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Abstract: Three colony sites of Forster's terns were studied at 
Lake Poygan, Winnebago County, Wisconsin, during 1990 and 1991. 
Two of the colonies existed on artificial platforms designed to 
provide much needed nesting substrate. Reproductive success on 
natural and artificial substrate was compared. In 1990, 25% of 
52 platform clutches hatched but produced no fledged chicks, 
while none of 88 natural nest clutches hatched. In 1991, 70% of 
43 platform clutches hatched, but only 1 chick may have survived 
to fledge. At least 82% of 65 natural nest clutches hatched, and 
61 chicks survived to fledge. Nest loss was caused by wave 
action, egg predation, and abandonment. Chick mortality was 
caused by sibling rivalry and parent neglect, attacks by adul~ 
terns, and aquatic predators. Human disturbance, including 
research activity, did not appear important. Reproductive 
success on platforms was much lower than originally anticipated. 
Future success of the colonies will depend on achieving the 
summer water level goal of the Winnebago Comprehensive Management 
Plan in mid-May, and maintaining a stable water level throughout 
the breeding season. Modifications recommended for the platform 
program include improving chick access to platforms with plastic 
mesh ramps, and fencing platform colonies to exclude predatory 
fish and large turtles. 
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INTRODUCTION 

The Forster's tern (Sterna forsteri) is a marsh nesting tern 

which breeds throughout North America, but is common only in 

scattered local areas. McNicholl (1971) first described its 

breeding ecology in detail. Bergman et al. (1970) compared the 

nesting habits of Forster's and black terns (Chlidonias niger). 

Foraging behavior has been described by Reed (1985), Reed and Ha 

{1983), Trick (1982) and Salt and Willard {1971). Hall (1988) 

described chick development and behavior. several surveys have 

documented the status of Forster's terns.in the Midwest {Cuthbert 

and Louis 1986, Harris and Trick 1979, Kenaga 1957). 

Historically, Forster's terns have nested on several large 

lakes and wetland complexes in Wisconsin including: Lake 

Koshkonong, Pewaukee Lake, Green Bay, Lake Puckaway, Lake Poygan, 

Lake Winneconne, Lake Butte des Marts, Big Muskego Lake, Rush 

Lake, Horicon Marsh, and Grand River Marsh. Currently, 

substantial populations breed only in the Green Bay area and on 

Lake Poygan due to loss of emergent vegetation and human activity 

in the other lakes (Mossman 1988). Even at Lake Poygan, emergent 

vegetation stands are not large enough to protect floating tern 

nests from severe wave action. 

The Forster's tern was placed on Wisconsin's endangered 

species list in 1979 (Wisconsin Department of Natural Resources 

1979). Population decline was caused by loss of quality breeding 

habitat along the west shore of Green Bay, where 75% of the 

state's population nested (Harris and Trick 1979). Toxic 
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chemicals also have been shown to hamper reproduction at Green 

Bay area colonies (Harris et al. 1985, Hoffman· et al. 1987). 

Floating platforms (Fig. 1) which protect nest~ from wave 

action, have been used successfully to create nesting substrate 

(Linde and Techlow 1982, Techlow 1986). Terns that nest on these 

platforms appear to have better reproductive success than those 

nesting on natural substrate in Wisconsin, but data are limited 

(Mossman 1988). This management technique insures some breeding 

habitat is available until the problem of providing suitable 

natural habitat is resolved (Techlow 1986). 

In Wisconsin's Forster's Tern Recovery Plan (Mossman 1988) 

the research and management needed to reestablish a stable tern 

population in the state was outlined. The goal of my study was 

to address one aspect of research specified in the recovery plan; 

that was to determine the limiting.factors on reproductive 

success·at platform and natural nesting colonies. 

STUDY AREA r 

Lake Poygan is located in eastern Washara and central 

Winnebago counties, Wisconsin. It has a surface area of 5,707 ha 

. and an average depth of 2 m~ · It is one of 4 lakes making up the 

·"Winnebago Pool" which was created in the 1850's by damming the 

outlet of the Fox River from Lake Winnebago. Lakes Poygan, 

Winneconne, and Butte des Morts were converted from river marshes 

to open water lakes by the impounding effects of the dams. 

Remnant stands of emergent vegetation remain in the shallowest 

areas. 
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;--------------------------~--- ---~ 

When the terns arrive at Lake Poygan in late April, the 

emergent vegetation consists of erect residual cane (Phragmites 

communis) stems interspersed with rafts of floating cane stems. 

Waves easily reach the interior of the small cane beds, and much 

of the floating material is washed out, especially if water 

levels are high. 

A stand of emergent vegetation approximately 1 km long by 10 

m wide on a shallow sandbar in the east end of Lake Poygan was 

studied (Fig. 2). Cane and hardstem bulrush (Scirpus acutus) 

were the dominant emergents, with arrowhead (Sagittaria sp.) and 

sedge (Carex ssp.) occurring in the shallowest water.· In 1991, 

smartweed (Polygonum sp.) and other moist soil plants occurred on 

an exposed mudflat within the stand. Pond lily (Nuphar sp.), 

water lily (Nymphaea sp.) and pickerelweed (Pontederia cordata) 

partially bordered the stand. One small stand of narrow-leafed 

cattail (Typha angustifolia) -occurred within the cane. Three -

sites were used by the terns and referred to as sites E, w, and 

WW (Fig. 2). They were separated from the nearest land by 

approximately 1.3 km of open water. At site E, 27 platforms were 

placed in a 111 sq. m circular opening in the cane (Fig. 3). 

