormorant (38) 

Brown pelican (63) 

Ciconiitbrmes 

Great blue heron (16) 

Tricolored heron (22) 

Black-crowned night-heron (9) 

Great egret (1 I) 

White ibis (12) 

Wood stork (20) 

Charadriiformes 

Least tern - upflight (17) 

- individual (71) 

Black skimmer - upflight (10) 

- individual (47) 

Figure 1. 
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Distances a t  which  colonial  waterbirds f lushed  f r o m  nests in response to a wa lk ing  approach directly 
toward their nest  (vertical bar = mean; horizontal  bar = range;, sol id hor izontal  box  = ± 1 SD). Species 
wi th in  each order wi th  the same  letter under  rank  are no t  signif icantly (p > 0.05) di f ferent  (ANOVA/Tukey's 
Mul t ip le  Range Test). 
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Species (sample size) Rank 

Pelecaniformes 

Anhinga (I I) 

Double-crested cormorant (12) 

Brown pelican 04) 

Ciconiiformes 

Great egret 05) 

Great blue heron (13) 

Little blue heron (13) 

Cattle egret (8) 

Snowy egret (7) 

W(x~d stork (60) 

Tricolored heron (7) 

Pelecaniformes 

Double-crested cormorant (5) 

Anhinga (l 8) 

Outboard motor boat 

Canoe 

A 

A 

B 

A 

A 

A B 

B C 

B C 

C 

C 

I A 

B 

I 1 I I I I 

0 i 0 20 30 40 50 60 

Distance (m) 

Figure 2. Distances a t  which  colonial  waterbirds f l u shed  f r o m  nests in response to mo tor  boat  or  canoe ap- 
proach directly toward  their nest  (vertical bar = meag.  hor izontal  bar = rang~, sol id hor i zon ta l  box  = +-1 
SD). Species wi th in  each order wi th  the same  letter under  rank  are no t  s igni f icantly  (p > 0. 05)  di f ferent  
(ANOVA/Tukey's Mul t ip le  Range  Test). 

5) collected on the same day, we tested for a trend in 
successive flushing distances and residual autocorrela- 
tion. 

After eliminating data that exhibited trends or auto- 
correlation, the data were considered independent of 
one another. We combined a species' flush distances for 
some years and sites with small sample sizes (n  < 5) for 
some colony-days (data collected on the same day at the 
same colony). We recognize that this may confound the 
effects of HDMs on flush distances for some species. To 
test for differences among species within the same 
HDM, we  First tested for homogeneity of variances using 
Bartlett's X 2 statistic for sample sizes of at least 5, fol- 
lowed by a t-test or ANOVA/Tukey's Multiple Range Test 
on the subsets (species x HDM, species x species x 
HDM). Where colony-days did not differ in variance of 
flush distances, we  concluded that the individual ap- 

proaches could be treated as the experimental unit and 
that each flushing response was a single datum. 

Results 

Data were collected on the flushing distances of  15 spe- 
cies of breeding colonial waterbirds in reaction to the 
three HDMs at 17 sites in Florida during 1989-1991. 

WaU,  
Wood Storks (Myc ter ia  a m e r i c a n a )  exhibi ted  the 
smallest mean flush distance (18.4 -+ 5.5 m), whereas 
Great Blue Herons ( Ardea herodtas ) possessed the larg- 
est mean flush distance (32.0 --- 12.3 m)  to a walking 
approach (Fig. 1). There were  significant (ANOVA/ 
Tukey's M.ILT., p < 0.05) differences among some spe- 
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cies of  colonial waterbirds to a walking approach that 
p rec luded  fur ther  pool ing  of the data for the tree- 
nesting guild into taxonomic groups, such as family and 
order, higher than the species level. Mean upflight dis- 
tances for Least Terns (Sterna antillarum, 59.0 --- 23.6 
m )  and Black Skimmers (Rynchops niger, 56.2 -+ 30.6 
m )  to a w a l k i r t g  approach were  about twice the mean 
individual bird-flush distances (27.9 - 9.4 m and 25.0 - 
9.6 m, respect ively)  f rom their nests after returning 
from an upflight (Fig. 1). 

