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ABSTRACT

A small colony of Californis least 5 {Sterna albifrons brownl) was cbserved
daily at Sunset Aguaitic Reglonal JaLk; nunolmgtOﬂ Beach, Orange County, Californie,
during the 1971 nesting season. Courtship, egg laoying, incubstion of eggs, care
and Teeding of young and vocalization of adults were all documented. Also recorded
vere demography of the colony, number of nests, clubch size, weights and messure-~
ments of eggs, snd length of incubation. Colony contained 23 nests, fifty-ihree
eggs vere laid and Torty-two (80 percent) hatched. All chicks were banded immeds-
ately after hatching and thelr movements, physical development and behavior were
recorded until fledging. After fledging, dbservation of Jjuveniles and adults
continued until birds left the ares in esrly August. Percentage of juveniles
successiully fledged was 33 to 50 percent. Basic regquirements of the least tern
for succegsivl pesting are discussed snd recommendations made Tor their protection.
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~ Wildlife Msnagement Branch Administrative Report Wo. 71-9 (\ovcmber 197L).
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RECOMMENDATIONS
To assure reproduction and survival of the California least tern, it is

recommended that:

1) A California least tern sanctuary be established ot Sunset Aguatic
Regional Park, Orange County, Californis.

2) A management plan be developed for the sanctuary, which will orovide
measures to protect snd enhance the Californis least tern.
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ITWTRODUCTYCH

Sterna albifrons is a worldwide specles with many recopgnized races. In Europe
1% Wes callied the little btern and was first described in the 18th cenbury
(Vroeg's Catelogue 1764). It is celled the least tern in North America. The
subspecies which breeds in California is the Celifornis least tern {Sterna
albifrons browni). This race winters in South and Central Americe and comes
north to bread on the west coast beaches of the United States and Mexico.
Historically, the birds have bred on uninhabited beaches from Moss Landing,
Monterey County to Southern Baje, California, Mexico, adjacent to estuaries

with & good supply of small fish. The great increase in California®s human popu-
lation in this century, with concomitant use of beaches and estuaries, has had

s serious impact on the least tern. Numbers of nesting pairs have dropped
sharply and many tradiitional breeding sites are no longer used. In 1970, the
bird was declared endangered by the Secretary of the Interior and included on
his ligting of endangered species, In 1971, the California Fish and Game
Commission also declared it an endangeved species. Since there is a lack of
life history informaiion on the California least tern, this study was undertaken
to determine breeding biology, reproductive success and make recommendaticns for
theilr protection and preservation.

METHCD

Birds were studied Ffrom time of arrival in late April to depsrture in mid-August.
Courbship behavior, egg laying, incuvbation period, hatching, care of chicks up
to Tledging, and behavior of fledged juveniles were closely observed and
documented. A1l chicks in a colony were banded and their physical development
followed by recapturing them during the prefledging period. Burvival rate

wes calculated and reasons sought for the success or failure of the colony in
resring young. Tape recordings of the vepertoire of calls, and & photographic
record of the breeding cycle was made.

STUDY AREA

In 1970, & group of 75~100 pairs of least terns nested at Sunset Aguatic
Regional Park in Hunbington Beach, Orenge County, California. Park is primarily
o marins on filled land at the northwest end of Humtington Harbor, and abuts

the Seal Beach Navel Weapons Station (Figure 1). Approximstely one-half of the
vark scresge is still undeveloped, and consists of fill sand dredged from the
botbom of Anzheim Bay {Figure 2}. Bare sand, plus excellent fishing in the
chamnels of Ansheim Slough in the naval weapons station spparently attracued
the terns to this ares (Figure 3}. The sres wvhere terns nested in 1970 was
spproximately 15 acres (Figure L). The colony was divided into voughly three
sgual groups: L) one-third nested on Site A, a 5 acre island on the northwest
end, commected to the rest of the park by a causeway; 2} one-third chose Site

¢, & section where a small colony nested in 1969 (Coilins, persocnal commmication),
and 3} the last group to nest used Site B, a newly filled portion of the nark
hetyeen Sites A and C.

