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The number of American Wh ite Pelican Ct:.e.le.c..ao.u.~ 

e.u.t.b.t.Q.C.b.~"-il.Q..a) younq produced at Lower Klamath and Clear 

Lake Nationa l wildl ife Refuges CNWRs), California sharply 

declined (Figure 1) from 1907 (Lower Klamath NwR l and the 

1930's (Clear Lake NWR) to the 1940's. This decline 

probably resulted from 11 the draining of most of the 

marshes in the Klamath Basin to produce agricultural land, 

2) the use of organochlorine pesticides beginning in the 

19QO's, and 3) human disturbance at the breeding colonies. 

Over half (18 of 25: Stickel et al. 1979, E.J.o. 

unpubl. data) of the adult White Pelicans found dead from 

1~75 to 1980 that were necropsied ano analyzed for 

organochlorine residues had lethal or hazaraous levels of 

the organochlorine pesticide endrin in their brains. In 

addition, two of three Addled eggs collected after young had 

fle dqed in 197b and four of seven in 1977 contained endrin 

residues up to 0.12 ppm wet-weight (£.J.O. unpubl . rlata). 

Endrin at 0.3 ppm in screech owl CUt.J.L~ a~~) eggs was 

associaterl with impaired reproduction (Fleming et al . 1982). 

The objective of this study was to relate reproductive 

success to orqanochlorine residues in a statistically 

representative sample of eggs. Becau se we were aware that 

Wh ite Pelicans may be especially sensitive to disturbance 

(Johnson and Sloan 1976) we monitored changes in the 

breedinp colony to determine the effect of obtaining the 

sample on the production of young in 1981. This paper 
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reports the effect of disturbance on the White Pelican 

colony at Lo~er Klamath NWR in 1981. Evaluation of 

pollutant residues in this population wil I be presented 

separately (Boellstorff et al., in prep.J. 

STUDY AREA AND METHODS 

~hite Pel1cans at Lower Klamath NWR, Siskiyou Co., 

California (fig. L ) nest on an island of matted tules 

C ~i.C.Q.Y.a ~l.!..t.,\J,£) • At C l ea r La k e N w R , Modoc Co • , Ca l i f o r n i a 

(35 km enst of the Lower Klamath colony) pelicans nest on a 

peninsula or on rocky islands. Generally, birds from both 

Clear Lake and Lower Klamath colonies teed at Tule Lake and 

Lower Klamath marsh . Tule Lake is about 5 km east of Lower 

Klamath N~R. fish most commonly found in these feeding 

areas and in the regurgitations of prefledging White 

Pel i cans are tu i chubs ( 1.1.ila. ti~tl2r.) and b 1 u e chubs ( {i. 

!;,Q.~.C.Y.ila). Hecause adults from both colonies generally feed 

in the same areas, annual food-mediated variations in 

reproductive rates (Anderson et al. 1982) are expected to be 

similar at both colonies. 

We determined productivity by counting nests, young, 

and adults in photographs of the colonies taken during 

aerial surveys in 1981 and 1982. Regularly spaced single or 

paired adults were counted as incubating birds and 

erratically spaced adults were considered loafing birds 

(Sidle and Ferguson 1982). Although concurrent ground 
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counts of birrls at the colony, as suggested by Beaver and 

Lewin (1981) were not feasible, incubating birds seemed to 

be clearly distinguishable from loafing birds in the 

photoqraphs. Aerial surveys of the colonies were conducted 

one to two days before each visit to the Lower Klamath 

colony in 1981. Visits ~ere made on 17 ana 28 April, 21 

May, 4 and 18 June, and 6 July 1981 and no visit lasted more 

than 30 minutes. Pelicans usually arrive and most eggs are 

laid at the Klamath Basin colonies in early April. Most 

young hatch during May and fledge in mid•August. The 1981 

surveys were conducted at 125 m from 0900 to 1200 hours. In 

1982, colonies were photographed on 13 May and 18 June from 

175 m altitude between 0800 and 1100 hours. Except during 

the last survey in 1981, when the larger young swam onto the 

lake surrounding the island at Lower Klamath NWR , all but a 

few birds re~aine d on their nests. The Clear Lake colony 

was not visiteo in 1981 and neither colony was visited in 

1982. 

fo determine organochlorine residues in a statistically 

representative sample of eggs, we removed one egg for 

organochlorine analysis from each of 26 marked nests at the 

Lower Klamath colony on 17 April 1981. We revisited the 

colony at aooroximately 10-day intervals (dates are given 

above) to determ ine the fate of the remaining egg (according 

to the methods desc ribed by Blus e.t. al. 1974 and Blus 1982, 

in brown pelican ce. Q~~a..e.o.t.ali~) colonies) and to 

determine the effect of collecting the eggs. We approached 
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the colony on an a1rboat, landed ~t the far side of the 

island, and entered on foot. An effort was made to reduce 

disturbance by collecting eggs from only one end of the 

colony: however, when we entered the colony usually all 

adults left the island. No qulls were observed in the 

colony during our visits or as we left the island. The 

island varies in size from year to vear depending on how 

much bulrush is trampled by the pelicans. In 1981 the 

colony was about one-half ha and nesting adldts were grouped 

into t~o subcolonies. Ourinq visits we were visible to all 

adults in the colony, thus all adults were subject to about 

tne same degree of disturbance. 