We found significant (p  < 0.05) negative relation- 
ships--flnsh distances shorter  with successive on-foot 
approache~ only for Laughing Gulls (Larus atricilla) 
at the Island DS--3D colony ( r  2 = O.14,p < 0.04, n = 
31) and Cattle Egrets (Bubulcus ibis) at the Port Or- 
ange colony ( r  2 = 0 .66 ,p  < 0.001, n = 12). We found 
a significant (p  < 0.05) positive relationship--flush dis- 
tances increased with  successive on-foot approaches - -  
for individual Black Skimmers  at the St. George Island 
causeway colony during the incubation per iod of 1989 
and 1990 ( r  2 = 0 .66 ,p  < 0.001, n = 22; r 2 = 0 .25 ,p  
< 0.001, n = 56; respectively),  but  not during the later 
nestling period. We also investigated autocorrelation 
(especially first o rder )  using autocorrelation plots, plots 
of lagged-regression residuals, and Durbin-Watson tests 
(D)  for independence of serial correlation among resid- 
uals. We detected significant (p < 0.05) positive first- 
order  autocorrelat ion only for flush distances of individ- 
ual Least Terns during the incubat ion per iod at St. 
George Island causeway (1989: D = 0.906, autocorre- 
lation = +0.513,  n = 18; 1990: D = 1.543, autocor- 
relation = + 0.224, n = 77). Consequently, the indi- 
vidual  f lush d i s t ances  for  Least Te rns  and Black 
Skimmers at the St. George Island causeway colony rep- 
resented in Figure 1 are the data collected during the 
nestling per iod that did not exhibit  a significant rela- 
tionship or autocorrelat ion be tween  successive walking 
approaches. As the r e c o m m e n d e d  set-back distances for 
these two species were  calculated from the larger up- 
fl ightdistances (see Fig. I and Table 1 ), these effects are 
discussed here  but  did not  confound our set-back rec- 
ommendations.  

Boat Approach 

Brown Pelicans exhibited the shortest  individual flush 
distance (4 m )  and mean flush distance (9.4 +- 5.5 m),  
whereas  Great  Egrets (Casmerodtus albus) possessed 
the longest mean flush distance (28.9 + 8.6 m )  at the 
approach of a boat  (Fig. 2). As with the walking ap- 
proach,  there  w e r e  significant differences (ANOVA/ 
Tukey's M.I~T., p < 0.05) in the flush distances among 
some species of  the tree-nesting guild that prevented 
pooling these data into taxa higher than the species 
level. 

Table 1. Recommended set-back (kS) dismaces between 
breeding colonial waterbirds and a walking or motor boat 
approach directly toward the nest. 

RS Distance (m)  ~ 

Order and Species Walking Motor Boat 

Pelecaniforrnes 
Brown Pelican 

(Pelecanus occidentalis) 76 65 
Double-cres ted  Cormoran t  

(Phalacrocorax auri tus  ) 96 71 
Anhinga 

( Anh inga  anhinga ) 89 
Ciconiiformes 

Great Blue Heron 
(Araea herodtas) 100 82 

Great Egret 
( Casmerodius albus) 91 87 

Snowy Egret 
(Egretta thula) 67 

Tricolored Heron 
(E tricolor) 88 59 

Little Blue Heron 
(E. caerulea) 71 

Cattle Egret 
( Bubulcus ibis) 70 

Black,crowned Night-Heron 
(Nycticorax nycticorax ) 97 

White Ibis 
( Eudocimus albus ) 76 

Wood Stork 
( Mycteria americana) 65 63 

Charadriiformes 
Least Tern ~ 

(Sterna antillarum ) 154 
Black Skimmer b 

(Rynchops niger) 178 

a RS distance was calculated by using the formula l~  = exp (~ + 
1.6495 #) + 40 nt Values were rounded to nearest whole numbs .  
RS distances for these species were based on the upfltght response 

Canoe Approach 

Double-crested Cormorants  (Phalacrocorax auritus) 
flushed at significantly greater distances ( t  = 2.580,p < 
0.05) than Anhingas (Anhtnga anhinga) in our  limited 
data set (Fig. 2). 

Comparisons of HDMs 

Brown Pelicans ( t  = 2.333), Double-crested Cormo- 
rants ( t  = 6.168), Great Blue Herons ( t  = 5.172), and 
Tricolored Herons (Egretta tricolor;, t = 4.351) exhib- 
ited significantly (.p < 0.05) shorter  flush distances to an 
approaching boat  than to walking humans, whereas  the 
Great Egret showed similar flush distances ( t  = 1.174,p 
> 0.05) to approaches on foot and in a boat  (Figs. 1 and  
2). Flush distances for canoe and motor  boat  approaches 
(Fig. 2) were  similar ( t  = 1.370, p > 0.05) for the 
Anhinga. 

Double-crested Cormorants  exhibited significantly (p  
< 0.05) greater flush distances than Brown Pelicans for 
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motor  boat  ( t  = 8.291) but  not  f o r w a l k i n g ( t  = 1.140). 
Great Blue Herons and Great  Egrets appear  to be  two of 
the more  sensitive species w h e n  approached on foot or  
in a boat  (Figs. 1 and 2). 

