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A study of the Aleutian tern (Sterna aleutica) was conducted during

1978 and 1979 on the west side of the CopDer River Delta in southcentral

Alaska. The objectives were to determine the location of colonies and

of nest sites of Aleutian terns, and to describe the e1ationship between

successional habitat changes and certain aspects of the nesting ecolcgy

of Aleutian terns. Thirty-four colonies containing 2428 Aleutian terns

were located within a vegetated strip between the tidal rnudflat arid the

inland region of dense shrubs and Sitka spruce. The vegetation of 10

intensively studied colonies was classified into 10 descrintive vegeta-

tion zones each of wnich had unIque structural cnaracterst1cs and

represented a different level of successional development. Three

vegetation zones of early seral stages composed the entire area of

colonies studied in the Eyak River area in the western edge of the study

area, Vegetation zones of colonies in the central and eastern portion

of the study area were nore diverse and represented successional stages

ranging from marsh to early upland. Aleutian terns showed no selectivity

for vegetation zones within colonies as locations for nests (P<005).
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Selection at the nest site level was demonstrated only in extreme condi-

tions: preference for higher density cover in low density vegetation,

preference for lower density cover in a high density vegetation, avoid-

ance of very wet sites, avoidance of bare ground, and avoidance of

shrubs. Density of nests averaged 84.3/ha and ranged from 36.9 to

151.9 nests/ha. Dispersion of nests within colonies and within vegeta-

tion zones was largely random. In the Eyak River area, a region of

poorly defined ponds and little development cf natural levees, colony

sites contained vegetation characteristic of very early successional

development. In the central and eastern portion of the study area, a

region of well developed pond basins and natural levees, colony sites

possessed vegetation characteristic of later successional development.

Although the Eyak River area was regularly flooded by spring tides and

the central and eastern portions of the study area were occasionally

and incompletely inundated prior to the 1964 earthquake, no portion of

the delta is now covered by tides. Colonies in the Eyak River area were

considered to be recently established as they were located in sites that

would have been unsuitable for nesting terns prior to the 1964 earth-

quake. Twelve colony sites located in 1978 in the Fyak River area were

still active in 1979. The desertion of 7 out of 15 colony sites in the

central portion of the study area in 1979 may have been caused by an

increasing prevalence of shrubs. Also, two colonies in the central

region within areas of the highest shrub cover, and located the furthest

inland were small and had poor nest success. Colony site tenacity may

be izr:portant in maintaining traditional colonies despite degradation of

the habitat caused by successional change.



NESTING HABITAT AND ECOLOGY
OF ALEUTIAN TERNS

ON THE COPPER RIVER DELTA, ALASKA

by

Lars H. Holtan

Submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Completed February 28, 1980

Commencement June 1980



APPROVED:

rotessor a

[s:

snerire an

artrnent of Fisheries

ean of IGraduate Scho1

e in

Wi

ge ot major

C

Date thesis is presented February 28, 1980

Typed by Cheryl Curb for Lars Hooker Holtan

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy



ACKNOWLEDGNEI ITS

This project was funded in its entirety by the USDA-Forest service,

Pacific Northwest Forest and Range Experiment Station. Logistical

support, facilities and back-up equipment were provided generously by

the Cordova Work Center of the Chugach National Forest. Secifically,

the cooperation and support of John Thilenius of the Forestry Sciences

Laboratory in Juneau, and Richard Groff and Garvan Bucaria of Cordova

USFS were greatly appreciated, especially during those periods of

crisis and equipment failure that were so much a part of the field

season. Inspiration, encouragement, and advise inadequately describe

the positive impact of Bob Eromley on the researcher and on this pro-

ject. From the conception to the completion of this study, the exper-

ience and insight of Bob Bromley provided a continuous source for the

researcher. I would also like to express my gratitude to Neil Shishido

for his assistance and companionship throughout the 1978 field season,

and to Dan Bynon for his help during crucial times both in and out of

the field. A special thanks is extended to Pete Isleib of Cordova,

Alaska for sharing his home and knowledge of the delta and local avi-

fauna. Bob Gill, USFWS, made available his accumulated store of Aleutian

tern data and literature. The suggestions and reviewing of my major

professor, Robert Jarvi, and of John Crawford were greatly appreciated

throughout this project.



TABLE CF CONTENTS

I. Introduction ............................................... 1

II. The Study Area ............................................. 3

III. Methods .................................................... 4

IV. Results ....................................................

Colony Distribution ..................................... 9

PopulationNumbers ...................................... 9

1979 Colony Activity ................................... 16

General Characteristics of Vegetation at Colony Sites .16

Classification of Vegetation Zones ..................... 17

Selection of Vegetation Zones as Nest Sites ............ 21

Nest Site Selection within Vegetation Zones ............ 21

NestDensity ........................................... 23

Dispersionof Nests .................................... 25

NestSuccess ........................................... 25

V. Discussion ............................................. 28

VI, Literature Cited ....................................... 34

VII. Appendices ............................................. 57



LIST OF FIGURES

Figure Page

I Map of the west side of the Copper River Delta showing
the area covered by aerial survey, with an insert point-
ing out the relative location in Alaska. 5

2 Map of the central portion of the west side of the
Copper River Delta showing location areas of Aleutian
tern colonies. 12

3 Map of the western portion of the west side of the
Copper River Delta showing location areas of Aleutian
tern colonies. 13

4 Map of the eastern portion of the west side of the
Copper River Delta showing location areas of Aleutian
tern colonies. 14

S Map showing the pre-earthquake areas of the Copper
River Delta and the frequency with which they were
covered by tidal flooding with the locations of current
Aleutian tern colonies superimposed (adapted from
Potyondy et al. 1975). 31



LIST OF TA8LS

Table Page

1 Aleutian tern colonies present on the west side of
the CopDer River Delta in 1973. 10

2 Distance to the tidal mudflat from Aleutian tern
colonies visited on the ground on the west side of
the Copper River Delta. 15

3 The average moisture index, density index and range
of average percent cover by colony for dominant
cover types of intensively studied COIOfl1CS 1-10. 18

4 The density and average nearest neighbor distance of
Aleutian tern nests in intensively studied colonies
1-10. 24

S The hatching success, average number of chicks hatched
per nest and the number of dead chicks found at nest
bowls per 100 nests for intensively studied Aleutian
tern colonies 1-7. 26



NESTING HABITAT AND ECOLOGY
OF ALEUTIAN TERNS

ON THE COPPER RIVER DELTA, ALASKA

INTRODUCTI ON

The Aleutian tern (Sterna aleutica) was considered a rare bird by

many (Bent 1921, Walker 1923, Murie 1936-38, Dement'ev and Gladkov 1951).

Historically, the recording of colony locations was considered important,

but critical data about the nesting habitat of the Aleutian tern were

seldom recorded. Nelson (1887), Hersey (1920), Walker (1923), Friedmann

(1933) and Howell (1948) provided only general characteristics of either

colonies or nest sites. On the North American continent the Aleutian

tern was recorded only in Alaska (Gabrielson and Lincoln 1959), and was

described as "an uncommon local breeder in the North Gulf Coast and Prince

William Sound with population estimates of several hundreds during the

summer (Isleib and Kessel 1973:97). Within the last few years, R.

Bromley (pers. comm.) and M. Isleib (pers. comm.) noted increased numbers

of Aleutian terns on the Copper River Delta. Interest in the Aleutian

tern was further stimulated when t.io colonies were discovered in 1975

(R. Broinley and P. Mickelson, unpubi. data), and two additional colonies

were located in 1977 (R. Broinley and L. Holtan, unpubi. data) on the west

side of the Copper River Delta. These observations suggested that the

Copper River Delta may provide an important breeding ground in North

America for Aleutian terns.

Although Aleutian terns possibly were present for some time on the

Copper River Delta but only recent discovered, dramatic changes in the

ecology of the area may have permitted their rapid expansion or, at the



least, brought about significant changes in distribution. As a result

of the 1964 Alaskan earthquake, tectonic uplift averaging 1.89 in

elevated most of the delta above the influence of tides (Reiinnitz 1972).

The cessation of tidal flooding with its subsequent alteration of

nutrient cycling, reduction of salinity, and increased drainage of the

marsh initiated significant vegetational changes that were expected to

have a dramatic impact on resident and migrant wildlife populations

(Crow 1968, Potyondy et al. 1975). Although most investigators predic-

ted negative effects of these ecological changes on wildlife, especially

waterfowl (Olson 1964, Shepherd 1965, Crow 1972), conditions may be be-

coming increasingly favorable for Aleutian terns. Because both habitat

changes and disturbance factors have dramatic effects on the distribu-

tion, population levels and reproductive success of terns (Austin 1940,

1946, 1947, Hawksley 1957), it is imperative to document the current

status and habitat utilization of the Aleutian tern on the Copper River

Delta.

The objectives of this project were

(1) to determine the location of colonies and number of Aleutian

terns on the west side of the Copper River Delta,

(2) to describe the habitat characteristics of colonies and of nest

sites of Aleutian terns on the west side of the Copper River

Delta,

(3) and to describe the relationship between successional habitat

changes and certain aspects of the nesting ecology of Aleutian

terns.
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THE STUDY AREA

Located on the coast of southcentrai. Alaska at approximately 60°N,

145°W, the Copper River Delta encompasses an area of about 282,600 ha

of which the major part still remains remote and inaccessible. The west

side of the Copper River Delta, an area situated adjacent to the ,town of

Cordova, Alaska, and transected inland by the Copper River Highway, was

selected for study for logistical reasons.