In 1970, the Orange County Board of Supervisors, through the Department of
Harbors, Beaches and Parks, provided some protection for the colony upon request
by erecting & sand berm around the periphery of the mainlend nesting ares

Figure bk, Sites B and Y. During the spring of 197L, a fence and gabe were

put acrogs the causeway to the island (8ite A) to permapently protect the ternery.
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FIGURE 1. Map showing locetion of Sunset Aguatiec Regional Park, Huntington Beach,
Orange County, California, site of the (alifornis leasst tern nesting
eolony.
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TIGRE 2,

Tern neshing ares at Sunsel Aguatic Beglonal Park with Seal Beach
Nzval Weapons Staticn showm in background.

Tidal channels
feeding sreas.

in Ansheinm Bay, adljacent to nesting grounds, provide
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I had planned to focus atlention on just one sectblon of the ternery in 1971,
assuming the birds followed 1970 nesting pattern, and observe 20-30 nesting
pairs in detall. As it happened, total nuwber of nests in the colony this

year was 23, all on Site B. This portion of land was built up with send dredged
in the winter of 197C and had dried sufficiently for nesting when terns arrived
that spring, although it was not thoroughly dry. However, by spring 1971, the
character of the terrain had changed rather markedly. The sand was quite dry

on 2/3 of the ares and small clumps of Russian thistle (Salsocls kali)} were
scattered over the area. The other mainland nesting area, Site C, which conw
tained 24 nests in 1570, was covergrown with ice plant (Mesambryanthemum nodiflorum)
in 1971 and apprently was not suitable for nesting. The island, Site &, wWas
rendered unscceptable by the presence of & male burrowing owl {Spectyto
cunicularia} which tock up residence there last winter. Terns were vnable to
chase him away and would not nest while he wasg there. By the time I realized

he was causing a serious problem and persuaded him to leave by digging out his
burrow, it was %00 late. Nev nests continued to appear on the mainland site,
but terns did not nest on the islend at all. Time for selecting nesting sites
had apparently passed.

The following study results document the 1971 California least tern breeding
season at Sunset Aguatic Regional Park from April 25 to August 13. Duriag this
reriod, the colony of 23 nests was kept under close observation from the first
nesting activities to desertion of the nesting grounds. '

RESULTS

Breeding Biology

Couriship

During the last week in April, least terns began to arrive from their wintering
grounds in Central and South America. Birds were seen resting and preening on
mud flate at low tide at Bolsa Slough behind Bolsa Chica State Beach, and at
Sunset Aguatic Regional Park; they were also seen on buoys and boats in the
Long Beach merina and over the waterways, where they were heard more readily
than seen. Courtship had slready begun by the time they arrived and serisl
preliminaries were in evidence. Courtship flights consisbed chlefly of the
"figh flight' and 'serial glide', courtship displays common to meny species of
terns (Marples 1934, Palmer 1941, Davis 1958). During this period the birds
rarely landed. It was very difficult at this stage to tell where they would
eventually settle to breed. Much of the courtship tock place very high in the
air, and when the terns landed, it was on nudflats below high tide line. During
the second week in May, birds began to land in groups of two and three on their
chosen nesbting ground, often with one of the pair or tric carrying a Tish.

The ground phase of courtship was then observed. There was feeding of the
female by the male, the male flying off 3~l times in 10 minutes snd returning
with & fish. Copulation has been reported by Tompkins {1959) to take place
away from ternery before nesting begins and this was the case here. Two nests
with one egg each were Tound cn May 2k bhefore copulation was ever observed on
the ternery. After that date, during the entire egg-laying period, copulation,
preceeded by 'posturing' and the ‘parade’ as described by Davis (1968}, was
seen often on the nesting ground.



Boosting

Roosting areas, which have been described by Davis (1968} could not be found
at Long Beach, Seal Beach, or Huntington Beach. It remains a mystery where

terns were spending the night roosting during the early pericd of courtship.

Nest Selecticon and Egg Data

Twenty-three tern nests at Sunset Aquaitic Regicnal Park were scatiered over &
S5-acre area. Minlmum distance betueen nests was 10 feet; and most were more
widely spaced. There was no pattern in the arrangement of nests, they secemed
to be guite random in nest site selection. All bult 5 were simple scrapes in
sand, the exceptions were hollows iined with smail bits of shell (Figure 5 & 6).
There was one l-egg nest, 14 with 2 eggs, and 8 with 3 eggs. Mean weight

(+2 Standard Errors) of 43 eggs weighed on June 12, 1971 was 7.93 grems +0.21.
Length and width on these same eggs aversged 30.92 mm. +0.0 X 23.3L mm. +0.36.