Nesting and Interyear Comlmrisom 

There were  no significant (p  > 0.05) differences in flush 
d is tances  b e t w e e n  incuba t ing  and b r o o d i n g  adul t  
Brown Pelicans (17.2 + 10.1 m In = 38] and 22.5 +- 9.3 
m [n = 25], respectively; t = 1.527) and Double- 
crested Cormorants  (24.2 -+ 12.6 m [n = 24] and 33.2 
-+ 14.5 m [n = 14], respectively; t = 1.185) for the 
walking HDM. There  were  no significant (p  > 0.05) 
differences in flush distances collected be tween  1989 
and 1990 among adult Brown Pelicans for the walldng 
HDM (18.0 - 6.3 m [n = 45] and 23.0 + 5.6 m [n = 
18], respectively; t -- 1.383) and individual flush dis- 
tances of  adult Least Terns (33.4 -+ 9.9 [n = 18] and 
26.3 - 10.7 m [n = 53], respectively; t - 1.318), and 
individual Black Skimmers for the walking HDM (21.5 -+ 
8.3 m [n = 22] and 28.5 -+ 13.6 m [n = 25], respec- 
tively; t = 1.188) approaches. 

Adult Least Terns (27.9 - 9.4 m, n = 71) and Black 
Skimmers (25.0 -+ 9.6 m, n = 47)  exhibited signifi- 
cantly greater  individual flush distances ( t  = 1.668 and 
1.854, respectively; p < 0.05) than unattended, mobile 
nestling terns (17.2 - 12.3 m, n = 21)  and skimmers 
(16.3 --- 4.4 m, n -- 19) during a walking approach. 
Adult (19.2 -+ 7.4 m, n = 63)  and nestling (21.3 -+ 3.5 
m, n -- 12) Brown Pelicans exhibited similar ( t  = 
1.523,p > 0.05) flush distances to walking approaches. 

Discussion 

Our study detec ted  interspecific response variation to 
the same HDM among colonial ~ waterbirds, especially 
among the tree-nesting guild. Great  Blue Herons and 
Great  Egrets generally exhibited the largest flush dis- 
tances, whereas  Brown Pelicans and Wood Storks gen- 
erally possessed the smallest flush distances. Other  stud- 
ies also have found similar variation among species 
(Manuwal 1978; OUason & Dunnet  1980; Burger & 
Gochfeld 1981; Erwin 1989). Mueller and Glass (1988)  
noted that some species of  waterbirds---Snowy Egrets 
(E thula), Tricolored Herons, and' White-faced Ibises 
(Plegadts chihi)--were more  adversely affected by dis- 
turbance than other  species. We also found that some 
species, such as Brown Pelicans and Cattle Egrets, were  
relatively tolerant of human disturbance. This may be 
due to their long association with and habituation to 
human activities in Florida; pelicans frequently associate 
with fishing activities and "panhandle" at docks and 
piers, and Cattle Egrets often follow farm machinery. 

Several species (Brown Pelican, Double-crested Cor- 
morant,  Great  Blue Heron, Tricolored Heron)  exhibited 
shorter  mean flush distances to a boat  approach com- 

pared  to a walking approach. Vos et  al. (1985)  repor ted  
that most  boating activity caused the least disturbance 
to Great  Blue Herons. Grubb and King (1 9 9 1 )  also 
found that pedestr ian traffic was the human  activity 
most  disturbing to Bald Eagles (Haliaeetus leucoceph- 
alus), and Klein (1993)  found that human traffic was 
more  disruptive than vehicular traffic to several species 
of  foraging waterbirds. 

We did not detect  differences in the flush distances 
be tween incubating and brooding adults. Likewise, Er- 
win (1989)  repor ted  no significant correlat ions be- 
tween response distances and nesting phase, though he 
did note a weak (p  = 0.10) relationship for Least Terns 
and nesting phase. In our study, three species (Brown 
Pelicans, Least Terns, and Black Skimmers)  demon-  
strated that a set-back distance that prevents  flushing by 
nesting adults also should provide an adequate buffer 
zone to prevent  flushing (nest  evacuation) by older, 
mobile juvenile birds. In addition, the up t igh t  distances 
were  greater than the individual flush distances of  nest- 
ing Least Terns and Black Skimmers and there fore  
should be  used to calculate set-back distances for these 
species. 