Water depth averaged 0.75 m. Site W (Fig. 4) occurred on the 

shallowest portion of the sandbar where detritus and wind-rowed 

stems of cane accumulated. Site WW (Fig. 5) occurred on 93-

platforms in 1990 and 72 in 1991, placed in irregular shaped 

openings at the west end of the emergent stand. Water depth 

averaged approximately 1 m. 
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METHODS 

At site E and a portion of site W, Tensar Bird Barrier; a 

plastic product used commercially to exclude birds from feedlots 

and barns, was used to surround potential tern nest sites. The 

material was cut to create a 60 cm fence. In colony Ethe 

barrier was supported by 1.5 m "U" posts spaced approximately 3 m 

apart, and the barrier was positioned so that 30 cm was above and 

30 cm was below the water. This was done to prevent chicks from 

leaving the colony until they fledged, but did not exclude 

predators from entering the colony area. Several clumps of 

living cane were included in the enclosure to provide escape 

cover. The area enclosed was approximately 110 sq m. If the 

barrier developed a sag, it was tightened by adding another "U" 

post at the sag. The Tensar product proved to be very durable 

and easier to work with than chicken wire, which had been used 

for nest monitoring attempts before this study. Occasionally, 

muskrats (Ondontra zibethicus) chewed a hole in the barrier, but 

holes were patched easily. In colony W, the barrier was 

supported by the same type of post, but the bottom of the fence 

was embedded in the mud. The barrier enclosed a 45 sq m portion 

of the cane mat. 

The 27 platforms in colony E were numbered for 

identification. Natural nests within the enclosures at colony E 

and W were marked with a numbered tag made of laminated 

construction paper attached to a 15 cm spike. A nest history 

card was kept for each numbered nest.· A nest attempt was counted 
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if an egg was laid in a nest bowl and attended for at least 1 

day. 

Reproductive success was measured as the mean number of 

chicks fledging per nest attempt. Fledging success was measured 

by the number of chicks escaping the enclosures as recommended by 

Erwin and Custer (1982) because recapture probabilities were too 

low to use a capture-recapture model. 

Colonies E and w were visited approximately 4 times per week 

during 22 May - 19 July in 1990 and 16 May - 23 August in 1991. 

In 1991, frequency of visits was reduced to 1 day per week after 

most eggs had hatched. Data collected for each marked nest 

included: nest substrate, nest position in the colony, 

approximate incubation initiation date, cause of nest failure 

(when determined), approximate hatch dates, cause of chick death 

(when determined), and parent-chick behavior at the nest. Upon 

arrival at a colony, I quickly checked each nest and then set up 

a portable blind at the edge of the colony and observed the terns 

for 1 to 4 hours. The unmarked portion of colony Wand colony WW 

were used as controls to detect any biases caused by frequent 

visits,·marking nests, or the presence of barriers. They were 

checked every 7 to 10 days and general observations on the status 

of the nests were recorded. 

Data collected at each colony included: general habitat 

descriptions; distance to shoreline; disturbances caused by 

humans, predators, and other animals; water level fluctuations; 

intraspecific strife; and hatching and fledging rates. 



Unhanded chicks within 1 week of fledging were captured and 

banded every Wednesday during 3 July - 14 August, 1991 in the 

enclosed areas only. Each chick was banded with a U.S. Fish and 

Wildlife Service (USFWS) aluminum band on the left leg and a 

plastic green band on the right leg in cooperation with a long 

term banding scheme for the Forster's tern by the Wisconsin 

Department of Natural Resources (WDNR). Age of chicks was 

determined by measuring primary length as described by Trick 

(1982). A chick was counted as fledged if it was banded and not 

recovered dead in the enclosure. 

A student-t test was used to determine the significance of 

early nesting Forster's tern pairs choosing the interior 

platforms of site E first. Standard deviations were calculated 

for monthly water level fluctuations to compare water level 

fluctuation of 1990 and 1991. 

RESULTS 

Nest Substrate 

The substrate used by nesting Forster's terns at Lake Poygan 

included artificial platforms, cane rafts (large masses of 

floating cane stems), cane mats (large masses of cane·stems 

washed up on an exposed sand bar), cane or bulrush stems piled 

into individual floating nests, detritus mud flats, abandoned 

muskrat houses, floating cattail roots, and miscellaneous 

floating debris. 

In 1990 at colony E, 52 nest attempts were made on 27 

platforms, and 2. on a styrofoam block (approximately 0.5 m x 0.25 
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m x 1 m) which floated into the colony. Eighty-eight nest 

attempts occurred on natural substrate; including 1 on a muskrat 

house, 2 on floating bulrush stems, 8 on small cane rafts, and 77 

on cane rafts created by a late May storm. Although 88 nests 

occurred on natural substrate, 49 of these nests were on cane 

rafts which built up against the fence surrounding the platforms, 

so only 39 nest attempts occurred under natural conditions. No 

nesting occurred at the colony W site in 1990 due to high water. 

In 1991, 43 nest attempts were made on 27 platforms and 2 

attempts on floating cattail roots at colony E. Sixty-nine nest 

attempts were made on natural substrate within the enclosed area 

at colony w. Eight occurred on a muskrat house, 4 on small cane 

rafts, and 57 on a cane mat. Outside the enclosure a minimum of 

144 ne~ts occurred on cane mats and mudflats totaling at least 

213 nests at colony w. 
·In the control-platform colony WW, 81 of 89 platforms in 

1990, and 72 of 74 platforms in 1991, had at least 1 nest attempt 

on them. Those platforms not used by terns were either made 

unsuitable by muskrat activity or broke loose and floated away 

from the colony. No natural nesting was documented in this 

colony. 

