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The recent h is tory  of the eastern brown pelican (Pelecanus 
occidental is carol inensis) in Louisiana has involved the 
ex t i rpa t ion  of a once f lour ish ing  population; a small breeding 
population has now been reestablished from birds taken from the 
stable Florida population. The el iminat ion of the pelican as a 
breeding bird in Louisiana came about with l i t t l e  pub l i c i t y ,  and 
the process was complete by the early 1960's. 

The pelican population in Louisiana was a large one, but i t  
is d i f f i c u l t  to determine the thoroughness and accuracy of the 
early counts. BAILEY (1920) reported 50,000 brown pelicans on the 
Mud Lumps, which are small islands at the mouth of the Mississippi  
River. PEARSON (1919) reported 65,000 brown pelicans on the Gulf 
Coast from Texas to Flor ida. OBERHOLSER (1938) l i s ted  about 5,000 
breeding pairs for the ent i re  State and estimated only 4,550 
pelicans on the Mud Lumps. The last  record of nesting brown 
pelicans in Louisiana was in 1961 when VAN TETS (1965) found 200 
breeding pairs and I00 nest l ings on North Island. We do not 
knOw the reasons for  the population decl ine, although JOANEN and 
DUPUIE (1969) theorized that  hurricanes, diseases, and pesticides 
were the major causes. Pelicans have been exposed to hurricanes 
and diseases throughout the i r  existence, but the addit ion of 
adverse effects induced by pesticides or other pol lutants may 
have been enough to push them into ex t inc t ion  in Louisiana. Now 
that transplanted pelicans from Florida have established a small 
breeding population, i t  i t  important to determine the levels of 
environmental pol lutants in these pelicans and to determine the 
effects of these pol lutants.  

METHODS 

Field work involved co l lect ing eggs from the colony, counting 
nests and young, and transplant ing the young. The transplant ing 
program involved 465 nest l ings imported from Florida from 1968 
through 1973. F i f t y  of these birds were released at Rockefeller 
Refuge, and the remainder were released at Grand Terre. The 
Rockefeller release fa i led ,  but a small breeding colony has been 
established at Grand Terre where birds began nesting in 1971. The 
period of th is  study includes 1971 through 1973. 
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In the 3 years ~f study, 67 eggs were col lected. Freshly 
la id eggs and both viable and addled eggs in al l  stages of 
incubation were col lected. The eggs were frozen soon af ter  
co l lec t ion ,  and they were sent to the Patuxent Wi ld l i fe  Research Center 
several months la te r .  The egg contents were then removed from 
the shell and refrozen. The shells were thoroughly washed and 
allowed to dry. The eggshell thickness was measured to the 
nearest 0.01 mm at three points along the waist of the egg 
with a Star re t t  IOIOM micrometer. 

The contents of 36 eggs were analyzed ind iv idua l l y  for 
residues of organochlorine pest ic ides,  the i r  metabolites, and 
polychlorinated biphenyls (PCB's) at the Patuxent Center. 
The methodology used in analyzing the eggs collected in 1971 
(MULHERN et a l . ,  1970) was modified and improved when la ter  samples were 
analyzed (BLUS et a l . ,  1974a). Electron capture gas 
chromatography and several types of columns were used each 
year. Thin layer chromatography was used to analyze PCB 
residues in eggs collected in 1971 and a port ion of the 
eggs collected in 1972 (MULHERN et a l . ,  1971). The major 
change in the analyt ical  techniques involved use of the 
s i l i c i c  acid column in 1972 and 1973; th is  permitted the 
separation of the organochlorine residues into three f ract ions.  
DDE was quantitated by peak height to avoid errors from PCB 
interference; the other organochlorines were measured by 
d ig i t a l  in tegrat ion of area and PCB's were estimated by 
comparing total  area of PCB peaks with that of Aroclor 1260. 
Mass spectrometry was u t i l i zed  in confirming residues in 
some of the eggs. Recoveries from eagle t issue spiked with 
the organochlorine pesticides and Aroclor 1254 ranged from 
90% to 109%. Residues in the pelican eggs were not corrected 
for recovery values. 