We detected both decreasing distance responses to 
repeated approaches ( among  Cattle Egrets, Laughing 
Gulls) and increasing distance responses to sequential 
approaches (among Black Skimmers), as well  as, first- 
order  autocorrelated responses ( among  Least Terns)  
during our  analyses. It appears that the responses of  
individuals of these four species to a sequential on-foot 
approach may have been affected by our previous ap- 
proaches .  Both acc l imat ion  to d i s turbance  and in- 
creased sensitivity to disturbance phenomena  should be  
considered by researchers in future studies. We could 
have adjusted for the effects of  first-order autocorrela- 
tion by multiplying the estimated variance by a function 
of the estimated autocorrelation coefficient. Because of 
the much  greater distances for the up t igh t  responses of  
Least Terns and Black Skimmers, however,  we  did not 
use data on the flush distances of  individual birds for 
these two species when  estimating the r e c o m m e n d e d  
set-back distances as we  did for the o ther  colonial 
waterbirds. In addition, we  did not estimate set-back 
distances for Cattle Egrets and Laughing Gulls because 
of a significant negative relationship in successive ap- 
proach and flush distances for these two species. To 
compensate  for the effects of  acclimation, these species 
could be represented by a statistic related to the pre- 
dicted regression value of the first observation, rather 
than a statistic based on the species mean. However,  w e  
did not have enough data to do this. Future research by 
other  investigators should consider these factors when  
designing and testing hypotheses. 

One p roposed  advantage of  coloniality for single; 
species and multi-species assemblages or  nesting guilds 
is ant ipredator  defense via early warning to colony 
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members  (see  reviews in Burger 1981b; Wittenberger 
& Hunt 1985). Least Terns and Black Skimmers exhib- 
ited similar long upflight distances, an advantage for 
these ground-nest ing gui ld  species. The tree-nesting 
guild spec ies  ( P e l e c a n i f o r m e s  and  C icon i i fo rmes )  
showed smaller flush distances, however,  possibly the 
r~-sx~x o~ n t ~ m ~  aMove ~ o u n ~  ~e~eh an6 s e c ~  ~rt~m 
approaci-t o~ some  mammalian predmors.  "i~ese tree- 
nesting species also exhibited greater interspecific dif- 

these mixed-spec ies  nest ing assemblages wou ld  be 
group vigilance that allows the alerted birds to flee from 
a predator  (Krebs 1978). The intermediate-sized day 
herons (such as Little Blue Heron, Tricolored Heron, 
Snowy Egret)  that tend to  nest under  the  vegetat ive 
canopy (see Burger 1978) would gain an advantage by 
nesting with the more  vigilant ( larger flush distances) 
Great B}ue Hezons and G~eat Egrets that tend to  nest 
higher in the canopy. 

It appears that acclimation to tangential vehicle traffic 
also occurs  among some colonial waterbirds. Although 
we made no direct  test  in this study to determine the 
minimum distance to elicit a flush response to a tangen- 
tially moving vehicle, data from another study demon- 
strated that Least Terns (~  = 11.0 m, range = 7-15  m, 
n = 103 nests)  and Black Skimmers (,~ = 12.6 m, range 

3.225, respectively; p < 0.001) to the road edge com- 
pared to their individual flush distances (least tern: ~ = 
26.6 m, range -- 12-59 m, n = 54 nests; Black Skim- 
mer: ~ -- 25.0 m, range = 12-44 m, n = 47 nests) in 
response to  ~¢alidxag approaches  at the St. George  Island 

to the roadway at this colony was apparently the lack of 
suitable subs~rate wia i /n  the adjacent  grass-covered 
right-of-way. Only rarely did terns and skimmers nesting 

due to nearby (about  10 -15  meters)  tangential vehicu- 
lar trafiic such as large, noisy tractor-trailers. This sug- 
ggeszs x~nax Ma'61~oa~lon xo some xypes o~ 'm~tnat~ fi~bXat- 
bance  is poss ib le  for  some  species  at some  sites, 
especially when  breeding habitat is limited as for larids 
in Florida- Similar instances of acclimation by colonial 

Anderson (1988).  

Recommendations and implementation 

A major  conclusion of our study is that all species must 
be  considered when  recommending  set-back distances 
around mixed-species waterbird colonies. Association 
w i ~  m/xed-species aggregations may even increase the  
flushing distances for some species (Stinson 1988). Sev- 
eral authors have r e c o m m e n d e d  set-back distances to 
pro tec t  colonial waterbirds from human disturbance. 