Nest Initiation on Platforms 

In 1990, the earliest calculated nest attempt on a platform 

was 15 May. At least 1 egg had been laid ·on 23 of the 2~ 

platforms by 22 May. Due to substantial egg predation presumably 

by migrating ruddy turnstones (Arenaria interpres), 14 initial 
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nest attempts failed within the first week. Eggs were laid on 12 

platforms between 27 and 29 May, 8 were presumably renests. Six 

of these nests also were lost to predation. Due to continued 

platform nest failures, nest initiations continued through 14 

June. One nesting attempt occurred on 11 platforms, 2 attempts 

were made on 9 platforms, 3 attempts· were made on 5 platforms, 

and 4 attempts were made on 2 platforms. 

In 1991, the earliest nest attempt on a platform was 

approximately 18 May, and eggs had been laid on all 27 platforms 

by 28 May. Twenty-five of the 27 original nests hatched, however 

all but 1 chick died before fledging, and nests were started on 

platforms after the chicks were gone. Thirteen nests were 

initiated between 17 June and 3 July, and the last initiation was 

15 July. 

At colony E, the median first nest initiation on the .12 

innermost platforms was 20-21 May. On the 15 outermost 

platforms, the median initiation date of first nests was 23 May. 

This difference was not significant. 

Nest Initiation on Natural Substrate 

Nesting on natural substrates in 1990 began between 24 and 

27 May. Thirty-one nests were initiated on a cane raft which 

developed adjacent to platform colony E during this period. 

Another 15 were initiated by 30 May, including 1 nest on a 

muskrat house. All 46 nests were destroyed by wave action on 2 

or 3 June. Forty attempts were made on the repositioned cane 

rafts and 2 on a hardstem bulrush raft between 4 and 20 June. 
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In 1991, natural nesting began 16 May on cane mats at colony 

w. Fifty-six nests were initiated in the enclosure by 30 May. 

Nine were started between 4 and 22 June. Of the minimum 144 

nests outside of the enclosure, 57 were initiated by 28 May, 46 

more by 4 June, and the final 41 by 13 June. There may have been 

more nesting attempts, but not having the nests marked outside of 

the enclosure and the density of the vegetation by mid-June made 

better estimations impossible. 

Nest success on Platforms 

Of 52 nest attempts on 27 platforms in 1990, 13 attempts (25%) 

hatched at least 1 egg. Eleven of these were first nests on a 

platform. One was a second attempt and one was a fourth attempt. 

The first egg hatched late 6 June or early 7 June. Of 29 chicks 

hatched, none survived to fledge. 

In 1991, of 43 nest attempts on 27 platforms, 30 attempts 

(70%) hatched at least 1 egg. Of 76 chicks hatched, only 1 chick 

may have survived to fledge. The chick was banded on 3 July and 

not observed again. On 5 platforms, after the first clutch 

hatched but failed, a second clutch was laid and hatched, but 

failed also. 

Nest success at platform colony WW was poor in both 1990 and 

1991. Hatching success appeared to be similar to the success of 

colony E, but as in colony E, fledging success was poor. Of at 

least 81 nest attempts in 1990, only 2 or 3 fledged chicks were 

observed, and of at least 72 attempts in 1991, only 2 chicks 

possibly fledged. 
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Nest success on Natural Substrate 

All natural nests were destroyed before hatching in 1990 by 

wave action. In 1991, of 65 natural nests in the enclosure at 

colony W, at least 53 (82%) hatched, producing at least 125 

chicks. The fate of 6 late nests, in which eggs would have 

hatched after visits to the colony had ended, is unknown, but 

several must have hatched, since a few chicks did not fledge 

until after 14 August. This would make both the percentage 

hatched and the number of chicks produced slightly higher. 

Sixty-seven chicks were banded in 1991 at colony W (Fig. 6). 

Six banded chicks were recovered dead in the enclosure during 

visits after they were banded. Therefore 61 chicks apparently 

fledged from 65 nests (0.94 chicks per nest). One fledged chick 

was recovered dead outside the enclosure 3 weeks after it was 

banded. Nest success outside the enclosure appeared to be lower 

than 0.94 chicks per pair, but .estimates are questionable due to 

the difficulty of monitoring the large number of unmarked nests. 

Nest Loss and Tern Mortality 

Thirty-nine of 52 nests on platforms at colony E did not 

hatch in 1990. Twelve were abandoned with no damage to eggs, 4 

were abandoned due to apparent dump nesting, and 22 were 

abandoned with 1 or more eggs punctured, presumably by ruddy 

turnstones. It cannot be determined whether nests were abandoned 

before or after egg damage occurred in some cases because damage 

occurred before observations began. One nest was abandoned after 

the eggs were cracked apparently by rocking against each other 
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during strong wave action. Of the 29 chicks which hatched from 

13 nests, 2 were killed by adult terns, 2 were taken underwater 

by an aquatic predator, presumably northern pike (Esox lucius) or 

common snapping turtle (Chelydra serpentina), and 1 was found 

dead ih the nest. The fates of the remaining 24 were unknown 

except that they did not fledge. 

Eggs from 13 of 43 nest attempts on platforms at colony E 

did not hatch in 1991. Two nests were initiated on a platform 

which had broken loose from its anchor rope and floated randomly 

around the colony. They were both abandoned shortly after 

initiation. Eggs were laid on 4 platforms that already had 

completed clutches or broods being cared for, and the nests were 

subsequently abandoned. The eggs of 1 nest were missing with no 

sign of cause. The remaining 6 unhatched clutches represented 

late nest attempts between 13 June and 17 July which were 

abandoned. Of the 76 chicks which hatched from 30 nest attempts 

at colony E in 1991, several were observed being killed by adult 

terns and aquatic predators; and 2 were found dead in or near 

their nest. The fate of most chicks was unknown except that they 

did not fledge. 