Five of the eggs analyzed for  organochlorines were 
also analyzed for s ix  metals by the Environmental Trace 
Substances Center, Columbia, Missouri.  Atomic absorption 
was used to detect residues of mercury, z inc, copper, 
cadmium, and lead; neutron ac t iva t ion analysis was used 
to detect nickel.  The lower l i m i t  of s e n s i t i v i t y  in 
detecting residues (~g/g) was 0.01 for pesticides or the i r  
metabolites, 0.5 for the PCB's, 0.005 for cadmium, 0.01 for 
n ickel ,  0.025 for lead and mercury, and 0.05 for zinc and 
copper. The residues are expressed on a fresh wet weight 
basis. Certain external egg measurements (length x breadth 2) 
were s i g n i f i c a n t l y  correlated (P<O.OI) with weight of the 
contents of fresh eggs. The resul t ing regression equation 
was used to convert egg content weight to fresh wet 
weight (STICKEL et a l . ,  1973). Freshly la id pelican 
eggs contained 85 percent moisture (determined by 
l yoph i l i za t ion)  and 4.4 percent l i p i ds .  
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RESULTS AND DISCUSSION 

The Transplanting Program -- In 1971, transplanted brown 
pelicans produced eight young; this was the f i r s t  indication 
that the program had a real potential for replenishing the 
brown pelican population in Louisiana. The number of nests 
and number of young fledged increased through 1973 (Table l ) .  
The number of fledglings produced per nesting effort was less 
than the 1.2 to 1.5 young estimated as necessary to maintain a 
stable population (HENNY, 1972). The pelicans i n i t i a l l y  
selected a low shell bank for nesting, and some nests were 
flooded periodically by high tides. This problem was largely 
alleviated when the birds selected another island and constructed 
their nests in low black mangroves (Avicenna nitida). 

TABLE 1 

Reproductive success of brown pelicans transplanted in 
Louisiana. 

Year Number of Nests 
Number of Young Fled~ed 

Total Per Nest 

1971 13 8 0.62 

1972 28 14 0.50 

1973 50 26 0.52 

The current increase in the breeding population (Table I ) ,  
is related to transplanted pelicans attaining breeding status 
rather than to recruitment of the young reared in Louisiana 
into the breeding population. Because of current subnormal 
reproductive success, the long-term outcome of the transplanting 
program is s t i l l  somewhat in doubt. The continued growth and 
future of the brown pelican population in Louisiana is dependent 
upon the identification and alleviation of the agent or agents 
that induced the extirpation of this species. Population 
growth may be affected adversely by numerous factors including 
pollution, loss of nesting habitat, or other adverse alteration 
of the ecosystem that either played a role in the demise of the 
pelican or have emerged since i ts extirpation. 

Eggshell thickness - -  On the basis of eggshell thickness 
measurements obtained from 24 brown pelican eggs located in 
museums, the mean pre-1947 eggshell thickness of Louisiana eggs 
was 0.554 mm (ANDERSON and HICKEY, 1970). The shell thickness 
of contemporary eggs averaged 0.517 mm in 1971, 0.486 mm in 1972, 
and 0.488 mm in 1973 (Table 2). The pre-1947 eggshell thickness 
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was s i g n i f i c a n t l y  greater (P<O.05) than that measured in 
e i ther  of the 3 la ter  years, but the 1971 thickness was 
s i gn i f i can t l y  greater (P<O.05) than ei ther  the 1972 th ick-  
ness or the 1973 thickness (Table 2). Although i t  is not 
d e f i n i t e l y  established that the 7 percent eggshell thinning 
in 1971 and 12 percent thinning in 1972 and 1973 are 
af fect ing reproduction, thinning of 18 percent or less has 
been associated with lowered reproductive success in other 
birds used in experimental studies (HEATH et a l . ,  1969; 
LONGCORE et a l . ,  1971). Eggshells of brown pelicans are 
thinning in a l l  sections of th is  species' range in North 
America (BLUS 1970; BLUS et a l . ,  1971; KEITH et a l . ,  1970). 

TABLE 2 

Eggshell thickness of brown pelican eggs from Louisiana. 

Number of Thickness (mm) 
Year Eggs Mean ~ standard error Range 

Pre-1947~/ 24 0.554 + 0.007 a 2-/ 

1971 7 0.517 + 0.007 b 0.49-0.53 

1972 39 0.486 + 0.006 c 0.41-0.57 

1973 21 0.488 + 0.009 c 0.40-0.54 

I__/ Pre-1947 eggshell thickness data from Anderson and 
Hickey (1970) range not l i s ted .  

2_/ A s ign i f i can t  dif ference (P<O.05) among thickness 
means is indicated for those means not sharing a 
common l e t t e r .  Means were separated using the 
new mult ip le range test  with an extension for 
unequal rep l ica t ion  (KRAMER, 1956). 