Post earthquake conditions and vegetational changes on the Copper

River Delta were mapped and documented by a number of investigators (Crow

1968, Reimnitz 1972, Potyondy et al. 1975, Scheierl and Meyer 1977). In

a general sense, the west side of the Copper River Delta can be divided

into an outer tidal zone, and an inner shrub zone. The outer tidal zone

is dominated by a sedge community, although shrubs are rapidly invading

the better drained areas. Near the inland zone, shrub cover increases

and consists of sweetgale Myrica gale), alder (Alnus crispa), and

willows (Salix spp.); stands of Sitka spruce (Picea sitchensis) pre-

dominate on the upper portion of the inland zone. Differences are

present in both vegetation and topography between western, and central

and eastern portions of the outer tidal zone. The western portion of the

study area in the vicinity of the Lyak River had poorly defined ponds

and little development of natural levees. Central and eastern portions

of the study area had well developed pond basins and well developed

natural levees.
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METHODS

After the arrival of Aleutian terns to the west side of the Copper

River Delta, areas accessible by boat and/or foot were searched for

colony locations. On 27 May and 20 June 1978 aerial surveys were con-

ducted by flying parallel transects at 0.4 km intervals at an altitude

of 46 in. The aerial survey covered 388 km2 with most effort expended

from the vegetated edge of the tital mudflat to 5-10 km inland. The

offshore barrier islands were included during preliminary searches

(Figure 1).

All colonies accessible from the ground were censused one or more

times while birds were present. Because some colonies were located late

in the nesting season after numbers of birds in other colonies had

declined substantially, the actual counts of birds in colonies that

were censused late in the season did not represent an accurate estimate

of the maximum number of birds present. Therefore, the counts of birds

in colonies that were found late were adjusted by the percent decrease

(33-56%) in numbers of terns in accurately censused neighboring colonies

within similar habitats.

Ten colonies (numbered 1-10) representative of different vegetative

communities and locations were selected for intensive study. To minimize

the effect of human disturbance, nest searching was confined to two

periods: the initiation of laying by the earliest nesters, and after

peak egg laying was completed. Colonies were avoided during storms or

rain and were vacated by the investigators as soon as eggs became cool

to the touch. The time available for continuous nest searching or data
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gathering ranged from 5 to 45 minutes, depending on wind velocity,

temperature, and cloud cover. A small numbered wire stak.e was placed

1 m to the north of each nest bowl to aid in relocating and identifying

the nest.

within 7 of the 10 intensively studied colonies, the fate of 165

nests was monitored. Daily visits were made to these colonies after

the initiation of hatching on 1 June 1978 but were suspended on 11 June

1978 when I suspected that visits were having a negative effect on the

survival of chicks. Because it was impossible to determine the exact

fate of nests when visits were resumed 4 days later, nests that con-

tained pipped or pipping eggs when visits were terminated were combined

with nests that were observed to hatch in order to calculate hatching

success. Three colonies were visited once at the initiation of hatching

and again after the completion of hatching to determine the effect of

human disturbance on hatching success.

Brief visits were made to 27 Aleutian tern colonies during June of

1979 to determine if these colony sites were still active. No attempt

was made to locate new Aleutian tern colonies in 1979.

Nesting terns occurred as both isolated groups of nests and as

clusters of groups of nests. I treated each group of nests as a colony

and defined colonies as a group of three or more nests, 0.2 km or more

from the next closest group of Aleutian tern nests. This distance

(0.2 km) was approximately 35 times the average nearest neighbor dis-

tance between nests within colonies.

The area occupied by each colony was established by constructing a

polygon around the colony based on the outermost nests plus the mean
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nearest neighbor distance between nests within the colony. After the

fledging of young, vegetation in each colony was sampled within 50 cm

diameter plots placed systematically at 5 meter intervals throughout the

colony. Percent coverage (Daubeninire 1959) and average height was re-

corded for cover types and species having a coverage of 5% or more in

each sample plot. Because of the difficulty in separating Carex

lyngbyaei from a number of grasses during early growth stages, I included

it within the broader category of graminoids. Except in a few cases,

where noted, Carex lyngbyaei comprised the majority if not the entirety

of this general grouping. An overall density index was recorded for

each plot on a scale ranging from 0 to 5, with a value of zero given to

bare ground (modified from Broinley 1976). Soil moisture was estimated

for each sample according to the following scale: 1 = dry, cracked,

crumbling; 2 = cohesive, malleable; 3 = moist, no excess water; 4 =

glistening, water visible with slight pressure; S standing water pre-

sent. These same measurements of vegetation structure and soil moisture

were collected at nest sites.

Information gained from vegetation in systematic plots, vegetation

samples at nest sites, measurements made throughout the field season,

and 35 mm aerial color photos provided the basis for identifying and

classifying vegetation zones within the ten intensively studied colonies.

The use of the term "zon&' is descriptive and is not intended to carry

connotations that may have been established by previous authors. Simple

vegetation maps were drawn for each colony and the areas of vegetation

zones were calculated with a compensating polar planimeter. Areas of

open water (ponds and sloughs) were not included as a part of colony

areas.



8

To determine the selectivity of nest sites, nest site locations by

vegetation zones were compared to the area of each vegetation zone within

the colony. Comparisons were evaluated with chi-square tests of inde-

pendence. Vegetation structure and soil moisture at nest sites were

compared to vegetation structure and soil moisture at systematic sample

plots within vegetation zones with the t-statistic. The 0.05 confidence

level was used in all statistical tests.

The pattern of distribution or dispersion of nests within each

colony and vegetation zone was determined according to Clark and Evans

(1954). Significant departures from random expectation were determined

in the direction of uniform or aggregated spacing.



RESU LTS

Colony Distribution

Thirty-four colonies of Aleutian terns were located on the west

side of the Copper River Delta (Table I, Figure 2-4, Appendix VII).

Twenty-eight of these colonies were visited and censused from the ground

and six colonies were viewed only from the air as they were inaccessible

from the ground.

Concentrations of breeding birds were found scattered along the

coastal edge of most of the survey area. Aleutian teril colonies were

not found on unvegetated tidal mudflats, or further inland where dense

shrubs or stands of Sitka spruce predominate, but were restricted to a

narrow strip (averaging 2 km wide) along the vegetated edge of the tidal

mudflat. Twenty-six of the 28 colonies visited, containing 98 percent

of the birds, were located within 3.6 km of the tidal rnudflat (Table 2).

All 34 colonies were within the general vegetation zone of well developed

tidal flat and open levee described by Scheierl and Meyer (1977). The

greatest concentration of both Aleutian terns and colonies was located

in the Fyak River area on the western edge of the survey area (Figure 3,

Areas G, H, I). Eight colonies containing 596 birds were clustered

within a 1.61 km diameter circular area in this region.

Population Numbers

A total of 275 nests was located in the 19 colonies visited while

incubation was still underway. Fifteen hundred and fifty Aleutian terns,

presumably breeding adults, were counted. Thirteen hundred of these were
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Table 1. Aleutian tern colonies present on the west side of the Copper
River Delta in 1978. An adjusted bird count was calculated
for colonies that were first visited late in the breeding
season after numbers of birds in accurately censused colonies
had declined considerably. The Area ID refers to the general
colony locations shown in Figures 2, 3, and 4. Detailed
colony locations are presented in Append.ix VII.

Maximum
Area Colony Observed Adjusted Date First
ID Number Birds (1978) Count (1978) Discovered

A 1a 60 60 1975

B 2 55 55 1977

B .3 45 45 1May78

F 4 25 25 3 May 78

F 5 25 25 4 May 78

F 6 40 40 4May78

C 7 35 35 1977

D 8 45 45 1975

C 9 50 50 28May73

C 10 85 85 28May78

C 11 10 10 14 May 78

A 12 20 20 23May78

A 13 70 70 23 May 78

C 14 30 30 27 May 78

H 15 25 25 27 May 78

C 16 45 45 28 May 78

G 17 130 130 28 May 78

C 18 80 176 27 June 78

G 19 25 55 27 June 78

H 20 15 23 12 June 78
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Table 1. (Continued)

Maximum
Area Colony Observed Adjusted Date First

ID Number Birds (l978 Count (1978) Discovered

H 21 30 45 12 June 78

H 22 30 45 12 June 78

I 23 50 75 12 June 78

H 24 10 15 12 June 78

B 25 15 34 16 June 78

B 26 100 225 16 June 78

B 27 100 225 23 June 78

K 28 50 150 24 June 78

E 29 30 68 20 June 78

J 30 50 113 20 June 78

L 31 50 113 20 June 78

M 32 40 90 20 June 78

M 33 50 113 20 June 78

M 34 30 68 20 June 78

TOTAL 1,550 2,428

aColonies 1-10 were intensively studied, colonies 11-28 were visited
on the ground, and colonies 23-34 were viewed only during aerial
surveys.
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Table 2. Distance to the tidal mudflat from Aleutian tern colonies
visited on the ground on the west side of the Copper River
Delta.