RESULTS AND DISCUSSION 

Embryos in all eqgs collected on 17 April were less 

than 3 mm long, indicating incubation had only recently 

begun. ~hen we revisited the island 11 days late r, we found 

that 18 of 26 marked nests (69%) were inactive . Twelve 

nests werP. ~mpty (egg missing), five were abandoned and one 

h~d oeen destroyed. Twenty-three days later (the Potential 

harm of unseasonally cold weather to unprotected chicks 

precluded our visitinq the colony earlier), eggs were 

missing in five of the remaining eiqht active nests 

(possibly the eggs had hatched and young were already in 

podsJ: one nest was abandoned; and one young was found in 

each of two nests . Fourteen dQys later, one young was 

Present and the other was missing or had Joined a pod . 
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rhe "sampled-egg colony" had significantly lower 

productivity than either the undisturbed colony in 1981 or 

both undisturbed colonies in 1982 (Table 1). Productivities 

in the undisturbed colonies in 1982, 1.03 young/nest at 

Lower Klamath and 1.09 young/nest at Clear Lake, were not 

significant1y different. Strait and Sloan (1974) suggest 

that a fledging rate of 1.08 young/nest is necessary for 

population maintenance in White Pelicans. Therefore, it 

appears that in the absence of disturbance at the breeding 

colonies, pelicans at Lower Klamath and Clear Lake NWRs are 

reproduc1nq adequately. We suggest that the significant 

differences in oroauctivity between undisturbed colonies in 

1981 and 1982 (Table 1) represent normal annual variation. 

There were no appreciAble watar level changes in the study 

areas in 1981 (such as those affecting pelicans nesting at 

East Shoal Lake, Manitoba; Evans 1972) that might have been 

associated with the lower productivity at Lower Klamath in 

1981. 

Althouah only nests on one side of tne colony were 

marked, reproductive success must have decreased throughout 

the colony because loss of marked ~nd unmarked nests in the 

sampled area cannot alone account for lower productivity at 

Lo~er Klamath in 1981. Examination of photographs of the 

colony taken during aerial surveys sho~ed a general decrease 

in the number of nests over the breed1nq season. Individual 

nests outside of the sampling site could not be monitored 

because trampling of bulrushes by the pelicans caused the 
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island's topography to constantly change. Bunnell et al_ 

(1981) report that low-flying aircraft may affect White 

Pelican productivity by causing adults to break eggs as they 

flee the colony and by allowing predators to enter the 

colony before incubating adults return. Uuring the aerial 

surveys we did not observe adults apparently panic;ng and 

flyinq from their nests at either colony. 

Avian reproductive success is commonly measured by 

marking and revisiting nests, although other studies (Reid 

1968, Schreiber and Risebrough 1972, Robert and Ralph 1975, 

Anderson et al. 1q761 Ellison and Cleary 1978, Anderson and 

Keith 1980) suggest that use of this technique during 

critical periods of the nesting season may decrease 

reproductive success bY increasing nest abandonment, 

pre~ation, and nestling temperature stress. The results of 

this study indicate that the potential harm done to 

especially sensitive species by disturbance during 

systematic sampling maY outweigh the benefit of having a 

representative sample for chemical analyses. Thus, for 

species especially sensitive to disturbance, collection of 

addled eggs after all young have fledged is preferable. 

SUMMARY 

The sample-egg technique commonly used to obtain 

statistically representative samples of fresh eggs for 

chemical analyses and to determine individual nest success 
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may seriously decrease productivity of species such as the 

American White Pelican. ~e suqqest that low•disturbance 

methods be used to assess reproductive parameters in 

especially sensitive colonially-nesting species. 
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Table 1. Proportions of eggs surviving to fledglings in disturbed and undisturbed American White Pelican 

colonies, Klamath Basin, California, 1981-1982. 

Colony and Estimated Percent Eggs 

Treatment Number of Number Young Surviving to Young Fledged Significance 

(location/date)! Egg~ Laid Fledged Fledge Per Nest Level£ 

1. Disturbed (LK/81) 782 193 24.7 0.49 }· 2. Undisturbed (CL/81) 800 472 59 .0 1.18 

3. Undisturbed (LK/82) 996 514 51.6 1.03 }s * 
4. . Undisturbed ( CL/82) 2008 1094 54.5 1.09 

5. Undistu rbed ( BOTH/82) 3004 1608 53.5 1.07 

~LK = Lower Klamath; CL = Clear Lake. 

!!.Assuming 2.0 eggs/clutch (Knopf 1979, Bunnell et al. 1981). 

** 

£Chi2 values: 1. vs. 2. = 191.2; 3. vs. 4. = 2.21; 2. vs. 5. = 7.63; 1. vs. 5. = 209.1. Significance 

levels are marked as follows: ns =not significant (f > 0.05); * = f < 0.01; ** = P < 0.001. 



Figure 1. Mean number by decade of young American White Pelicans produced at 

Lower Klamath and Clear Lake NWRs. Counts were taken from files at the 

Klamath Basin NWRs and were made by different observers and at different 

times of the breeding season. The count for 1907 is based on one report 

(Finley 1907). Other data points are shown about in the middle of the 

decade but slightly offset to enable showing standard deviations within 

the decade for each colony. 

Figure 2. Map of the Klamath Basin showing locations of Lower Klamath, 

Tule Lake, and Clear Lake National Wildlife Refuges. 
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