Fgg Laying

The first egg was laid on May 2k, 1971. Average clutch size Ffor 23 nests was
2.3 eggs. Eggs in each clutch were lald on consecutive days with one exception
vhere two days elapsed between eggs. There were two Ilnstances in which a third
egg appeared in a nest half way through the incubation period, examples of
intraspecific egg parasitism. One of these eggs was brooded along with the
parents' own eggs but did not hatch when the other two did. After b days of
attempbing to brood the egg and take care of the hatchlings, the egg was
abandoned. There was a well develeoped embryo inside. In the other case, the
day following the appearance of the third egg, the nest combalned only two

eggs again. Since both the two remaining eggs in the clutch hatched at the
expected time, it appears the adult rejected the alien egg.

Incubstion and Kest Digturbsnce

Incubation began after the first egg was laid. Both parenis participated in
this chore, as they did in all others periaining to care of eggs and young.
During the incubation period, brooding birds were easily disturbed by intrusion
onto the breeding grounds and would all take wing sounding alarm calls, then
fly over and mob the intruder. This behavior is common to many species of terns
and has been well described by Marples {193%) and Palmer {1941). There were
also times when terns showed elarm which had no apparent cause. This was also
described by Marples {1934}. People, gulls, other summering tern species and
jack rabbits were the most common ceuses for alarm. On rare occasions, dogs,

a black tern, burrowing owl, sparrow hawk, white-tailed kite, and loggerhesad
shrike disturbed the tempo of Life in the ternery. Birds guickly settled on
their eggs after chasing off the intruder(s). Species which were tolerated
without any reacticn were the horned lark, snowy plover and kilideer, which
nested on or near the ternery, and cliff swallows which regularly swocped in low
over the ground catching insecis.

Hatehing

The first egg hatched on June 15, I1STL, 21 days after 1% was laid. Hatching

of 2-egg clutches usually took place on successive days, although there were
instances of two chicks hatching on the same day, or two days elapsing betuwszen
hatchings. In 3-egg clutches it was most common for Two eggs te hatch on the
same day, either a day before or after the third egg. Average incubsblon period

By



FIGURE 5.

FIGURE 6.

Tvpical least tern nest--two eggs lsid in a shallow scrape in the
Egegs hatched on consecutive date.
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wag 22 days, The period veried from 20 to 23 days with one exception. One Z-egg
nest was observed for 28 days before hatching cceurred. Since the nest was
Tound with two eggs alrveady in it, the date of the laying of the first egg was
not known, and the length of incubation was therefore more than 28 days.

Total number of eggs laid was 53, of which 42 (80%) hatched successfully. Hatehing
failures were due Lo several causes. Three nests with two eggs each were aban-

doned early in the incubation period for reasons unknown. Hggs Drop these nests

were taken affer [ive days of observation in order o be sure they were abandoned,

and frozen for chewmical analysis, Three nests had one egg each which failed to

hatch along with other eggs in the cluich, and were abandoned alter 2 few days

of further incubstion by adults. Chicks from these nests left the nest one wo two

days after hatching, and 1t wes impossible for parents to attend them and brood

eggs simultanecusly. The confllict between the drive to brood eggs and to feed and protect
the young chicks was spparent, but the chicks won every time, One of these nests was the
example of parasitism menticned previously. The other two anests had clubches of

two eggs each; one egg in one nest was infertile, the other nest contained an

egg with an embryo in an early stage of development. Other hatching fallures

were due to & broken egg in one instence and death of a chick in the pipping

stage in another. All other eggs hatched successfully. There was no egg predation.

Prefledging Period

Eggs usually haitched in the morning, and the sun dried the chicks' feathers
within an hour. OCne of the parents brought a very smadl fish for the first
feeding of the chick within three hours after hatching {Figures 7 & 8). Tor the
first few days, parents vere kept extremely busy, catching Tish Tor their off-
spring, especially if there were three in & clutch.

A1l of the chicks which hatched were banded on the left leg with U. 5. Fish and
Wildlife Service aluminum bands. A strip of yellow plagtlic tape was put over
the bands of 22 chicks when they were Tive days old or more, in order ¢ increase
the chance of seeing banded birds after they were fledged.