Distance to Number Number of Birds

Tidal Mudflat (km) of Colonies (Observed) (Adjusted)

0-0.5 6 305 574

0.51-1.0 2 100 225

1.01-1.5

1.51-2.0 4 195 195

2.01-2.5 6 325 451

2.51-3.0 5 215 235

3.01-3.5 2 100 115

3.51-4.0 1 15 23

4.01-4.5

4. 51-5.0

5.01-5.5 1 35 35

5.51-6.0 1 10 10

TOTAL 28 1,300 1,863



censused during visits to colonies on the ground and 250 Aleutian terns

were counted at the 6 colonies observed Ofli during the aerial survey

on 20 June. Adjusting numbers of terns in 17 colonies that were located

late in the nesting season (after 11 June 1978) yielded 2,428 breeding

adults (Table 1). Because of the difficulty of access to large portions

of the delta and the extreme difficulty of identifying Aleutian tern

colonies during aerial surveys, I considered this estimate conservative.

1979 Colony Activity

In June of 1979, Aleutian terns were present in all 12 colonies

visited (numbers 9, 10, 14-22, 24, Table 1) in the yak River area on

the western edge of the survey area. Seven (numbers 1, 3, 12, 13, 25,

26, 28, Table 1) of the remaining 15 colony sites visited in the cen-

tral portion of the survey area were inactive during June of 1979.

Because visits were made to these colonies prior to the fledging of

young, the presence or absence of adult Aleutian terns should be a rea-

sonable indicator of the breeding activity at these colonies. However,

the absence of birds in June did not preclude the possibility that some

colonies were abandoned prior to visitation in 1979.

General Characteristics of Vegetation at Colony Sites

Aleutian tern colonies occurred in two distinctive areas: the Eyak

River area on the western edge of the study area, and the central and

eastern portion of the study area. Based on criteria derived from

Potyondy et al. (1975) and Crow (1968) these two areas represented

different stages of successional development. In the Eyak River area,
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a region of poorly defined ponds and little development of natural

levees, colony sites had characteristics of very early successional

development including high soil moisture, low plant species diversity,

predominance of plants tolerant of flooding and high soil moisture and

low occurrence of shrubs. In the central and eastern portion of the

study area, a region of well-developed pond basins and well-developed

natural levees, colony sites possessed characteristics of later stages

of successional development: moderate soil moisture, relatively high

plant species diversity, occurrence of plants intolerant to flooding

and presence of moderate amounts of shrubs,

Succession throughout the delta is developing toward a Tsuga climax

which is the same dominant climax as that of the upland (Crow 1968).

However, vegetation in the Lyak River area is in an early successional

stage because it was elevated above the influence of tides only after

the 1964 earthquake. Before 1964, the central and eastern portions of

the study area were affected by tidal flooding less completely and less

frequently than the Eyak River area and, therefore, had contained vege-

tation characteristic of drier sites and later successional development

for a longer period of time.

Classification of Vegetation Zones

Vegetation communities of the 10 intensively studied colonies were

classified within 10 general vegetation zones (Table 3). Carex

lyngbyaei was the most widespread and abundant plant species

encountered in all colonies and, as such, occupied a prominent position

in almost all of the vegetation zones. Based on one of two simple
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Table 3. The average moisture index, density index and range of average
percent cover by colony for dominant cover types of intensively
studied colonies 1.40.

Average
Moisture Density Dominant Percent

regetat ion Zone N Index N Index Cover Cover

Sedge 248 3.7 227 3.9 graminoids 70-89

silverweed 0-17

Iris/Sedge/Forb 387 3.2 395 3,5 graminoids 30-73

iris 9-19

silverweed 2-17

moss 3-38

Myrica/Iris 143 3.1 137 3.8 graminoids 23-44

iris 10-16

sweetgale 20-33

moss 5-46

Sedge/Juncus/Grass 62 3 62 2.4 graminoids 33

rush 7

moss 10

bare ground 33

Bare Ground 8 3 8 .5 bare ground 80

moss 10

Sedge/Cicuta 53 4.7 53 4.3 graminoids 77

water hemlock 4

Sedge/Lathyrus 31 3.5 31 4.8 graminoids 63-85

pea 5-23
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Table 3. (Continued)

Average
Moisture Density Dominant Percent

Vegetation Zone N Indec N Ind&x Cover Cover

Willow/Moss 37 3.5 35 2.6 graminoids 34

willow S

moss 49

Sedge/Moss 38 3.1 38 2.4 graminoids 33

moss 51

Sedge/Prostrate 9 3.2 9 2.2 graminoids 42
Willow

prostrate 36

willow



criteria, vegetation was classified into easily recognizable vegetation

zones each of which, in most cases, had unique structural characteris-

tics and represented a different level of successional development.

The first criterion was the presence of a plant species limited in

distribution such as water hemlock (Cicuta spp.), pea (Lathyrus

palustris), iris (Iris setosa), sweetgale (Myrica gale), or willow

(Salix barclayi) in greater than trace amounts. Most of these species

of plants apparently were distributed along a gradient of decreasing

soil moisture which was reflected by the moisture index of their

respective vegetation zones (Table 3): Sedge/Cicuta, 4.7; Sedge!

Lathyrus, 3.5; Iris/Sedge/Forb, 3.2; Myrica/Iris, 3.1, and indicated

increasing levels of successional development. The second criteria

was a high percent coverage of a common species such as moss or pros-

trate willow (Salix arctica). Neither of these two species appeared

to fit readily into any successional scheme. Wet areas where Carex

lyngbyaei occurred as a monospecific stand were classified within the

Sedge Zone.

The highest moisture indices, the greatest percent coverages of

moisture tolerant sedge, and the densest vegetation were found in the

Sedge, Sedge/Cicuta, and Sedge/Lathyrus zones (Table 3). These 3

vegetation zones, characteristic of early seral stages, composed the

entire area of intensively studied colonies in the Eyak River area,

and were characteristic of most colonies located in the western portion

of the survey area.

The greater diversity of vegetation zones found within colonies of

the central and eastern portions of the survey area reflected



differences in drainage and soil moisture resulting from variations of

local relief, and represented successional stages ranging from marsh to

early upland. The sequence of Sedge, Iris/Sedge/Forb and Myrica/Iris

zones occurred along gradients of decreasing soil moisture, increasing

plant diversity, and increasing amou!lts o woody vegetation. 1ith the

exception of Colony 6 (discussed below), the Iris/Sedge/Forb Zone

either singularly or in combination with the Myrica/Iris Zcne was

characteristic of advanced successional development, and comprised

major portions of all Aleutian tern colonies visited in the central

and eastern portions of the study area. The Sedge/Juncus/Grass Zone

was an exception in this region and was observed in only one colony

(Colony 6). This zone occurred as a pioneering finger of vegetation

extending out onto the tidal mudflat below the pre-.earthquake erosion

cutbank.

Selection of Vegetation Zones as Nest Sites

Aleutian terns displayed no selectivity for vegetation zones

within colonies as locations for nests. In all 10 intensively studied

colonies nests were distributed among vegetation zones in proportion

to the area of the zones (P<O.05).

Nest Site Selection Within Vegetation Zones

In general, vegetative structure at nest sites was not different

than vegetative structure at systematically sampled sites within

vegetation zones. In 92 of 104 comparisons, percent cover was not

significantly different at nest sites than at systematically sampled
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sites within vegetation zones (P<0.05). However, strong selection

was present within vegetation zones possessing extreme structural or

moisture characteristics.

Aleutian terns tended to select nest sites that provided cover

within sparsely vegetated zones, while avoiding heavy cover in moder-

ately vegetated zones. Sweetgale, indicative of advanced succession

and the densest of all plant species encountered, was avoided as nest

sites. Sweetgale had significantly (P<0.05) greater percent coverage

(28.2%, n=145) in the Myrica/Iris Zone than at nest sites in the same

zone (0.5%, n=29).

Within some low density vegetation zones, however, the shift in

preference for nest sites was toward dense cover. In the Juncus/

Sedge/Grass Zone, bare ground accounted for 33 percent (n=64) of the

entire vegetation zone and was significantly greater (t=6.32, d.f.=90)

in coverage than at nest sites (0.7%, n=28), and rush (Juncus arcticus)

was significantly more abundant (t=2.65, d.f.=90) at nest sites

(14.6%, n=28) than generally in the zone (7.0%, n=64). The density

index of 3.4 at nest sites was significantly higher (t=4.93, d.f.=88)

than the density index of 2.4 in the Juncus/Sedge/Grass Zone. A

similar trend was noted within the Iris/Sedge/Forb Zone in one colony

in which overall vegetation density was low (2.6, n=25). Grarninoids

had significantly greater (t=l.99, d.f.=30) coverage at nest sites

(42.9%, n=7) than at systematically sampled sites (30.4%, n=25), and

percent coverage of moss was significantly less (t=2.87, d.f.=30) at

nest sites (17.1%, n=7) than in the vegetation zone (38.4%, n=25).



In the wettest vegetation zones, such as Sedge and Sedge/Cicuta,

average moisture indices were significantly lower at nest sites (P<0.05)

than in the vegetation zone (5 of 8 comparisons). This difference

occurred because terns selected sedge hummocks and other raised areas

as nest sites in these wet zones. Sedge tended to be tall but sparse

in these wet zones and the selection of sedge hummocks as nest sites

resulted in significantly greater coverage of sedge at nest sites than

in the systematic vegetation sites of the zone.