Vos et al. (1985)  r ecommended  buffer zones of  250 
meters  on land and 150 meters  on water  for Great  Blue 
Herons. Anderson (1988)  p roposed  a min imum of 600 
meters  for Brown Pelicans nesting on an island off the 
west  coast of Mexico, bur  this "min imum threshold" 
value was derived from indirect estimates of  human traf- 
~ c  a~o~'iuox, x~a~ns, q~,M_~t~MeT a~6 q~cM~r t/~Mex ~ 39")~) ~ec- 
ommen~e~  Z~at Doub~e-creste~ C, ormorants n e s ~ g  in 
single-species or mixed-species colonies should not  be  

study that specifically examined disturbances to colo- 
nial waterbirds was by Erwin (1989).  Based on a mean 
(+-SD) flushing distance formula, Erwin (1989)  recom- 
m e n d e d  a buffer zone of 100 meters  for Least Terns and 
wading birds and 200 meters  for  Black Skimmers and 
Common  Terns (S. hirundo).  For terns and skimmers, 
Erwin (1989)  used the up t igh t  response to r ecommend  
set-back distances. 

Our attempts to quantify the onset of alert and ago- 
nistic behaviors by colonial waterbirds in response to 
exposure to various HDMs proved  very difficult. Be- 
cause of much  concurrent  nesting activity, it was not 
always possible to detect  when  the bird under  observa- 
tion exhibited an alert/agonistic response to the HDM. 
However,  observations f rom blinds indicated that nest- 
ing birds generally became agitated by an approaching 

from the nest. This distance is similar to the additional 
buffer-zone distance of 50 meters  r ecommended  by Vos 
et al. (1985).  The addition of 40 meters  ( + 4 0  m )  to the 
flushing distances of  our sampled populations would  be 
a cocservat ive xpproach to mi~3imize alet~xg~e, is~ic re- 

tion in vegetative cover, intraseasonal differences, and 
foo~ supply ~ a r  might  cause increased stress o~ 
colony (Hunt  1972; van der  Zande & Vestral 1985), and 

distances. 
We estimated r ecommended  set-back (RS) distances 

calculated from the mean and standard deviation of our 
sampled populations (Table 1). For a given species, let 
X~ represent  the observed flushing distance for an indi- 

that the X~ are independent,  identically distributed and 
follow a lognormal distribution with  the parameters  Ix 
and cr such that ~ = E (Y~) and ~2 = var (Y~). Using 
Qo.~ as the ninety-fifth percent i le  o f  this distribution 
(0.95 = P (X~ ~ Qo.95)), the desired RS distance was 
considered to be Q0.9~ + 40. To estimate Qo.95 and the 
RS, the relationship be tween  percenti les of  the lognor- 
real and normal distributions was used. Thus, for the 
ninety-fff~ pe rcemi le  of a standard norma~ distribm~o~, 
Zo.9~ = 1.6495 and 

Qo.95 = exp (tx + 1.6495 or). 
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T h e n ,  t h e  
A 

es t imated  RS dis tance  was  ca lcula ted  as 

A 
RS = exp ( ~  + 1.64958) + 40, 

where  IX and O are the sample mean and standard devi- 
a t ion  for the observed values of  Yi = In (Xt),  i = 
1 , . . . ,  rL We believe that the one-tailed 5% criterion 
provides a sufficiently conservative margin in the estab- 
lishment of  RS distances for colonial waterbirds while 
providing a p rocedure  that does not  require assump- 
tions that are unreasonable for our  data. 

Human disturbance during wildlife viewing can sub- 
tly disrupt communi ty  dynamics (Skagen et al. 1991). 
Therefore, at mixed-species colonies of  waterbirds, the 
most  sensitive species---the most  "skittish" species with 
the greatest flush distance---should be  used for deter- 
mining the RS distance. We further r ecommend  that the 
up t igh t  distances be  used to calculate the RS distance 
for mixed tern and skimmer colonies. Due to low sam- 
ple sizes, we  were  unable to estimate a RS distance for 
most  species disturbed by approach of a canoe. For An- 
hingas, however ,  the RS distance for a canoe approach 
(88 m )  is similar to that of  a moto r  boat (89 m). Thus, 
we  tentatively r e c o m m e n d  that a RS distance for canoes 
and other  similar vessels be  the same as for a motor  boat  
(Table 1 ). For mixed-species colonies that are subject to 
multiple HDMs, our data suggest that a RS distance of 
about  100 meters  for wading-bird colonies and about 
180 mete r s  for tern/skimmer colonies should provide an 
adequate buffer zone around the populations we  sam- 
pled in Florida. 