None of the eggs from 88 natural nests and 2 nests on the 

styrofoam block in colony E hatched in 1990. All but 2 nests 

were destroyed by wave action during 4 separate storm events in 

June. Two nests were destroyed by carp (Cyprinus carpio). 

Four nests inside the enclosure at colony W were abandoned 

in 1991. Three nests were destroyed when the muskrat house on 

11 
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which they were built collapsed. One free-floating nest was 

destroyed by wave action, and the fate of 6. nests was unknown. 

Two nests on floating cattail roots near colony E were abandoned 

after wave action damaged them. At the end of the breeding 

season, a maximum of 60 chicks survived from the minimum 125 that 

hatched inside the enclosure. No sign of predation was observed 

in this colony, but many dead chicks were found among the nests. 

Outside the enclosure in colony W, approximately 20 nests 

were lost to wave action. No other sign of nest loss or chick 

death was observed other than abandonment and neglect or sibling 

rivalry. 

In colony WW, a chick was attacked by an aquatic predator, 

presumably a northern pike, when it had been released after being 

banded in 1990. I recovered the chick floating approximat·ely 5 m 

from where it disappeared, dead and severely lacerated. No other 

signs of nest or chick loss we.re observed in colony WW, other 

·than the fact that many small chicks were observed but few 

fledged. 

In 1990, 2 adult terns died in colony E. When observations 

began on 22 May, a dead tern wa$ lying_next to a nest on a 

platform. There was no clue to the cause of death. Watching the 

nest revealed that the dead tern was not a member of the pair and 

it was eventually buried by nest material. On 11 June I found an 

injured adult tern and euthanized it by cervical dislocation. 

Both legs were broken, the tail_feathers were missing, and 

viscera were protruding from a laceration in the abdomen. 
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colony Disturbance 

Forster's terns flushed often during observation, many 

times with no apparent stimulus. This frequent flushing is 

referred to as "panics" (Cullen 1956) or "upflights" (Palmer 

1941). 

Human disturbance was frequent. My entering and leaving the 

colonies was the most common disturbance. Disturbance by other 

humans was always associated with fishing. This type of 

disturbance only resulted in panic flights and appeared to have 

no negative impact. 

Disturbance by other animals in the colonies was. frequent 

and varied in intensity and impact. Other bird species used the 

cane beds and several came into conflict with the terns. On 14 

June 1990, a female yellow-headed blackbird (Xanthocephalus 

xanthocephalus) approached an abandoned tern egg. She was 

threatened by a tern attending a·nearby nest. The blackbird did 

not retreat and broke open the egg •. It picked up the egg and the 

contents fell into the water. The tern then chased the blackbird 

away, but it returned and pecked at the water where the egg yolk 

had.been •. This is the first documentation of a yellow-headed 

blackbird preying on a Forster's tern egg. Yellow-headed 

blackbirds have many opportunities to prey on active Forster's 

tern nests when the nests are unguarded, but apparently do not. 

Many times I watched blackbirds forage in unguarded active nest 

bowls without harming the eggs. 
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Ring-billed gulls (Larus delawarensis) and herring gulls (k 

argentatus) are common throughout the Winnebago Pool. 

Occasionally terns returning to the colonies from feeding trips 

dove at gulls flying near the colonies and the gulls always 

retreated. Only once during June 1991 did I observe a group of 

terns mob a gull. Typically, gulls were ignored. 

American coots (Fulica americana) and common moorhens 

(Gallinula chloropus) nested in the cane beds and occasionally 

came into conflict with Forster's terns. Courtship activity near 

the tern colony sometimes startled the terns into a panic flight. 

Both gallinule species were driven away if ·they foraged too close 

to the tern nests. 

Dunlins (Calidris alpina) and ruddy turnstones foraged among 

the cane mats and rafts for invertebrates during spring migration 

in late May and early June. As mentioned earlier, turnstones 

were observed preying on Forster's tern eggs but dunlins showed 

no interest in eggs. Both species were treated with mild 

agitation when they approached within striking distance of an 

incubating tern. 

Great blue herons (Ardea herodias) were observed twice near 

the tern colonies, but each time the heron was mobbed intensively 

and escorted by the terns up to 100 m away. Black-crowned night 

herons (Nictocorax nictocorax) occasionally were observed passing 

high over the colony but never attempting to approach the colony; 

and they were ignored by the terns. 
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Disturbance by fish and snapping turtles occurred in 2 

forms. The thrashing activity of spawning carp both startled 

colonies into panic flights and occasionally damaged floating 

nests. Chick predation by northern pike and possibly other 

species of fish and snapping turtles, was apparently a common 

disturbance. I observed 5 attacks during the relatively short 

observation periods. 

Water Level Fluctuation 

Water level of the Winnebago Pool prior to and during the 

breeding season was the most important determinant of nest 

success (Fig 7 and 8). The average depth reading at the Oshkosh 

gauge during May, June, and July were almost identical in 1990 

and 1991 (Table 1), but the fluctuation was much greater in 1990. 