Nest Density

Density of nests in the 10 colonies averaged 84.3/ha (0.0084/rn2),

and ranged from 36.9 to 151.5 nests/ha (Table 4). This density was

considerably lower than the nesting density of some other species of

terns: royal terns (Thalasseus maxima), 7.5 nests/rn2; sandwich terns

(T. sandvicensis), 2.1 nests/z2; roseate terns (Sterna dougallii), 0.4

nests/rn2; common terns (S. hirundo), 0.06-0.13 nests/rn2; and arctic

terns (S. paradisaea), 0.02 nests/rn2 (Langham 1974, Buckley and Buckley

1977). As a broad generalization, physically large colonies had more

nests, lower densities, and longer average nearest neighbor distances

than colonies small in area (Table 4). No obvious relationship was

apparent between the density of nests and the percent coverage of life

form classes (moss, forbs, iris and rush, grarninoids, and shrubs) of the

vegetation of colonies.

Colony 6 which had the greatest density of all colonies was an

exception, but not without unique characteristics. The residual cover

of rush and grass that was available at the time of nest initiation in
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Table 4. The density and average nearest neighbor distance of
Aleutian tern nests in intensively studied colonies 1-10.

Colony
Location Colony Number Density Average Nearest
Number Area (m2) of Nests (Nests/ha) Neighbor Distance (m)

1 7318 27 36.9 9.09

2 7363 32 43.5 8.50

3 4525 24 52.9 7.13

4 1672 19 113.6 4,70

5 2213 17 76.9 3.22

6 1855 28 151.5 4.12

7 1587 17 107.5 5.02

8 1912 20 104.2 4,07

9 1801 14 77.5 5.77

10 2460 20 81.3 6.20
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Colony 6 may have created a visual barrier that permitted high nest

density. Also, the restricting barrier of a 2 meter high tidal cut-

bank on one side, and unvegetated tidal mudflat on the other 3 sides

prohibited expansion of colony area despite possible increases in

population numbers. Restricting boundaries and fringes of unsuitable

nesting habitat such as ponds, sloughs and dense shrubs may be an

important force in restraining the areal growth of a colony.

Dispersion of Nests

The dispersion of nests within colonies and within vegetation

zones was largely random. In only 1 of the 10 colonies was dispersion

of nests significantly different from random (P<0.05). In the one

exception (Colony 5), nests had an aggregate dispersion. Within

vegetation zones, nest dispersiondeparted significantly (P<0.05)

from random in 4 of 20 cases; in 2 cases nest dispersion was aggregated

and in 2 cases nest disoersion was uniform.

Nest Success

Nest success was uniformly high (80.5%) in 6 of 7 colonies (Table

5). The one exception was Colony 7 in which only 56% of the nests

hatched. This colony was located 5.4 km from the mudflat border in an

area with a high incidence of shrubby vegetation. The inland location,

shrubby vegetation and low nest success suggested that the colony was

in an unfavorable location. One other colony (Colony 11, not intensively

studied) in a shrubby, inland location, also was small (3 nests) and had

low nest success (1 egg possibly hatched).
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Table 5. The hatching success, average number of chicks hatched per
nest and the nuriber of dead chicks found at nest bowls per
100 nests for intensively studied Aleutian tern colonies 1-7.

Colony Hatched Dead Chicks
Location Total Fate of Nests (%) Chicks per 100
Number Nests Destroyed Abandoned Hatched Unknown per Nest Nests

1 28 10.7 3.6 85.7 0 1.39 21.4

2 32 12.5 0 75.0 12.5 1.16 28.1

3 25 4.0 12.0 84.0 0 1.28 24.0

4 20 10.0 10.0 70.0 10.0 1.05 15.0

5 15 0 6.7 86.7 6.7 1.27 26.7

6 29 10.3 6.9 82.8 0 1.28 20.7

7 16 18.8 18.8 56.3 6.2 0.88 12.5

TOTAL 165 9.7 7.3 78.2 4.8 1.21 21.8
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Disturbances caused by the investigators apparently did not in-

crease the number of dead chicks that were found at nest bowls.

Colonies 9 and 10 which were visited after the initiation of laying

and again after hatching was completed had 42 and 35 dead chicks per

100 nests, respectively, and colonies L-7 which were visited frequently

had an average of 21 dead chicks per 100 nests (Table 5).
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DISCUSSION

Many more birds (2428) and colonies (34) were located than antici-

pated at the initiation of this study. Past observations of Aleutian

terns suggested a population of perhaps a few hundred nesting Aleutian

terns on the Copper River Delta. I was unable to determine definitely

if the Aleutian tern population had increased dramatically recently or

if past observations grossly underestimated their numbers. Arctic terns

were common on the Copper River Delta and differed in appearance from

Aleutian terns in only subtle ways, Access to and travel about the

delta were difficult, and Aleutian terns were present on the delta for

only a short period of time (late April to late, July) during the spring

and summer. Thus, earlier observers may not have frequented colony lo-

cations, may have easily overlooked Aleutian terns or misidentified

them as arctic terns. I think it most likely that Aleutian terns

nested on the Copper River Delta at least in the recent past but that

their numbers increased substantially in the past 5-la years.

In respect to the large area comprising the west side of the

Copper River Delta, Aleutian terns showed considerable selectivity in

choosing locations for colony sites. Colony locations were restricted

to a narrow vegetated strip paralleling the tidal mudflat with 82% of

the colonies within 3 km of the mudflat. Although the size of colonies

or number of birds was not significantly correlated tc the distance of

colonies from the tidal mudflat withIn this strip, increased amounts of

dense shrubs appeared to be an important factor in inhibiting the

selection of more inland locations. ithin colony sites Aleutian terns

showed no selection for vegetation zones and only moderate selection in



choosing a nest site within vegetation zones. Selection at the nest

site level became apparent only In extreme conditions such as a pre-

ference for higher density cover in a very low density vegetation, pre-

ference for low density cover in a high density vegetation, avoidance

of bare ground, or the avoidance of late successional species (sweet-

gale). However, I felt that Aleutian terns were selective in their

habitat preferences, but that the selection was at the level of colony

location rather than at the level of nest site location.

I think that colonies in the Eyak River area were only recently

established while those in the central and eastern portion of the delta

may have been present prior to the 1964 earthquake. According to

reports from local residents, the Eyak River area was regularly

flooded by spring tides prior to 1964. Such regular flooding would

have prevented nesting by Aleutian terns. Following the uplift result-

ing from the 1964 earthquake not even the highest storm tides flooded

the uplands of the Eyak River area. However, the area was quite flat

and poorly drained, and consequently was subject to shallow ficoding

from the heavy precipitation characteristic of the Copper River Delta.

Terns avoided this shallow flooding by placement of nests on hummocks

of sedge. These hummocks were composed of accumulated sedge and other

organic matter and probably were not of sufficient size and abundance

for nesting terns until at least several years after the 1964 earthquake.

Thus, colonies in the Eyak River area were a maximum of 14 years old

and probably from 5-10 years old.

Colonies in the central and eastern portion of the study area were

in sites that were probably suitable for nesting terns prior to the
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1964 earthquake. Based on pre-i964 conditions, Potyondy et al. (1975)

divided the central portion of the delta into 3 zones according to

frequency of tidal flooding: not flooded (inland portion of dense

shrubs and trees), less frequently flooded, and frequently flooded

(Figure 5). The less frequently flooded areas comprised less than 40%

of the portion of the delta flooded with any frequency by tides prior

to 1964 but contained 11 of the 12 colonies present in 1978 in that

part of the delta mapped by Potyondy et al. (1975). After 1964 none

of this part of the delta was flooded even by the severest storm tides.

Thus, colonies in the central and eastern portion of my study area

appeared to be distributed in relation to conditions existing prior to

the 1964 earthquake and I surmised that most were probably present

prior to 1964. Flooding of nests was also considered an important

factor in the selection of nest sites by geese (Branta canadensis

occidentalis) on the Copper River Delta prior to 1964 (Hanson 1961,

Shepherd 1965, 1966, Trainer 1959).

The most noticeable gross vegetative change resulting from the

uplift of the 1964 earthquake was the invasion and/or expansion of

shrbby vegetation onto the outer portions of the delta. Aleutian

terns avoided nesting in close proximity to shrubs, and the increasing

prevalence of shrubs in the central and eastern portion of my study

area may have caused desertion of some of these long established colony

sites. The two colonies within areas of the highest shrub cover, and

also in the most inland locations, were very small (16 and 3 nests)

and those nests had high rates of failure (38 and 67 percent, respec

tively). Previous investigators predicted that manmalian predation of
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Figure 5. Map showthg the pre-earthquake areas of the Copper River
Delta and the frequency with which they were covered by
tidal, flooding with the locations of current Aleutian tern
colonies superimposed (adapted fror Potyondv et al. 1975).
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goose nests would increase as abundance of shrubs increased on the

Copper River Delta (Shepherd 1965, 1966, Trainer 1967). The high

proportion of inactive colonies in 1979 (7 of 15) that had been active

in 1978 was further evidence that the central and eastern portion of

the study area may be becoming increasingly unfavorable for nesting

terns.

The high concentration of birds and colonies in the Eyak River

area and the degradation and desertion of colonies in the central and

eastern portion of the study area indicated that a shift in the dis-

tribution of Aleutian tern colonies had occurred. The characteristics

of the vegetation in the yak River area in 1978 were probably similar

to characteristics that were present in the central and eastern region

prior to the 1964 earthquake.