After hatching, the chicks stayed in the nest only omne ¢ two days. They were
sblie to stagger sbout very soon after their feathers dried (Pigure 9). From the
second Gay on, the chicks wandered freely around the ternery and beyond. There
was no berritoriasl defense against them by adult terms, as there 18 in colonies
of other tern species {Marples 193k, Palmer 19hl). Chicks were seen to wander
within two feet of an aduli brooding eggs withoult any reaction from the adult.
The Ffirst chick to leave the nesting grounds went over the berm on the east side
of the ternery at the age of seven days. From thet time on, chicks wandered as
far as 1/2 mile east of the ternery, where the Tlood control channel stopped
them. Later on, chicks as young as two days were found off the termery, aflter
the first advenburous spirit hed shown the way. Parents Tollowed, somebinmes
herding their young to safety by means of landing and calling, then fluttering
or walking in the direction they wished the chicks to follow. Giblings stayed
reasonebly close together. Chicks were not brooded by adults after a few days.

During the prefledging period, the actions of parents against intruders was even
more vehement than during the incubating period. Adults would dive at the
offender, and vhen jusi overhead would defecate with marvelous accuracy on tearget
to the accompaniment of & harsh scream. Young chicks would flatten in place
immediately on hearing the parents' alarm call, and remain lmmobile untll the
1211 clear' was sounded {Pigure 10). Older chicks {10+ days) were more Likely
to yun from the intruder, and flatten only when danger got too close, often

o



California least tern with a brood of three chicks,

FIGURE 7.
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California least tern parent feeding chick.

FIGURE 8,



PIGURE 9. California least term chick several hours after hatching, welght
L.5 grams.

FIGURE 10, Three California least tern chicks "frozen' to immobility in the nest
a2t the appreoach of an intruder.
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under a clump of Russisan thistle or a bit of flotsam. Iither of these methods
of escape was exceedingly effective. Tmmobiliiy plus cryptic coloration made
the chicks practically invisible.

Feeding

During one 2-hour periocd of cobservation from a blind, I wabtched a brood of three
chicks, age one and two days old, being fed five times by the parents. It was
not possible to distingnish one chick from another to determine whether they
were gll getting food. Bub they had all been banded and weighed just before

the blind was sebt up, and were reweighed after two hours and five feedings.
Each chick had geined from 0.2 to 0.6 grams, indicating they hed all received
food.

Size of the Tish brought by the parents increased as the chicks grew, and within
s week Tish appeared to be the same size as those eaten by the parents. The
smallest Tish picked up on the ternery was # cm. long and C.k cm. high and wes

rought in to feed & two day old chick. Fish picked up during the courtship
period {adult food} were from 4 cm. t0 9 cm. in length, and 1.6-2.0 cm. high.
It was somebimes difficult for a chick to swallow a rather long fish, and the
fegt had to be accomplished in stages. If a fisgh was dropped, it was usually
left where it lay, and it is from such fish that I have identified speciles
which were used for food. Once a parent presented a fish to a fledged juvenile
vhich dropped it, picked it up again and ate it. This particular fish was
wriggling, which may be why it was dropped during the exchange, and perhaps
alsc why it was plcked up again.

Three species of fish were picked up at the ternery; l) northern anchovy
(Fngreulis mordax)}, 2) shiner perch {Cymencgaster aggregsta), and 3) topsmelt
{Atherinops &ffinis}.

Positfledging Pericd

A few days before fledging, youngsters did wing exercises and made short, low
flights just above the ground before actually flying.

Two flying juveniles were seen on July 5, 1971, twenty days after the first two
eggs in the colony hatched. There is good evidence that these birds were
actually from those first hatched eggs. Banded chicks had been caught repeatedly
during the prefledging period and were known to have reached the age of 15 days.
It is reasonable to assume that these were the juveniles seen flying on July 5.
After July 5 there were more fledged juveniles every few days, but there was no
way of knowing the age at which they were first flying. Once airborne, young
birds were never caught again.

Further evidence that 20 days of age is the fledging period comes from the fact
that no chick clder than that was ever caught on the ground.