During May of 1990, the gauge read from 2.61 feet (0.79 m) (the 

lowest level of the study) to 3.35 feet (1.02 m) (the second 

highest level of the study), a change of 0.74 feet (0.23 m) (SD= 

0.25). During May 1991 the level ranged from 2.89 feet (0.88 

m)to 3.24 feet (0.99 m), a change of 0.35 feet (0.11 m) (SD= 

0.09). In June 1990 the mean level was 3.14 (0.96 m), 

fluctuating 0.39 feet (0.12 m), while in 1991 the mean level was 

3.05 (0.93 m), fluctuating 0.22 feet; (0.07 m). July levels were 

stable during both years, with a mean of 3.00 (0.91 m) and 

fluctuation of 0.13 (0.04 m)in 1990, and a mean of 3.00 (0.91 m) 

and fluctuation of 0.15 (0.05 m) in 1991. 
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DISCUSSION 

Nest Substrate 

Preference for a specific nesting material or even a 

specific site appears to be overridden by sociality of the terns 

and the availability of a substrate which· has space for the 

colony. (McNicholl 1971) • The fragility and dynamic 

characteristics of the emergent vegetation stands they seek out· 

demands that the species be less site tenacious than terrestrial 

nesting terns (McNicholl 1971, 1975a, Erwin et al. 1981). As a 

result, Forster's terns readily accepted artificial platforms as 

nesting substrate. -Natural substrate at Lake Poygan usually does 

not becom~ suitable until after the Winnebago Pool recedes from 

high water levels caused by spring runoff. Because the platforms 
I 

are available before natural substrate, they are colonized first. 

In general, older and experienced birds are the first to claim 

nest sites in colonial waterbird species (Ryder 1980). If this 

is true for Forster's terns, then it is likely that the best 

breeders are using platforms. 

Nest Initiations 

Forster's terns did not nest before mid-May. Platforms were 

put out on Lake Poygan during the first week of May and terns 

began loafing on them immediately, but the earliest record of an 

egg being laid was 15 May. After mid-May, nests were initiated 

on natural substrate immediately as it became available. 

Virtually no available substrate was left uncolonized. In the 

circular colony E, there was a slight but insignificant 
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preference for nesting in the interior of the colony. It would 

seem appropriate that the dominant terns chose nest sites which 

were most protected from wave action. At colony Win 1991, nest 

sites were chosen randomly on the slender oval cane mat itself, 

except that the first few nests were made on the muskrat house. 

After the cane mat was colonized, surrounding mudflats were 

colonized as space became available. Many eggs were laid but 

never attended throughout the natural colonies. These were not 

counted as nests. 

Under normal circumstances, early nest losses should not 

affect reproduction, since the terns have great potential for 

renesting, as was shown in 1990 on the cane rafts in colony E. 

New nests were initiated on platforms even after a brood of 

chicks was lost, but without marked adult ~irds it was impossible 

to determine if the same pair renested. Least terns have 

renested after losing a brood of chicks (Massey and Fancher 

1989). 

When a natural colony was able to form at thew site, it 

appeared that the Darling Effect (Darling 1938) occurred as nest 

synchrony was greater than on platforms. The large size of the 

colony and synchronized hatching led to the most productive 

breeding attempts of the study. 

Nest success 

Until this study was conducted, it was believed that nest 

success was better on platforms than on natural substrate, but 

the loss of chicks from platform nests doqumented here, suggests 
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otherwise. Previously, reproductive data were collected from 

platform and natural colonies in Wisconsin during visits to the 

colonies once or twice during the breeding season, to count nests 

and or chicks (Mossman 1988). If a platform colony was visited 

only once shortly after the peak of hatching, it would give the 

impression of high success rates. Success was also measured by 

enclosing individual nests with chicken wire to limit chick 

movement so they could be observed until they fledged (Harris et 

al. 1985, Techlow 1986). The enclosures protected chicks from 

the main mortality factors documented in this study. 

In 1990, dump nesting caused the abandonment of 4 platform 

nests. This occurred in conjunction with the loss of many 

natural nests in colony E after storms. The loss of nests that 

still had eggs being added and the reduction of nesting space 

left many females with no place to lay eggs already fully formed 

in their body. They apparently laid some of them in existing 

nests when able to gain access. In several instances both in 

1990 and 1991, eggs were laid on platforms that already had 

chicks present, and the platforms were subsequently abandoned 

causing the loss of both chicks and eggs. The total use of 

nesting space, and the presence of many unattended eggs laid 

between nests on natural substrate suggested that there were more 

potential breeders than the habitat could support. If the 

"surplus" pairs lay eggs randomly on platforms, they may reduce 

the effectiveness of platforms by causing abandonment of dump 

nests. 
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Natural nests in the Lake Poygan cane beds are very 

susceptible to destruction before the eggs hatch, but if the eggs 

hatch, the possibility of chicks surviving is much greater than 

on platforms, even if nests are destroyed shortly after hatching. 

Although tern chicks are semi-precocial, they do not depend on 

the immediate nest site after a few days (Hall 1988). In 1991 at 

colony w, 0.94 young fledged per nest from natural nests in the 

enclosure. Dicostanzo (1980) stated that at least 1 chick per 

pair per year is needed to maintain a common tern population. If 

this is _also true for Forster's terns, no platform colonies 

produced enough fledglings to maintain populations during the 

study, but the studied portion of the natural colony almost did 

in 1991. 

Nest Loss and Tern Mortality 

Abandonment was a significant factor of pre-hatching losses

for platforms, but not for natural nests. ·other than the nests 

which were abandoned due to dump nesting, 3 platform nests were 

abandoned after they broke loose from their anchor ropes and 

changed location in the colony, 2 natural nests on floating 

cattail rootstock were abandoned after waves damaged the nest, 

and the rest were abandoned for unknown reasons. 

Observed causes of egg damage were by ruddy turnstones, a 

yellow-headed blackbird, and a Forster's_tern, with turnstones 

being the major factor. In 1991, there was very little egg 

predation, perhaps because there was ample invertebrate foraging 

habitat for turnstones at the colony w site, whereas there was 
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none in 1990 due to the.high water level. In 1991, turnstones 

were only seen in colony Wand broke open less than a dozen 

unattended eggs. In 1990, turnstones were only se·en in colony E 

and extensive damage to eggs occurred. One platform nest of eggs 

was lost when the eggs rocked against each other during a storm. 