The apparent lack of selectivity of nest sites may be due to the

selection of colony sites with an abundance of suitable nest sites and

to the strong colony site tenacity characteristic of teris. Some spe-

cies of terns remain faithful to nest and colony sites despite degra-

dation of the habitat (Austin 1949). On the Copper River Delta the

changes in vegetative communities initiated by the 1964 earthquake may

have resulted in some colonies and nest sites being located in places

much different in 1978 than when nests and colonies were originally

selected. However, the random placement of nests within colonies

suggested that neither the environment nor the social structure of the

terns strongly influenced selection of nest sites within colonies.
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Although some species of terns display strong tenacity to colony

sites, abandonment of colonies does occur when disturbance and/or

degradation of the habitat become excessive (Hawksley 1957). In such

cases, the entire group of birds moves and selects a new colony site

as a group (Austin 1951, McNicholl 1975). This trait facilitates

establishment of new colonies by providing a socially intact cadre of

experienced breeders of sufficient number to form a viable colony.

Such a trait, if possessed by Aleutian terns, would be advantageous

on the Copper River Delta because of the unpredictable variability of

the environment produced by tectonic uplift, subsidence and the

attendant successional changes.
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Apper.dix The area Cm2) of egetation zones within intensively st'died ccloies 1-10.
The area of eac1 vegetation zone is given over the nercent (%) it
represents within the total coicny area.

Veget4tior. Zone Area
Colony 1 Colony 2 COlony 3 Colony 4 Coony 5

Vegetati on Zone m2 / % n2 / n2 / % m / m ,/

sedge 3267 2007 300 345 1562
44.6 27.3 6.6 20.6 71.3

Iris/Sedge/Forb 3407 2597 2239 1327 621
46.6 39.4 51.7 79.4 28.3

'vrica/Ir±s 2459 1686
33.4 41.7

Sedge/os 644
8.8

Total rea 7318 7363 4525 1672 2213

Colony 6 Colony 7 Co2ony 3 Colony 9 Colony 13
eetationZone m2/

sedge 653 1750
41.2 71.1

ris/Sedge/Forb 934 655

58.9 34.3

:yrica/Iris 119
6.2

Wil1ow/1oss 929
43.6

Sedge/Lathyrus 397 710
22.0 28.?

Sedge/Cicuta 1404
78.0

Sedge/Pros. Willow 209
10.9

Sedge/Juncus/Grass 1647
88.8

3are Ground 208
11.2

Total Area 1853 1537 1912 1801 2460
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Apendix II. The distribution of ?1eutian tarn nests by vegetatior. zone for
intensively studied colonies 1-10. The r.unber of nests per zone
in eacb colony is given over the percent this nusber rereser.ts
of total nestS within the c1ony.

Nest Distribution b' VetatiOn Zone
Colony 1 Colony 2 Colony 3 Colony 4 Colony 5

yecetticn Zone nests/ nests/% nests/' r.ests/% nests/%

Sedge 11 11 1 3 13
40.7 34.4 4.2 15.8 76.3

:ris/sedge/Forb 16 7 3 16 4
53.3 21.9 33.3 64.2 22.5

14 15

43.3 52.5

Total 27 32 24 19 17

Colony 6 Colony 7 Colony S Colony 9 Colony 10
7ecettjor. Zone nests/ nests/' nests/ nests/% nests/s

Sedge 4 20
23.5 120.0

Iris/Sedge/Forn 13 7

76.5 35.0

Wjflow/oss 11

55.0

Sedge/Lathyrus 2

14.3

Sedge/Cicuta 12

85.7

Sedge/Pros. Willow 2

10.0

Sedge/Jur.cus/Grass 29
100.0

Total 29 17 20 14 20



Aoer.dix III. Density index values S roo systexnatic.11Y sno1ed vegetation zones and fran
nest sites for intensjvejv studied colonies L-13 with the sanole size in
parentheses.

Densit'; Index
Colony I Colony 2 CO1r.y 3

'eoetation Zone zone/nest zone/nest zone/nest

Sedge 3.5(97) 4.1(63) 4.2(17)
3.6(11) 4.1(11) 4.3(1)

ris/Sedce/Forb 3.4(99) 3.3(105) 3.6(83)
3.4(13) 3.4(7) 3.3(8)

:-!vrica/Iris 3.7(75) 4.0(62)
3.6(14) 3.3(14)

Sedge/Moss 2.4(28)

39

Colony 4 Colony 3
zone/nest zone/nest

3.6(15) 4.0(14)
3.6(3) 3.6(12)

3.3(48) 3.3(6)
3.5(16) 3.5(4)

Colony 6 Colony 7 Colon', 8 Colony Colony 10
Veceto ticn Zone zone/nest zone/nest zone/nest zone/es t zone/nest

Sedge 4.2(21) 4.1(66)
3.8(4 4.3(19)

Iris/Sedce/For 3.9(34) 2.6(25)
3.8(12) 2.0(7)

'lyrica/Iris 2.7 (6)

Willow/Moss 2.6(35)
2.3 (10)

Sedge/Lathvrus 4.5(14) 5.0l7)
5.0(2) -

Sedge/Cicuta 4.3(53)
4.7(12)

Sedge/Juncus/rass 2.4(62)
3.4(28)

Ledge/Pros. Willow 2.2(9)

Bare 3round 0.5(8)
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Anpendix W. Moistule index values froo systeat!ca11v sampled vegetation zones and from
nest sites for intensively .tudied colonies 1-10 with the sancle size in
parentheses.

Colony 1 Colony 2 Colony 3 Colony 4 Colorw 5Vegetation Cone zone/r.est zor.e/nest zone/nest zone/nest zone/nest

Sedge 4.0(106) 3.9(63) 4.0(17) 3.6(15) 3.6(14)
3.5(11) 3.3(11) 3.0(1) 3.3(3) 3.0(13)

Iris/Sedge/Forb 3.0(137) 3.4(105) 3.2(65) 3.4(48) 3.3(6)
3.0(16) 3.1(7) 3.0(3) 3.2(16) 3.C(4

>lyrica/Iris 3.3(75) 3.1(68)
3.3(14) 3.0(14)

Sedge/Moss 3.1(38)

C1onv 6 ColonY 7 Colon's 9 Colony 0 Color.v 137eoetotior._Zone zone/nest zone/nest zOne/nest zone/nest zone/nest

Sedge 4.1(21)
4.3(66)

3.0(4)
4.3(20

Iris/Sedge/Forb 3.1(36) 3.3(25)
3.0(12) 3.1(7)

'rrica/ris 3.2(6)

4i1lw/css
3.5(37)

3.3(13)

Sedqe/athyrus
3.3(14) 3.2(17)

3.5 (2) -

Sedge/Cicuta
4.7(52)

4.1 (12)

Sedge/Juncus/Grass 3.3 (62)

3.3 (28)

Sedge/Pros. Willow 3.9(2)

Bare Ground 3.3(8)
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Appendix V. The average percent coverage of dominant species and cover
types from systematically sampled vegetation zones and
from nest sites for intensively studied colonies 1-10
with the sample size in parentheses.

Colony 1 Vegetation Zones
Sedge Iris/Sedge/Forb Sedge/Moss

cies or Cover zone/Rest zone/nest zone/nest

CR) (105) (112) (38)

(11) (16) (0)

Graminoids 78.2 48.0 33.3
75.5 51.3 -

Iris 19.2
17. 2

Siiverweed 4.4 8.7 8.8
4.5 10.0 -

Moss 5.4 15.5 51.2
A.E 8.8 -

Dead Vegetation 10. 4 4. 4 5. 4

9.1 6.3 -

Prostrate Willow - 1.0

3.2

Piantago 2.5

Shooting Star 0. 9



Appendix V. (Cont.)

Colony 2 Vegetation Zones
Sedge Iris/Sedge/Forb !4yrica/Iris

Species or Cover zone/nest zone/nest zone/nest

(n) (65) (106) (77
(11) (7) (14)

Grarrinoids 88.0 68.9 43.6
82.7 72.1 60.4

Iris 11.3 14.4

5.0 17.9

Silverweed 9.7 11.5 9.6

16.4 18.6

Moss

Sweetgale

Prostrate ti11ow

3.9 5.4
4.3 2.9

24.0

3,0
2.1 2.3

2.g
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Appendix V (Cont.)

Colony 3 Veqetation Zones
Sedge Iris/Sedge/Forb Myric/Iris

Srecies or Cover zone/nest zone/nest zone/nest

(n) (17) (38) (68)

(1) (8) (15)

Percent Percent Percent

Grarninoids 83.5 56.0 22.9
95.0 57.5 39.3

Iris 17.2 16.4
20.6 20.7

Si1ver;eed 11.5 14.7 6.7
5.0 13.3 8.3

:ioss 6.0 9.2
6.9 12.3

Sweetgaie 32.9
1.0

Prostrate Willow 2.6 5.1

2.5 7.3

Pla.ntago 3.0 3.7
- 8.3
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rppendix ;. (Ct

Colony 4 '7egettior. Zor.es Color.v S .'ectticr. 7ones
.$edg Iris/Sege/Forb Sedge ::is/Sedge/cr

Scecies or Cover ooe/zest zone/nest zone/nest zone/r.est

Cr.) l5) (51) (14) (6)
(3) (16) (13) (4)

Perrent Percent Percent Percent

Grarninoids 76.3 64.1 79.3 725
73.3 68.1 71. 72.5

Iris 10.0 9.2
8.4 2.3

Silvergeed 6.0 4.4 16.3 16.7
8.3 7.2 16.9 20.3

ces 6.7 14.3 2.1 3.3
5.3 10.9 7.3 -

2ed Vegetation 11.3 6.5
13.3 5.3

Prort:ate Willow 0.7 -

3.1 5.3
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.perdix V. (Crt.>

C1or.v 0 Vege6tion Zones Colcnv 7 ? ettion Zcnes
Sedge/Crnus/Cri ss Sare rour.d risisedce/Forb Sedge

Soecjes or Cover cone/nest zone/nest :One/nest zone/nest

n) (64) (8) 28) (1)
(28) (0) (12) (4)

?ercent Percent Percert Percent

3rartjnoids 34.2 5.5 62.3 78.3
32.7 - Or 82.5

Rush 7.3 1.3
14.5 -

Iris 13.0

Lilverweed 2.0 2.3 2.4 4.5
29.1 - 3.3 6.3

!oss 10.2 10.0 7.1 3.1
8.6 10.4

5re c.round 33.3 50.0
3.7 -

3d Vegetation 6.5 8.5 14.3
13.2 9.2 6.3

Prostrate Wi11w -

1.3

Parriassi.a -

3.0
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Aopendix V. (Cont.).