We urge conservat ion personnel  to use p rudence  
when  implementing the RS distances in Table 1 for sin- 
gle-species o r  mixed-species colonies elsewhere. For 
example,  on remote  islands seldom visited by humans, 
terns and other  pelagic ground-nesters may be more  
sensitive than in our  study. At the other  extreme,  some 
species may exhibit  degrees  of  acclimation to various 
disturbances for short  periods of t ime (as with the St. 
George Island causeway colony). But, we  believe accli- 
mation phenomena  should neither be  used as justifica- 
tion for reducing buffer-zone distances nor for attempt- 
ing to habituate any species to HDMs after birds have 
colonized a site. Some mitigation may be possible for 
shorter  RS distances when  physical barriers prevent  di- 
rect  visual contact  be tween  breeding birds and HDMs 
with low noise levels. Also, some evidence suggests that 
tangential approach by a HDM (such as vehicular traffic) 
may allow for a shorter  RS distance. This effect may be 
similar to one observed by Burger and Gochfeld ( 1981 ) 
for Herring Gulls (L argentatus)  that responded to the 
potential  threat of  approach by a researcher  at greater 
distances if the approach Was direct  rather than tangen- 
tial. Henson and Grant  (1991)  also noted  that breeding 

• Trumpeter  Swans (Cygnus buccinator)  only reacted to 
c o m m o n  vehicular traffic when  the vehicles s topped 

along roadways or sounded their horns. We have ob- 
served similar behavioral responses by  Least Terns and 
Black Skimmers at the St. George Island causeway col- 
ony and by Cattle Egrets at an 1-75 colony during this 
s t u d y .  

Conservation personnel  must  moni tor  breeding col- 
onies for changes in species composi t ion so that the RS 
distance can be  adjusted for the presence  of new, more  
sensitive species with greater  flush distances. Likewise, 
the per imeter  of breeding colonial waterbirds must  be  
moni tored annually so that the RS distance reflects cur- 
rent  colony boundaries (see Buckiey & Buckley 1972; 
Kerns & Howe 1967; Beaver et al. 1980). Managers also 
must  know if a breeding colony is used as a winter  roost  
to determine if the RS distance should be  maintained 
during the nonbreeding season. If the RS distance is 
discontinued during the nonbreeding season, it should 
be  re-established several weeks pr ior  to the arrival of  
breeding birds based on previous moni tor ing of  the 
breeding  chronology  of  the colony.  Effects on  the 
prelaying port ion of the breeding cycle associated with 
disturbance may include disrupted occupat ion of col- 
ony sites (Conover  & Miller 1978), subcolony prelaying 
abandonment  (Safina & Burger 1983), or o ther  adverse 
effects on pair-bond establishment and nest-site selec- 
tion behavior. 

We recommend  additional research to examine the 
effects of variable approach speeds (especially rapid, er- 
ratic movements) ,  tangential approaches, presence  of 
seasonal variation in response to disturbance, and other  
types of HDMs (such as jet-ski vehicles, aircraft over- 
flights, etc.). We realize that there are limits to our  
method  of calculating estimated RS distances for each 
species and that the values are more  subjective than 
implied from the RS equation. Because of the variation 
in flush distances among individual birds and species, RS 
distances may need to be  developed on an individual- 
colony basis. However,  we  believe the principles and 
techniques developed here  may be  applied elsewhere to 
serve as a general model  for specific design of RS dis- 
tances for each species, location, and situation. 

Acknowledgments 

Numerous individuals contr ibuted to the success of  this 
study. We thank the private individuals and public agen- 
cies that allowed access to colonial waterbird sites un- 
der  their control: J. E. Davis, Merritt Island N. W. IL, Pel- 
ican Island N.W.R. ,  Florida Depa r tmen t  of  Natural  
Resources, The Nature Conservancy, and the City of  
Por t  Orange.  J. Dodril l ,  J. Gore ,  J .B.  Miller, S.T. 
Schwikert, and A. Whitehouse assisted with  the field 
work  and data collection. C. Moore and S. Linda pro- 
vided valuable statistical consultation. We thank S. Nes- 
bitt, M. Erwin, C. Futch, P. MacLaren, L. Minasian, D. 

Conservation Biology 
Volume 9, No. 1, February 1995 



98 Set-Baclc Distances for Bird Colonies Rodgers & Smith 

Cairns, and an anonymous reviewer for reading earlier 
drafts of  the manuscript. We especially wish to acknowl- 
edge the c o m m e n t s  by D.W. Anderson and M.L. 
Hunter, Jr., that greatly improved our paper. We also 
acknowledge the support  of  our  agencies and thank the 
senior administrators and staff biologists at the Florida 
Game and Fresh Water Fish Commission and Florida 
Department of Environmental Protection that provided 
us with incentive to complete this joint-agency effort. 
This paper is derived from FG&FWFC study number  
7511. 

Hterature Cited 

Agresti, A. 1984. Analysis of ordinal categorical daut John wiley and 
Sons, New York 

Anderson, D.W. 1988. Dose-response relationship between human 
disturbance and Brown Pelican breeding success. Wildlife Society 
Bulletin 16:339-345. 