This was also documented by McNicholl (1979). 

The great loss of chicks in the platform colonies was 

unexpected. Typically the disappearance of a chick was 

documented simply by the fact that it was present at the nest 

when an observation was completed and absent during the next 

observation period and thereafter. The natural reaction of 

chicks to disturbance was to leave the nest site and sit or float 

motionless in nearby vegetation. In platform colonies, chicks 

jumped off the platforms and swam to the nearest cover where they 

floated motionless until the disturbance subsided, after which 

they returned to their nest from 10 minutes to an hour later. 

They did not always return to the platform from which they came, 

and tried to enter the wrong platform. Most adult larids 

recognize their own chicks (Evans 1980) and aggressively attack 

strange chicks near their nest. Adult terns swooped and pecked 

at the head of strange chicks, sometimes picking a chick up by 

its head with t_heir bill and dropping it. If a chick went to the 

wrong platform. too many times before it found its own, it died 

from the severe blows it received. Several chicks died in their 

own nest with open wounds on the head received before they found 

the proper nest. To complicate the problem, small chicks cannot 
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get back on the platforms because the walls are too high, so wire 

mesh -ramps have been attached to facilitate access by young 

chicks (Fig 1). Often these ramps get bent up and out of the 

water by vegetation when the platform is rocking in the waves. A 

chick may return to the proper platform but not find its way on 

because a ramp is out of reach, and subsequently go to another 

platform. Only 1 downy chick was found dead floating in the 

water during the study, so it is assumed the dead chicks sank or 

were scavenged by fish or turtles. 

At least 5 chicks were observed being pulled underwater by 

predators during the study. After a chick disappeared from the 

water surface, many terns (sometimes the entire colony) hovered 

and dived over the spot the chick was last seen, looking down 

into the water and giving alarm calls. This behavior was noticed 

during at·least half of the observation periods after eggs began 

to hatch. It always appeared associated with the presence of a 

threat underwater. Whether the terns could distinguish between 

predators and carp is unknown. Chicks did not leave their nests 

or seek cover when adults engaged in this behavior. Recognizing 

that the threat was in the water by the adult's behavior was an 

obvious beneficial reaction. The Lake Poygan cane beds were 

renowned for northern pike fishing and the platforms were placed 

in 0.5 to 1 m of water in good pike habitat. The number of times 

a chick was observed taken by an aquatic predator in the 

relatively small amount of time observers were in the colony, and 

the lack of evidence of avian or mammalian predation strongly 
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suggests that fish and turtle predation occurred often at the 

platform colonies. The 2 chicks which reached fledging age at 

colony WW in 1991 were the only 2 from a group of 9 platforms 

that were surrounded by bird barrier which extended to the lake 

bottom to exclude large fish. No chicks near fledging age were 

found outside the fish exclosure. 

It must be considered that my frequent coming and going at 

colony E which often caused chicks to leave their platforms, 

increased their exposure to attacks by adult terns and predators. 

However, colony WW experienced the same poor fledging success as 

colony E and was visited only every 7 to 10 days. The fact that 

the only 2 chicks found in colony WW near fledging age were 

inside the fish exclosure, further substantiated this theory. 

Loss of chicks to tern attacks and aquatic predation seemed 

almost nonexistent at colony W. This is not surprising for 2 

reasons. Thick vegetation, especially arrowhead, growing among 

the nests allowed the chicks to find cover very near the nest so 

they had less trouble returning to their own nest. The 

vegetation also helped chicks escape attacks from adults. Hall 

(1988) found that Forster's tern chicks hatched on a terrestrial 

site behaved like other tern species and after 4 days no longer 

were using the original nest site. Colony W, a mudflat and cane 

mat, allowed for chick mobility and the chicks did not have to 

return to the nest site to reunite with parents after a 

disturbance. Because these chicks spend almost all of their time 

out of the water until they fledge, they are not as exposed to 
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aquatic predators. 

Several dozen chick carcasses were found lying among the 

nests of colony W. It is assumed that sibling rivalry and 

parental neglect was the main cause of chick death in the natural 

colony, as this is common among larids (Langham 1972). Two 

chicks were found dead with swollen lesions on the base of their 

mandibles, indicating a pox infection, but none of the chicks had 

lesions severe enough to have caused death, so it is assumed they 

died of neglect (pers. comm., s. Hurley Shapiro, WDNR wildlife 

disease specialist). Some chicks had minor scraps on the base of 

their culmens from trying to push through the fence when banding 

was taking place, but these lesions looked different than those 

of the chicks assumed to have pox. Chicks with scraped culmens 

observed during later weekly visits appeared healthy. · 

Mortality of adult terns was low during the study, which is 

consistent with most larid studies (Botkin and Miller 1974). 

Only 2 dead adults were found in the colonies during the study 

and a third was euthanized when found with injuries presumably 

received from a northern pike or snapping turtle. The high 

survival rate of terns once they reach adulthood is necessary to 

maintain their population, given their typically poor 

reproductive success. 

Colony Disturbance 

Many larid species are sensitive to disturbance. Colony 

abandonment due to disturbance by humans, predators, and other 

factors has been documented (Parnell et al. 1988). 
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A panic or upflight consisted of a simultaneous flush by the 

entire colony, a short flight (usually a single circle around the 

colony made in unison), and return to the nests. The flights 

lasted from 10 to 30 seconds and were often initiated by alarm 

calls of yellow-headed blackbirds which nested in living cane 

stems throughout the colonies. The symbiotic relationship 

between Forster's terns and yellow-headed blackbirds was 

described by McNicholl (1981). 