Colony S Veetation Cones
Iris/!edge/Forb Wi11o/oss Sedge/Prostrate Willow '4yrica/Iris

Scenes or Cover zone/rest zor.e/nest zone/nest zone/nest

(n) (25) (37) (9) (5)

(7) (11) (2) (0)

Percent Percent Percent Percent

Graminoids 30.4 34.1 42.2 16.7
42.9 35.9 42.3 -

ris .0 D.7 - 10.3
17.1 0.9 2.3 -

Siiveee<i 6.2 4.1 3.3
10.7 4.1 -

::css 38.4 49.2 la.3 45.8
17.1 55.5 23.0 -

Sweetgale 20.)

Prostrate Villow 14.0 7.7 35.6 5.0

13.6 4.1 35.0 -

Dead Vegetation 3.9

i1low 7.5
3. 2
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Appefldix V. (Coct.)

Ccicnv 9 ieaetatiozt Zones Clor.v 19 Veoetation Zones
Sedge/Cl cuta Sedge/:athvrus Sedge Sedge/La thyrus

Snecies or Cover zone/nest zone/nest zone/nest zone/nest

(o) (55) (16) (66) (17)
(12) (2) (20) (0)

7eroent Percent Percent Percent

Graninoids 77.2 63.4 69.9 94.7
88.3 72.5 84.8

Water Hemlock 3.5

4. 2

Pee 0.6 23.4 5.0
1.7 27.3 -

Gaijum 0.5 1.3 1.5
- - 5.3

Zead Vegetation 19.3 10.0 24.8 2.?
4.2 - 4.8 -

Silverweed
3.2

oss 2.9
4.)
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Appendix VI , Figure 1. Colony 1 vegetation mop with the locations o
Aleutian tern nest sites and marker posts.



Apendix VI , Figure 2. Colony 2 vegetation map.
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Appendix Vi , Figure 3. Colony 3 vegetation map.
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Appendix VI. , Figure 4. Colony 4 vegetation rnp.
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ADpendix VI , Figure 5. Colony 5 vegetation map.
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ADpendix VI , Figure 6. Co1on' 6 vegetation np.
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Appe:dix VI , Figure 7. Colony 7 vegetation rna.
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tendix /i 1 Figure 8. CoiOfl 8 vegettiOr map.
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Appendix VI , Figure 10. Colony 10 vegetation map.
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?.pendix VII . Areas A- showing the specific locations of colonies
1-34 Co the west side of the Copper River Delta.
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Appendix VII , Figure 1. Area A showing the locations of colonies I,
12, and 13.
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Appendix VII , Ficure 3. Area C showing the locations of ColOnieS 7,
and 11.

Appendix VII , Figure 4. Area P showing the location of COlOny S.
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ADper.dix VII , Figure 5. Ar E showing the location of colony 29.
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Appendix VII , Figure 6. Area F showing the locations of colonies 4,
5, and 6.
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Anpendix VIII, Figure 7. Area G showing the locations of colonies 9,
10, 14, 16, 17, 18, 19.
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Appendix VIII, Figure 8. Area H sho'iing the locations of colonies 15,
20, 21, 22, 24.
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Appendix VII , Figure 9. Area I showing the location of ColOn'; 23.

r

\

APpendix VII , Figure 10. Area J showing the location of colon'.' 30.
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Appendix VII , Figure ii. Area K showing the location of COlOny 2.
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Appendix VII Figure 12. Area L showing the location of colony 31.



65

I &
\ (N

/

( ç
1

7/'

J\ppendix VII , Figure 13. Area 11 showing the locations of colonies 32,
33, and 34.
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Appendix V11. A list of p1art species (after u1ten 1968) by vegetation

zone in intensively studied Aleutian terr colonies 1-13.

'iegetation Zone

S
5 3

o -
S
p

S S
'.-. S P >' U,
S - 0

0
UI

0
5
s p

'p
S

-
.

p
-

.
.

_
p
5

S 'S'.

S - s p
S - \ -. p'p . "p -p 'p -. "p 'p

PlantZoecies
S
'

-
>. S S S -, P

rj

5
u

Achilles borealis x x x

Agrosts alaskana x x x

Arctophila f1va x

Calairagrostis deschaxrpsioides x x x x x

Calasaarcstis r.utkaensis x x x x x

Caitha calustris x x

Carexivngbvaei x x x x x x x x x

Chx"jsanthemum arcticurn x x x

Cicuta douclasli x x

Cicuta rnackenziearia x x

Des.?sia berthcensis x x x x x x

Dodecatheon oulchellum x x

pi1cbium . x x x x x x x

Fee tuca rubra x x x x x x x x

Galiurn trifididum x x x x

entiena . x c x

He4ysarum x x

X X
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Appendix VIII. (Continued)

1.,.tatjon Zone

.0

C-

..-' , 0
.

>. 11 -
, 4 U 0 .0 )

0' .f 0 U C M 0
0 - 0 . C
0 ".. .) - ..

0 "-. "-. '.. ) '-. .-.u o aj 00' 0' 0' 0' 0' 0'
'0 - '0 '0 - .-4 '0 '0
0 . 0 0 0 - 0 0

#-. r. n c1 Z rjPlant Soecies

Hordeuoi :ochyanther'.ioi x

!9 X X X

cus actica

:athyr's alustris c x x

Ligusticii scoticuxo X X

t.uzuj.aoultiflora

Zzirnachia thrsiflora x

'?ric x

Parnassia calustris x x x x ,c x x

?edicuiais udetjca x x

Plantao macrocara x x

Pcaemi:'.ens x x x x x

Potentjila eaedii x x x x x x x x

Poter,tjlia ustris x

?rirnula egali<seosis x x x x

!thu0 xxror x x x x x

?uiex fer.estratus x x

Saljxarctica x xc xc xc xc xc xc

Salix barclavi x

Stallaria humifusa x xc x x
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APPENDIX IX, DESCRIPTIVE ECOLOGY OF NESTING ALEUTIAN TERNS
ON THE WEST SIDE OF THE COPPER RIVER DELTA

ARRIVAL

General Observations

On 25 April 1978 the arrival of Aleutian terns to the west side

of the Copper River Delta was first noted by the brief observation of a

few scattered pairs and individuals flying overhead in the general

vicinity of a known colony. For the next 6 days (26 April-i May 1978)

singles and small groups of 2-5 Aleutians were occasionally seen or heard

near, or passing en route to colony areas.

Habitat

An unusually mild winter was followed by an extremely early spring

in 1978 on the Copper River Delta. During the first visits to the delta

in mid-April all sloughs and ponds. were ice free and no snow cover was

evident except in areas close to the Copper River.

During the week following the arrival of Aleutian terns daily

temperatures ranged from lows of 4-6°C to highs of 7-12°C. Little new

vegetative growth was apparent in known colony areas during this time.

The growth of sedge (Carex lyngbyaei), the most abundant plant species,

was most extensive in very moist areas and along the edge of ponds where

soil temperatures were 2 to 6°C higher than drier, better drained areas.

As an example, at a colony on 30 April 1978, sedge within 90 nun of

standing water at 9°C had attained a height of 7O-25O mm, while sedge

in 7°C 10-15 mm water was 60 nun high. At the same colony, sedge had
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only begun to sprout in the drier 50C soil where Iris setosa was 50-85 nun

high.

PRENESTING

General Observations

The loose attachment of Aleutian terns to colony sites appeared to

strengthen gradually. By 2 May 1978 small numbers of birds were con-

sistently present at colonies during the mid and late morning hours.

Aleutian terns in flocks of 3-5 were seen chasing one another, often

pursuing a bird carrying a small fish in its bill. From 3 May-6 May

1978 birds were beginning to spend time resting in fairly compact groups

on the ground especially near the edge of ponds bordering the colony

areas. Interactions between individuals were frequently observed as

fish were either offered or begged, or as necks were "craned" upward.

The stage of these courtship activities was demonstrated on 5 May when

several copulations were observed.

Periodically, birds would burst into flight, rising en masse above

the colony area. While any disturbance might elicit this behavior, it

occurred both spontaneously with no initiating cause apparent to the

observer, and seemingly in response to the arrival of another Aleutian

tern. The swirling flock of Aleutian terns occasionally disappeared for

as long as 5 minutes leaving the colony area completely vacant.

Despite the increased activity at the colonies in the morning,

birds were seldom seen in colonies during the afternoon or evening until

7 May 1978. At this time pairs of birds became more dispersed over the

colony area. An increased interest in nest sites was noticed as
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individuals fluttered up and down in different locations occasionally

picking at blades of sedge.