Residues --  Each of the 36 eggs analyzed contained measur- 
able residues of p,p'-DDE, p,p'-DDD, d ie ld r i n ,  and PCB's 
(Table 3). Most of the eggs contained measurable quant i t ies 
of p,p'-DDT and heptachlor epoxide; none of the eggs contained 
mirex. Small residues of cis-nonachlor were found in a l l  eggs 
analyzed in 1972 and 1973, and al l  but one of these eggs 
contained cis-chlordane and/or trans-nonachlor. Neither 
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cis-chlordane nor cis-nonachlor would have been identified by 
the residue analysis techniques used for the 1971 eggs. 
Toxaphene was identified in all of the eggs collected in 
1973. The residue methodology employed in analyzing the eggs 
collected in 1971 did not permit the identification of 
toxaphene. Toxaphene was present in 1972 eggs, but not 
quantified. A trace of hexachlorobenzene was found in a 
few of the eggs collected in 1973. 

The heavy metals listed in Table 4 do not seem to be 
of sufficient magnitude to pose a threat to the pelicans 
in Louisiana, but our knowledge of the potential hazard of 
such low levels is incomplete. The mercury levels are much 
lower than those found in eggs from Florida, South Carolina 
or California (BLUS et al . ,  1974a). Otherwise, the residues 
of the other metals are similar to those found in the other 
areas. 

TABLE 4 

Residues of six heavy metals in eggs of the brown 
pelican from Louisiana, 1972. 

~g/g (fresh wet weight) 

Cd. Cu. Zn. N i . .  Hg. Pb. 

Tr 1.20 6.0 0.044 0.08 Tr 

Tr 1.06 5.6 Tr 0.06 Tr 

0.008 1.49 6.8 0.035 0.07 Tr 

Tr 1.04 6.2 0.044 O.lO 0.040 

0.006 1.03 5.1 0.022 0.08 Tr 

G.M. 0.004 1,15 5.9 0.024 0.08 0.016 

The PCB's in the pelican eggs resembled Aroclor 1260 or 
those Aroclors lying near 1260, The PCB's occurred at higher 
levels than the other residues followed by DDE and dieldrin. 
The DDE:PCB ratio was 0.4:1.0. One of the most encouraging 
findings was the absence of endrin. This highly toxic 
insecticide caused massive fish k i l ls  in the lower 
Mississippi River in the early 1960's (MOUNT and PUTNICKI, 
1966) -- about the time that the pelicans disappeared in 
Louisiana. According to LONG et al. (1961), the use of 
endrin in Louisiana became widespread by 1958. 
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7. . n-valerate 

Figure la Figure l b  

Fig. Ia. Gas chromatogram of a sample of dog stomach contents 
spiked with the equivalent of I0 ppm of 1080. 

Fig. lb. Gas chromatogram of n-propyl esters of fluoroacetic acid 
and six acids normally associated with samples of biological 
origin. 

precipitate all water-soluble proteins; about 40-50 ml is normally 
required. After about 20 minutes, check for completeness of pre- 
cipitation by adding a few more drops of 30% phosphotungstic acid. 
When precipitation is complete, add 2-3 g of a filter aid (Celite 
545 or equivalent), stir to mix thoroughly, and filter with vacuum 
through an 8-cm Buchner funnel lined with a dense filter paper 
(Whatman No. 3 or equivalent). Transfer the clear filtrate to a 
250-mi liquid-liquid extractor (Corning Cat. No. 3890 or equiva- 
lent). To the 300-ml round-bottom flask of the extractor add 
250 mi diethyl ether. Heat the flask in a water bath adjusted so 
that the distillate will drip off the condenser tip at a uniform 
rate without flooding the condenser. Extract for 3 hours. Remove 
the distilling flask, stopper, chill to at least 0 4 C for 10-15 
minutes, and withdraw as much water as possible from the bottom of 
the flask with a long-needled syringe. Add to the flask i0 g of 
powered anhydrous sodium sulfate, stopper, and shake vigorously 
for 4-5 minutes. Filter the ether extract through medium porosity 
paper into a 250-mi separatory funnel. Add 12-13 ml distilled 
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area without an existing breeding population. There is some 
suggestive evidence (LOVETT E. WILLIAMS, JR., 1974, Personal 
Communication), that the pelicans in Louisiana began to breed 
at an ear l ier  age than normal; none of the pelicans breeding 
in 1971 or 1972 were in complete adult breeding plumage. 

A series of studies should be made to c l a r i f y  the past, 
present, and future status of the brown pelican population 
in Louisiana. We have made a s tar t ,  but many other avenues 
of research need to be explored --  such as effects of metals, 
other pol lutants,  and disease organisms; extent of habitat 
loss including nesting islands; and the poss ib i l i t y  of food 
shortages or losses. 
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