When I entered the colonies, the terns flushed and hovered 

over the colony, but they usually settled within minutes of my 

entering or leaving the blind. While marking and checking nests 

or chick banding, I was in the colonies for up to 20 minutes. 

The terns hovered over the colony while I was present and settled 

on their nests within minutes of my departure. 

The cane beds were a popular fishing area for northern pike 

and walleye (Stizostedion vitreum), and boats were around the 

exterior of the beds almost daily. Disturbance was usually 

caused by a motor starting or other loud noise like an object 

being dropped on the bottom of the boat. 

I never witnessed people attempting to enter the colonies or 

harass the terns. Rarely a boat was mobbed by a few terns and 

the boaters always backed off. In 1991, 2 walleye tournaments 

were held on the Winnebago Pool and anglers found oqt that the 

cane beds held good concentrations of walleyes. Anglers pushed 

their boats into the cane beds after these fish. The potential 

damage to the fragile cane beds concerned many local people, and 

24 



the WDNR held a public hearing on the matter. Although I was not 

present during the tournaments, I saw no sign of damage to the 

emergent vegetation stand containing the tern colonies. I did 

observe a fishing party push into the cane bed about 50 m from 

colony WW after a tournament weekend, but they did not go near 

the colony or cause a disturbance. 

Yellow-headed blackbirds nested near the Forster's terns; a 

relationship considered symbiotic. Blackbirds foraged for 

invertebrates among the nesting terns and occasionally terns 

threatened a blackbird, but often the blackbirds were tolerated 

up to striking distance from an incubating tern. Rarely, a tern 

took flight and chased a blackbird. One benefit to Forster's 

terns in having yellow-headed blackbirds in the area is that they 

exclude red-winged blackbirds which are known egg predators 

(Pessino 1968). 

Ring-billed and herring gulls are seen daily near the 

colonies and cruise· the cane beds apparently in search of dead 

fish. I have never seen either species make a serious attempt to 

land in a tern colony or prey on tern eggs or chicks. Often when 

I was checking a colony, gulls were attracted to the area by the 

tern's alarm calls, but they never tried to rob the unguarded 

nests. For 2 weeks in late spring 1990, several immature 

Bonaparte's gulls (Larus philadelphia) were observed in the area. 

Like the other gulls, they were attracted to the colony by the 

tern's activity when I entered the colony, but they joined the 

terns in their mobbing behavior. One Bonaparte's gull landed in 
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colony E, but was chased away by a single tern. Black terns 

(Chlidonias niger) and common terns (Sterna hirundo) occasionally 

landed in the colony but were ignored by the Forster's terns. 

Turnstones spent most of their time foraging for 

invertebrates and passed many opportunities to prey on unguarded 

eggs. It appeared that in 1990, turnstones had a significant 

impact on early nesting terns in the platform colony E. In 1991, 

when there was ample foraging habitat on the exposed mudflats and 

cane mats around colony W, turnstones were not observed in colony 

E and they only preyed on a few abandoned eggs in colony W. 

Great blue and black-crowned night herons could possibly 

have eaten tern eggs and chicks at Lake Poygan, but the intensity 

of aggression directed toward great blue herons and their hasty 

retreat when under attack made it improbable. Both heron species 

were seen infrequently near the colonies. 

Colony disturbance at Lake Poygan was frequent and_caused by 

many factors including: research activity, anglers, other birds 

in the area startling the terns, carp splashing, and potential 

predators. The only noticeable impact of disturbance to the 

colony was that chicks which left their platform were exposed to 

tern attacks and aquatic predators. 

water Level Management 

The history of the Winnebago Pool is long and complex. 

Beginning with the damming of the system in the mid-1800's, 

emergent vegetation stands were reduced to current conditions by 

high water levels. Over time, many different interest groups 
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have become dependent on the water level management strategy of 

the system. The paper industry, municipal utilities, 

recreational boaters, and others depend on a specific water 

levels in the lakes. The Army Corps of Eng~neers (COE) controls 

the dams at the outlet and must take into consideration these 

needs and others such as flood control for upriver cities. In 

the past, summer water level goals have not been conducive to 

growth of emergent vegetation, and thus the Forster's tern's 

breeding habitat has suffered. 

'In 1990, 4 heavy rains in late May and early June kept the 

water level in the lakes high enough that no nesting material 

built up in the shallows where colony W traditionally developed. 

An area which held over 200 Forster's tern nests in previous 

years, never became available. The natural nesting substrate 

which accumulated near and among the colony E platforms and held 

91 nests, never remained stable long enough to allow eggs to 

hatch. The high water allowed wave action to break nests apart. 

The COE was either unable to or did not release water fast enough 

to compensate for that which was coming into the system. 

Recently, the Winnebago Comprehensive Management Plan (WCMP) 

was completed by the WDNR (Wisconsin Department of Natural 

Resources 1989). This document provides a compromising strategy 

which will meet the needs of all interest groups yet provide the 

ability to improve fish and wildlife habitat in the Winnebago 

Pool. The basic goal of the plan is to improve both submergent 

and emergent vegetation beds by decreasing turbidity and slightly 
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lowering the summer water level goal. If this plan is carried 

out as written, it will ensure stable breeding habitat for 

Forster's terns at the present site in Lake Poygan and probably 

create quality breeding habitat in other areas of the Winnebago 

Pool. To ensure that there is breeding habitat for at least 200 

pairs of Forster's terns at Lake Poygan, the water level of the 

Pool must not exceed 3.00 at the Oshkosh gauge and remain stable 

during May and the first half of June. The lower the water level 

below 3.00 on the Oshkosh gauge, the more habitat will be 

available for Forster's terns. ·This factor alone could determine 

the future of this species on the Winnebago Pool. 