NEST INITIATION

On 10 May 1978 the first Aleutian tern nest was discovered.

Within the next 3 days, 16 1-egg nests and only 1 2-egg nest were

found, indicating that egg laying had just begun.

Searching for nests proved to be a very tedious and time consuming

undertaking. Because the discovery of a well camouflaged egg was the

only clue indicating the presence of a nest bowl, each searcher could

confidently cover a strip of ground only 2 m wide.

During the 1978 breeding season, a total of 275 nests were located

in the 19 colonies visited while incubation was still underway. Of 164

nests that were located within 9 of the .10 intensively studied colonies

prior to 1 June 1978, 139 (84.8%) contained two eggs and 25 (15.3%) con-

tained one egg. Only one 3-egg clutch was encountered during the 1978

breeding season. Nests found after 1 June 1978 were excluded from the

above data since they may already have hatched one chick. Because it

was impossible to identify a nest bowl prior to the laying of at least

one egg, and because some 1-egg clutches we-re possibly the result of a

partially predated 2-egg clutch, it is expected that the above data

represents soite bias toward a smaller clutch size.

In view of the above considerations and the high probability of

overlooking a nest, it was difficult to determine the exact initiation

date of any one nest. The most satisfactory results for estimating the

initiation of laying were attained by backdating the date of first
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hatching per nest by a calculated average incubation period. An aver-

age incubation time of 23 days was determined from 30 nests that were

originally found containing one egg, had a second egg added to them,

and successfully hatched the first egg. Incubation periods for the

first egg ranged from 20 to 25 days. An average incubation period of

22 days has been reported for the associated arctic tern (Hawksley 1957,

Coulson and Horobin 1975). Within 7 intensively studied colonies,

calculated initiation dates for 119 nests that were known to hatch at

least the first egg extended from 9 May to 27 May 1978. The 6 day peak

initiation period from 12 May to 17 May 1978 accounted for 86 nests

(72.3%) and appeared to be fairly synchronous for these 7 colonies

(Figures 1 and 2).

Some nests were found late during the incubation period within

less than 1 m of previously destroyed nests, indicating that Aleutian

terns may be capable of renesting.

Aleutian terns apparently spend little time in the actual con-

struction of a nest. A nest bowl consisted solely of a suitable de-

pression in the vegetation and seemed to lack the incorporation of any

additional materials. Individuals flushed from their nests while under

observation always faced the same direction when alighting on their

nests, giving the nest bowl an oblong shape. Measurements of 126 nest

bowls averaged 111 mm in width and 38 mm in depth.

A total of 83 eggs were measured and averaged 43.5 inn long (SD=l.65),

29.6 mm wide (SD=0.67), with a weight of 19.6 g (SD=1.25). First eggs

within 20 2-egg nests (length 43.9 mm, SD1.53; width 29.9 nun, SDO.56;

weight 20.1 g, SD=1.2) averaged slightly larger and heavier than second
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Figure 2. The number and date oZ hatching of the first Aleutian tern
chick per nest ir. intensively studies colonies 1-7.
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eggs (length 43.2 mm, SD=1J32, width 29.6 mm, SD=O.55; weight 19.6 g,

SD=l.09), although the difference was not significant (P<O.05).

Habitat

With the exception of scattered clumps of the shrub Myrica gale in

a few colonies and Juncus arcticus in a colony bordering the tidal

mudflat, no residual cover from the previous year's growing season was

present at the time of nest initiation. By springtime, the previous

years growth of Carex lyngbyaei, an abundant plant attaining heights

of over 700 mm along pond edges, was flattened completely by winter

winds and snow. Dead Carex comprised 72.2 percent of the area for

samples taken at 94 nest sites from 10 May to 22 May 1978. Live Carex

and moss were the most important plants composing the remaining area,

but also iris (Iris setosa), prostate willow (Salix arctica), shooting

star (Dodecatheon puichellum), silverweed (Potentilla egedli), and

Plantago macrocarpa were found in smaller amounts at this time. During

the period from 10 May through 15 May 1978 live sedge had reached an

average height of 76 mm and iris an average of 97 mm. By 22 May, live

sedge averaged 117 mm and iris 147 mm for 45 and 24 nest site samples

respectively.

HATCHING

Although hatching was first observed on 1 June 1978 and continued

until 28 June 1978, the hatching of the first laid egg per nest (#1

chick) reached a peak level from 4 June to 9 June 1978 (Figures 1 and 2).

On the average, the first egg per clutch hatched two days after pipping
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commenced and one day after the egg had been pipped. All traces of the

egg shell were removed from the nest bowl by the parents as soon as the

chick freed itself from the egg. On a few occasions, nests were ob-

served with a chick still struggling to extricate itself from the egg

and portions of the shell had already been carried away by the adult.

The egg tooth had disappeared usually by the 2nd or 3rd day after

hatching.

During the post-hatch period 164 chicks were banded, providing

some insight into the survival and growth of individuals. Hatching of

2-egg clutches occurred asynchronously with the 2nd chick emerging an

average of 2.16 days after the hatching of the 1st chick in 51 nests

(range 0-4 days). Although the interval between the hatching of 1st

and 2nd chicks varies among different species of terns, asynchronous

hatching was commonly reported (Langham 1972, Nisbet and Drury 1972,

Nisbet and Cohen 1975). Chicks rapidly disappeared into the surrounding

vegetation and were seldom found in the vicinity of the nest bowl after

a few days. The number of #1 chicks found in the area surrounding 54

nest bowls declined rapidly on successive days with 47 (87.0%) still

present the 1st day after hatching, 23 (42.6%) the 2nd day, 6 (11.1%)

the 3rd day and none the 4th day. While the weights of #1 chicks

averaged 14.9 g (n=74), 17.9 g (n=54), and 23.2 g (n=27) the first 3

days outside of the egg, #2 chicks averaged 14.1 g (n=38), 14.7 g

(n=35) and 15.9 g (n=26), respectively. On 8 June 1978 the first dead

#2 chicks were found ma few nest howls preceded by daily losses in

weight. Because it was suspected that frequent visits to colonies 1-7

may have been partially responsible for #2 chick mortalities, visits to
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these colonies were suspended. Subsecuent visits to control colonies 9

and 10 where observer disturbance had been minimal, however, revealed

that the survival of chicks during the first few days following hatch-

ing was significantly lower in these colonies (Table 1). The reduced

survival of 2nd hatched chicks was reported for common terns (Sterna

hirundo), arctic terns, roseate terns (Sterna dougalifi), and sandwich

terns (Thalasseus sandvicensis) (Hawksley 1957, Langhain 1972).

Habitat

Vegetation samples taken at nest sites from 4 June through 10 June

1978 indicated that considerable plant growth had taken place since

nest initiation. At 110 nest site samples, the percent cover attributed

to dead vegetation accounted for only 36.1 percent of the sample com-

pared to 72.2 percent at nest initiation. An increase in the amount

of live sedge was largely responsible for this change since nest

initiation. The average height of live sedge had now attained 156 mm

(n=81) and Iris setosa, 207 mm compared with the respective values of

76 mm and 97 mm at nest initiation.

FLEDGING AND DEPARTURE

After the completion of hatching, numerous attempts were made to

locate Aleutian tern chicks in colony areas by systematic searches and

with the aid of a dog. The weights and primary feather lengths, mea-

sured from the proximal end of the base to the tip of the longest

feather, were recorded for any recovered chicks.
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Table 1. The hatching success, average number of chicks hatched per
nest and the number of dead chI:ks found at nest bowls per
100 nests for intensively studied Aleutian tern colonies 1-7.

Colony Hatched Dead Chicks
Location Total Fate of Nests () Chicks per 100
Number Nests Destroyed Abandoned Hatched Unknown per Nest Nests

1 28 10.7 3.6 85.7 0 1.39 21.4

2 32 12.5 0 75.0 12.5 1.16 28.1

3 25 4.0 12.0 84.0 0 1.28 24.0

4 20 10.0 10.0 70.0 10.0 1.05 15.0

5 15 0 6.7 86.7 6.7 1.27 26.7

6 29 10.3 6.9 82.8 0 1.28 20.7

7 16 18.8 13.8 36.3 6.2 0.88 12.5

TOTAL 165 9.7 7,3 78.2 4.8 1.21 21.8
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Within a week following the period of peak hatching, counts of

adult Aleutian terns present in colony areas declined significantly.

Adults vacated the colony as soon as chicks were fed the food item

they were carrying. Adults were very sensitive to the disturbance of

observer presence in the colony at this time, and were reluctant to

feed their young under such a condition. Observation of feeding acti-

vities, therefore, had little success in pinpointing chicks, because an

adult with a fish might circle over the colony for long periods of time.

Even with the aid of a dog, meticulous searches of the colony area only

occasionally located chicks. The increased density of the vegetation

and secretive behavior of highly camouflaged chicks prohibited any

meaningful estimation of rate of fledging. Data collected from recap-

tured known-aged banded Aleutian tern chicks is presented in Table 2.

Considerable variation in weights seemed to be attributable to differ-

ences in the growth rates of individuals but just as importantly to the

amount of time elapsed since the last feeding. A 14 g Aleutian tern

chick was encountered in the process of swallowing a 4.5 g fish. On

another occasion, a 78 g chick regurgitated over 10 grams of food.