Anderson, D.W., and J. O. Keith. 1980. The human influence on sea- 
bird nesting success: conservation implications. Biological Conser- 
vation 18.'65-80. 

Beaver, D. L, R. G. Osborn, and T. W. Custer. 1980. Nest-site and col- 
ony characteristics of wading birds in selected Atlantic coast col- 
onies. Wilson Bulletin 92:200-220. 

Bucidey, F. G., and P. A. Buckley. 1972. The breeding ecology of Royal 
Terns Sterna ( Thalasset~s. ) maxima max ima  Ibis 114:344-359. 

Buckley, P.A., and F. G. Bucldey. 1976. Guidelines for the protection 
and management of colonially nesting waterbirds. North Atlantic 
Regional Offce, National Park service, Boston. 

Burger, J. 1978. The pattern and mechanism of nesting in mixed- 
species heronries. Pages 45-58 in A. Sprunt, IV, J. C. Ogden, and S. 
Winckler, editors. Wading birds. National Audubon Society, New 
York 

Burger, J. 1981a. Effects of human disturbance on colonial species, 
particularly gulls. Colonial Waterbirds 4:28-35. 

Burger, J. 1981b. A model for the evolution of mixed-species colonies 
of Ciconilformes. Quarterly Review of Biology 56:143-167. 

Burger, J., and M. Gocb.feld. 1981. Discrimination of the threat of 
direct versus tangential approach to the nest by incubating herring 
and Black-backed Gulls. Journal of Comparative Physiology and 
Psychology 95:676-684. 

Cairns, D. 1980. Nesting density, habitat structure and human distur- 
bance as factors in Black Guillemot reproduction. Wilson Bulletin 
92:352-361. 

Conover, M. R., and D. E. Miller. 1978. Reaction of ring-billed gulls to 
predators and human disturbances at their breeding site. Proceed- 
ings of the Colonial Waterbird Group 2:41-47. 

Ellison, L M., and L Cleary. 1978. Effects ofhuman disturbance on 
breeding Double-crested Cormorants. Auk 95:510-517. 

Erwin, R.M. 1989. Responses to human intruders by birds nesting in 
colonies: Experimental results and management guidelines. Colo- 
nial Waterbirds 12:104-108. 

Gfllet, W.H., J. L Hayward, and J.F. Stout. 1975. Effects of human 
activities on egg and chick mortality in a Glaucous-winged Gull 
colony. Condor 77:492-495. 

Goering, D.K., and IZ Cherry. 1971. Nestling mortality in a Texas 
heronry. Wilson Bulletin 83:303-305. 

Grubb, M. M. 1978. Effects of increased noise levels on nesting herons 
and egrets. Proceedings of the Colonial Waterbird Group 2:49-54. 

Grubb, T.G., and R.K. King. 1991. Assessing human disturbance of 
breeding Bald Eagles with classification tree models. Journal of 
Wildlife Management 55:500-511. 

Henson, P., and T. A. Grant. 1991. The effects of buma~ disturbance on 
Trumpeter Swan breeding behavior. Wildlife Society Bulletin 
19:248-257. 

Hunt, G.L. 1972. Influence of food distribution and human distur- 
bance on the reproductive success of Herring Gulls. Ecology 
53:1051-1061. 

Jeffrey, I~ G. 1987. Influence of human disturbance on the nesting 
success of African Black Oystercatchers. South African Journal of 

• Wildlife Research 17:71-72. 

Jenni, D.A. 1969. A study of the ecology of four species of herons 
during the breeding season at Lake Alice, Machua County, Florida. 
Ecological Monographs 39:245-270. 

Johnson, R. F., Jr., and N. F. Sloan. 1976. The effects of human distur- 
bance on the White Pelican colony at Chase Lake National Wildlife 
Refuge, North Dakot& Inland Bird Banding News 48:163-170. 

Kaiser, M. S., and E. K. Fritzell. 1984. Effects of river recreationists on 
Green-backed Heron behavior. Journal of Wildlife Management 
48:561-567. 

Kems, J.M., and J.F. Howe. 1967. Factors determining Great Blue 
Heron rookery movement. Journal of the Minnesota Academy of 
Science 34:80-83. 

Klein, M.L. 1993. Waterbird behavioral responses to human distur- 
bances. Wildlife Society Bulletin 21:31-39. 

Krebs, J. IZ 1978. Colonial nesting in birds, with special reference to 
the Ciconiiformes. Pages 299-314 inA. Sprunt, IV, J. C. Ogden, and 
S. WincHer, editors. Wading birds. National Audubon Society, New 
York. 