Recommendations 

The m9st important factor which determines the breeding 

success of Forster's terns at Lake Poygan is the managed wa~er 

level of the Winnebago Pool. If the water level_ is .above 3-.oo at 

the Oshkosh gauge, any natural nesting success is unlikely. This 

is especially true during the month of May, when nest substrate 

builds up on the sandbar arid nesting is initiated. Condition of 

the colony W site should be monitored for several more years and 

compared to the daily water levels of the Winnebago Pool, to 

further demonstrate the relationship and justify the importance 

of getting the Pool below 3.00 as early as possible in the 

spring. This information should be used by the WCMP t~am and COE 

when planning for the future. 

The artificial platform program should be discontinued at 

Lake Poygan as soon as possible; however, it cannot be until 
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there is certainty that spring water levels will allow natural 

nesting in most years. The platforms are necessary to maintain 

the colonies at Poygan during high water years, because at 

present there is no alternative nesting habitat in Wisconsin that 

has the reproductive potential of Lake Poygan when the Winnebago 

Pool is at or below management level. If nesting habitat appears 

to be suitable again along the west shore of Green Bay and other 

large bodies of water like Lake Puckaway and Big Muskego, and 

Forster's terns again colonize these areas, the platform program 

could be discontinued. Until then, 2 modifications to the 

platform program should be tried. Wire mesh chick ramps should 

be replaced with plastic mesh which will not break off or get 

bent out of the water. This would increase the chances of small 

chicks getting back onto their platform after they leave it 

during a disturbance. Also, a fence should be placed around 

colony E to exclude large fish and turtles, to determine the 

impact of these predators at the platform colonies. 

If in the future the other lakes .of the Winnebago Pool and 

other portions of Lake Poygan become potential natural nesting 

areas for Forster's terns as a result of the WCMP, platforms 

could be used to initially attract terns to the area. During the 

early 1980's, platforms. were put out at up to 9 sites in Lakes 

Poygan, Winneconne, and Butte des Morts. (Techlow 1986), but most 

sites did not provide much natural nesting opportunity. 

A population model is very difficult to create for Forster's 

terns because of their "boom or bust" nesting strategy, but 
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continued monitoring of water levels and the relationship to 

nesting conditions and fledging success, should provide a base of 

information to guide management decisions. 

Fledging success should continue to be monitored by the 

banding program. By visiting the colonies once a week on the 

same day and banding only those chicks that are within a week of 

fledging, fledging success can be determined from a fenced 

portion of the colony with a known number of nests. A nest count 

should be made the first week of June, and banding should begin 

the last week of June. If only a single visit can be made to the 

colonies to determine success, the third week of July should be 

tried, as this was the peak of fledging activity in 1991. Severe 

weather could alter this schedule by destroying many nests, and 

adjustments would have to be made accordingly. 

The WCMP includes a plan to create a breakwall from the 

present mouth of the Wolf River to the cane beds used by the 

terns. Before the breakwall is constructed, possible effects to 

the cane beds must be discussed and planned for. The breakwall 

could provide wave protection to the cane beds, or it could 

influence the river current to scour away the shallow sandbar 

entirely. Alternatives must be discussed by the WCMP team. 
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APPENDIX A 

FISH BROUGHT TO COLONIES FOR COURTSHIP AND CHICK FEEDING 
AND GENERAL PERCENTAGES 

species 

Shiner (Notropis spp.) 

unidentified minnows 

Northern Pike (Esox lucius) 

Black Crappie (Pomoxis nigromaculatus) 

Yellow Perch (Perea flavescens) 

Gizzard Shad (Dorosoma cepedianum) 

Bluegill (Lepomis macrochirus) 

Mud minnow (Umbra limi) 

Carp (Cyprinus carpio) 
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Fig. 1. Artificial platform without_ nest material used by Forster's 

terns on Lake Poygan, Winnebago County, Wisconsin. 
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Fig. 2. Location of Forster's tern colonies on Lake Poygan, Winnebago County, 

Wisconsin, 1990 and.1991. 
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Fig. 3. Forster's tern colony E, 1990 and 1991, Lake Poygan, Winnebago 

County, Wisconsin.· 
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-Fig. 4. Forster's tern colony W, 1991, Lake Poygan, Winnebago County, Wis. 
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Fig. 5. Forster's tern colony WW, 1990 .and 1991, Lake Poygan, Winnebago 

County, Wisconsin. 
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'Fig. 6. Number of Fors.ter's tern chicks banded at colony W in 1991 during each 

weekly banding session. 
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Fig. 7. Daily water leyel of the Winnebago Pool, water level goal of the 

Winnebago Comprehensive Management Plan, and natural Forster's tern nests 

active on Lake Poygan, Winnebago County, Wisconsin in 1990. 
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Forster's tern nests active on Lake Poygan, Winnebago County, 

Wisconsin in 1991. 
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Table 1. Substrate used by Forster's terns, hatching success, 
and approximate number of young fledged from studied nests at 
Lake Poygan, Winnebago County, Wisconsin in 1990 and 1991. 

Nest Nest Nests (%) with Number of 
substrate attempts ~ 1 hatched egg chicks fledged 

Cane mat 57 50 (88) >55 

Mud flat >144 @100 (>70) >50 

Platform 95 43 ( 45) 1 

Muskrat house 9 3 (33) -3 

Floating single 12 <4 {<25) ? 
(cane) 

Cane raft 77 ·o (0) 0 

Floating single 2 0 (0) 0 
(bulrush) 

Floating cattail 2 0 (0) 0 
roots 

Miscellaneous 2 0 (0) 0 
Debris 
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