Although no fledging Aleutian terns were captured, primary feather

lengths of 120 mm and 125 mm were measured on chicks that had almost

gained flight during the time that fledging Aleutian terns were first

observed in colony areas. The first fledgling was flushed on 27 June

1978, while peak numbers of flying immatures were counted on 8 July 1978.

If these observations are related to peak levels of hatching, Aleutian

terns were capable of fledging within 25 days plus or minus a few days.

Arctic terns have been reported to fledge fron 24 to 30 days after

hatching (Hawksley 1957).
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Table 2. The average weights and lengths of the longest primary
feather of known age Aleutian tern chicks from hatching
(day 1) to day 26 in intenive1y studied colonies 1-7.

Day N Weight (g) Primary Length (mm)

1 74 14.9 --

2 54 17.9 --

3 27 23.2 --

4 7 24.6 --

6 1 38.0 --

8 1 46.5 20.0

10 1 62,0 --

11 1 77.0 30.0

14 1 74.0 45.0

17 3 86.0 68.3

19 3 l0.0 90.0

20 1 106.0 85.0

23 1 117.0 120.0

24 1 81.0 105.0

26 3 91.3 100.7



A flush count of immature Aleutian terns was not a reliable basis

on which to determine fledging success, Individuals might take flight

at a distance of anywhere from 2 meters to 100 meters from the investi-

gator thus giving inconsistent estimates for consecutive counts within

the same area. I also suspected that young Aleutian terns left the

colony area within a few days after gaining flight since proficient

fliers never seemed to accumulate within a colony.

With the fledging of young, activity around colony areas diminished

even further. Although adults attempting to feed a chick occasionally

were joined and harassed by a diving, swirling group of 3-10 birds, the

colony area gradually became only a sporadic focal point for terns.

Toward the end of July, with the exception of infrequent passing indi-

viduals or small groups of adult Aleutian terns, most colonies were

vacant.

USE OF PONDS

The association of Aleutian terns with ponds on the west side of

the Copper River Delta was indisputable; however, the role that ponds

played during the nesting season remained unclear. During the early

stages of the prelaying period, Aleutian terns seemed to show a prefer-

ence for congregating along the edge of ponds within the colony areas.

At this time, Aleutian terns were frequently seen bathing in ponds at

colony sites singly and in groups as large as 10. After "fish-carrying"

adult Aleutian terns had fed their young, they were occasionally seen

bathing in colony ponds. This may have been important in cleaning from

their feathers the salt or glacial silt that had accumulated during

plunges at offshore feeding areas.
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Despite the many hours of observation, Aleutian terns were seen

only rarely to plunge after fish in ponds. The constant fishing in

these areas by Arctic terns (Sterna paradisaea) indicated the presence

of a food supply. Three-spined sticklebacks (Gasterosteus aculeatus)

were also trapped in abundance in many of the ponds. On a few occa-

sions after the fledging of young, adult and immature Aleutian terns

were seen "hawking' for insects close to the surface of colony ponds.

PREDATION

Levels of predation of eggs seemed low considering the number and

diversity of predators that frequented colony areas. Although no actual

occurrences of predation were observed, the presence of predators in

colonies, the disappearance of eggs from nest bowls, and the location

of fragments of shells provided coincidental evidence, Conclusive signs

were not apparent in order to identify the particular predators that

were responsible. It was also impossible to determine the degree of

predation that took place after a nest had already been abandoned,

Except for the dead chicks that were found in the vicinity of nest

bowls (Table 1), the fate of chicks remained unknown. However, the

lack of success in finding young chicks, and the reduced number of adults

observed at colony areas after the completion of hatching seemed to

indicate a high level of predation on chicks,

Members of the entire colony would immediately rise up, attack and

attempt to drive out any intruding avian predators, Despite this united

and concerted effort of diving at the predator, parasitic jaegers

(Stercorarius), short-eared owls (Asio flammeus) and glaucous-winged
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gulls (Larus glaucescens) often continued searching in colony areas.

Mew gulls (Larus canus) and arctic terns (Sterna paradisaea), more

aggressive species nesting within and adjacent to Aleutian tern

colonies, frequently joined the Aleutian terns in mobbingu a predator.

Although suspected of preying on tern eggs, mew gulls were tolerated

to a certain extent and permitted to nest within some of the Aleutian

tern colonies. An unusually high number of 4 mew gull nests was found

in and bordering Colony 7. While other species of tern have been known

to become habituated to avian predators nesting near or within their

colonies (McNicholl 1973), the consequences of such an association

could be either beneficial or detrimental. A benefit of protection has

been attributed to nesting in association with a more aggressive species

(Cullen 1960, Langham 1974). In contrast, increasing numbers of gulls

have both brought increased predation of tern chicks (Hatch 1970), and

the displacement of terns from colonies by disturbing normal nesting

behavior (Crowell and Crowell 1946).

On 8 May 1978, a raven (Corvus corax) was observed stealing an egg

from a goose nest within Colony 7. Ravens were occasionally seen early

and again later during the breeding season in the vicinity of most of

the intensively studied colonies. Daily feeding movements of glaucous-

winged gulls nesting on the offshore barrier islands crossed several

Aleutian tern colonies. Immature giaucous.winged gulls were observed

making persistent but unsuccessful dives at a tern nest. The following

day the nest was found empty.

Shorteared owls, only infrequently sighted during the summer of

1977, were present in abundance during the 1978 field season. This was
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apparently in response to a population eruption of voles (Microtus

oeconomus) on the delta in 1978. While no voles were seen during

1977, walks along better drained areas would often send voles scurry-

ing in all directions in 1978. Portions of levees were completely

denuded of vegetation in some areas as a result of grazing by voles,

The high vole population may have been important in reducing predation

of tern eggs and chicks by acting as a buffer species. Owl pellets,

coyote (Canus latrans) and brown bear (Ursus arctos) scats were found

heavily laced with vole remains in and near colony areas.

On 28 June 1978 a mink (Mustela visort) den was located 0.4 km from

Colonies 2 and 3. Piled in the entrance way were 3 fledging arctic

terns, 1 fledging mew gull and 2 voles, all freshly killed. On 17 June

1979 another mink den containing 18 voles, 2 fledging goslings and 1

fledging mew gull (all intact) was located 0.2 km from abandoned

Colony 28. Brown bears were observed in 4 colony areas and fresh sign

was seen in 4 other colonies. While doubtful that the bears were

specifically attracted to the colonies, it seems likely that incidental

predation of tern eggs and young occurred during searches for other

food sources.

HUMAN DISTURBANCE

Tne reaction of Aleutian terns to human intrusion was quite differ-

ent from the defensive behavior elicited by the entrance of an avian

predator into the colony area. At the approach of a human, the birds

would be flushed into the air, rising higher and higher, circling and

dispersing until they were mere specks above the colony. For this
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reason, it was impossible to selectively disturb one nest or one

segment of the colony at a time.

The extent of human disturbance, however, was difficult to assess.

Predators did not seem to take advantage of the periods when Aleutian

terns were away from their nests during human disturbance, nor did they

appear to use nest markers to key on nests. The overall low occurrence

of predation of nests seemed to substantiate this observation. Some

primary concerns of disturbance were related to the possibility of in-

creased stress on nesting adults, the dispersal of young from nesting

or feeding sites and an increase in abandonment of eggs or young. Most

of these could not be assessed.

FORAGING AND PREY SPECIES

Unfortunately, few opportunities were available to observe Aleutian

terns feeding. Birds were frequently seen flying towards the ocean and

returning to colony areas carrying food items. Observations and re-

ports from local fishermen confirmed the presence of foraging Aleutian

terns along the edges of offshore channels and within the shallows of

barrier islands 0.4 km to 9.7 km from the vegetated edge of the delta.

Only rarely were Aleutian terns seen fishing in the freshwater

ponds of the delta. During the prelaying period, an Aleutian tern was

observed catching a small fish in a pond adjacent to a colony. After

the fledging of young, groups of birds, both immatures and adults,

were occasionally seen catching small insects near the surface of a few

colony ponds.
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The identification of food items protruding or regurgitated from

the mouths of chicks or dropped in the vicinity of nest bowls or feed-

ing areas provided the most specific information on food preference.

Threespined sticklebacks, Gasterosteus aculeatus, were the most abundant

prey species found scattered near nest bowls and feeding areas. At

Colonies 9 and 10 in the Eyak River area, large numbers of sticklebacks,

20 in one group, littering the ground seemed to question the ability or

desire of young Aleutian terns to accept this spiny prey. The three-

spined sticklebacks collected at nest bowls were much larger, averaging

79 mm (n=30) than the largest sticklebacks trapped in the freshwater

ponds of the west side of the Copper River Delta. The average size of

the largest sticklebacks encountered in these ponds (including only

fish 40 mm or longer) was 49 mm (n=50). The smaller sticklebacks from

the ponds also lacked the keel and scutes extending to the tail that

were characteristic of the fish at nest bowls, The sticklebacks util-

ized by the Aleutian terns were therefore suspected of being from an

anadromous population returning to the area to spawn. Salmon smolts

(Oncorhvnchus nerka and Oricorhynchus gorbuscha) ranging in size from

70 to 85 irun, stichaeids, sandlance (Aimnodytes hexapterus) and shrimp

found in colony areas verify the importance of offshore feeding areas.

In addition, Aleutian terns may feed opportunistically on a wide variety

of prey items including dragon flies, Aeshnidae, which were regurgitated

by young.