Kurry, C.R., and M. Gochfeld. 1975. Human interference and gull 
predation in cormorant colonies. Biological Conservation 8:23- 
34. 

Lack, D. 1968. Ecological adaptations for breeding in birds. Methuen, 
London. 

Manuwal, D.A. 1978. Effects of man on marine birds: a review. Pages 
140-160 in Wildlife and people. Proceedings of the John S. Wright 
Forestry Conference., Department of Forest and Natural Resources 
and the Cooperative Extension Service, Purdue University, Indiana. 

Mueiler, A.J., and P. O. Glass. 1988. Disturbance tolerance in a Texas 
waterbird colony. Colonial Waterbirds. 11:119-122. 

Nesbitt, S. A., J. C. Ogden, H. W. Kale, II, B.W. Patty, and L. A. Rowse. 
1982. Florida atlas of breeding sites for herons and their allies: 
1976-78. FWS/OBS-81/49. U.S. Fish and Wildlife Service, Office of 
Biological Services, Washington, D.C. 

Ollason, J. C., and G. M. Durmet. 1980. Nest failures in the Fulmar: the 
effects of observers. Journal of Field Ornithology 51:39-54. 

Oring, L. W., K. P. Able, D. W. Anderson, L F. Baptista, J. C. Barlow, A. S. 
Gaunt, F.B. Gill, and J. C. Winglield. 1988. Guidelines for use of 
wild birds in research. Auk 105(1, Suppl.):IA--41A. 

Palmer, R. 1941. A behavior study of the Common Tern (Sterna hir. 
undo L.). Proceedings of the Boston Society Natural History 12:1- 
119. 

Parsons, K. C., and J. Burger. 1982. Human disturbance and nestling 
behavior in Black-crowned Night Herons. Condor 84:184-187. 

Pierce, D.J., and T. R. Simons. 1986. The influence of human distur- 
bance on Tufted Puffin breeding success. Auk 103:214-216. 

Portnoy, J. W., R.M. Erwin, and T.W. Custer. 1981. Atlas of gull and 
tern colonies: North Carolina to Key West, Florida (including pel- 
icans, cormorants and skimmers). FWS/OBS-80/05. U.S. Fish and 
Wildlife Service, Office of Biological Services, Washington, D.C. 

Robert, H. C., and C.J. Ralph. 1975. Effects of human disturbance on 
the breeding success of gulls. Condor 77:495-499. 

Satina, C., andJ. Burger. 1983. Effects of human disturbance on repro- 
ductive success in the Black Skimmer. Condor 85:164-171. 

Schreiber, R.W. 1979. Reproductive performance of the eastern 
Brown Pelican Pelecanus occidentalis. Natural History Museum of 
Los Angeles City Contributions to Science 317:1-43. 

Conservation Biology 
Volume 9, No. 1, February 1995 



Rodgers & Smi~ Set-Back Distances for Bird Colonies 99 

Schreiber, R.W., and E.A. Schreiber. 1978. Colonial bird use and 
plant succession on dredged-material islands in Florida. I: Sea 
and wading bird colonies. Technical report D-78-14. U.S. Army 
Engineer Waterways Experimental Station, Vicksburg, Missis- 
sippL 

Skagen, S. IC, R. I. Knight, G. H. Orians. 1991. Human disturbances of 
an avian scavenging guild. Ecological Applications 1:213-225. 

Stinson, C. H. 1988. Does mixed-species flocking increase vigilance or 
skittishness? Ibis I30:303-304. 

Teal, J.M. 1965. Nesting success of egrets and herons in Georgia. 
Wilson Bulletin 77:257-263. 

Tremblay, J., and L N. EllisorL 1979. Effects of human disturbance on 
breeding Black-crowned Night Herons. Auk 96:364-369. 

Van der Zande, A.N., and T.J. VestraL 1985. Impacts of outdoor rec- 
reation upon nest-site choice and breeding success of the Kestrel. 
Ardea 73:90-99. 

Veen, J. 1977. Functional and causal aspects of nest distribution in 
colonies of the Sandwich Tern (Sterna g sandutcensgs Lath.). Be- 
havioural Supplement 20. 

Vos, D. IC, IZ/L Ryder, and W. D. Grand. 1985. Response of breeding 
Great Blue Hen)us to human disturbance in northcentral Colora- 
do. Colonial Waterbirds 8:13-22. 

Wittenberger, J. F., and G. L Hunt, Jr. 1985. The adaptive significance 
of coloniality in birds. Pages 1-78 in D.S. Farrier, J. IZ King, and 
IC C. Parkes, editors. Avian biology, vol. VIII. Academic Press, New 
York. 

Cor~ervation Biology 
Volume 9, No: 1, February 1995 