After fledging, aserisl skills were developed rapidly. Sixteen days after the
first juveniles were fledged at Sunset Aguatic Regional Park, two young birds
with vellow bands on their left legs vwere seen with accompanying parents on

the bank of the San Gebriel River, four miles north of the ternery. Although
skilled at flying, young were still being fed by parents. Flying young con-
tinued to be fed by parents as long as they remained in the area. During this
period, fiying juveniles could be ssen learning to fish in The astuary. Rarely

il



were they successful. Their high-pitched twe or three note call would identify
them clearly in a group of mixed adults and juveniles. Terns, parents and young,
continued to use the ternery for roosting, especially at night, through fugust
6., On this date, several fledged juveniles without bands, obviously from some
ovher colony, were on the nesiing grounds along with banded young that were
ralsed there. These young wanderers were sccompanied by their psrents. On
Auguat 11 there were no least teruns on the grounds, although several juveniles
flew over, celling. On the evening of August 13 the ternery was deserted;
there were mony Forster's and Caspian terns on the mudflats, but no least terns
were elther seen or hesrd. A guick check of other places in Hunbington Beach
and Long Beach where they have been breeding or roosting indicated there were
no least terns in the ares.

Calls

Adult least terns have several alarm calls, TFor various degrees of Ifright, and
are similar to those described by VWolk (1954} for Sterns albifroms antillarum
gt Jones Beach, New York. The nildest call wmay be phonetically given as -
‘zureent. In 2 stabe of gresbter agitation, the birds will give a rapid series
of high-pitched ‘kit-kit-kit! sounds. When most distravght and mobbing an
intruder, the birds will dive and at the Llow polnt of the src emlt & harsh
scream, written by Wolk as ‘krowkghl', accompanied by defecation. The melodius
'fish flight' call is a four-note call which I hear as Sldee, xi®®e') so written
to show the descending-ascending nature of the call. Almost invariably, a
bird carrying a fish, for vhatever reason, will use this vocalization. It is
probably the same call described by Davis as ‘'kee-zink, kee-zinkl®, 4 variant
of this call, lower in pitch and throatier in qualibty, is used to ‘talk tof
yvoung when on the ground. Within a few days after fledging, the juveniles can
be heard soumding & high-pitched, two or three note call.

These are the major calls heard during the breeding sesson. These calls plus
variants and lesser used calls, have been recordsd on tape and will be trans-
crihed to sonograms for more detalled analysis.

Growth Bate and Survival

Panding of newly hatched chicks proved an excellent wmethod for keeping track of
them. It provided information in four categories; 1) general pattern of growth
of chicks 2) feather development and color during the prefledging period, 3} sur-
vival data on individual clutches and 4) success of the breeding colony.

Growth of Chicks

Welght of chicks shown in Table 1 and Figure 11 conbines dsbs gethered in 1970
and 1971 at Sunset Aguatic Begional Park.

TABLE L

Growth Rate of Californis Least Tern Chicks
Sunset Aguatic Regional Park, 1970-T1L

Weight in Grams

Days After Hatching Number of Chicks Weighed F 2 Standard Frror)
0 T7 5.93 + 0.09
1 67 713 F 0.15
2 32 B.h2 + 0.2k
3 15 9.36 + C.53

P



(Table Continued)

Welght in Grems

Days After Hatching Number of Chicks Weighed (+ 2 Standard Error)
I 13 13.81 + Q.55
5 7 13.35 + 1.09
& 7 L7.6k + 0.75
7 12 22.92 * 0.92
8 5 2L.80 + 1.46
9 5 30.00 ¥ 1.97

10 8 29.43 * 1.59
il iL 31.86 + 1.12
i2 8 33.13 * 1.e2
13 3 34.33 -
14 9 36.67 + C.75
15 8 309.62 + 0.73
17 5 38.40 * 0.93
18 2 37.50 -
20 2 10,50 -

Chicks increase in weight rapidly, doubling by the fourth day of age, tripling
by the sixth. At fifteen days welight stebilives between 35 and L0 grams. There
were only two chicks captured at age 18 and 20 days, enough of a sample to
indicate the growbth rate curve but not sufficient for statistical analysis.
Weight of adult least terns has not been well documented. One blrd, banded as

& chick at Huntingbon Beach State Park in 1963, was retrapped there six years
later on a nest by Collins (personsl communication) and weighed 47.2 grams.

Feather Development and Color

Kewly hatched chicks, once dry are covered with down feathers of mottled beige
and brown. Coloring iIs crypiic, affording excellent camouflazge when they
flatten immobile on the ground in the presence of danger.

First contour feathers to awpear are the primsries, sheaths sre evident by the
third day after eggs hatch. The huneral feather tract and the secondary feathers
of the alar tract soon follow, and begin to erupt from thelr sheaths when the
chicks are five days cld. Back feathers are next, the remiges lag behind. On
chicks 12 days cld the alar tract feathers are half way out of the sheaths and
the capital tract has begun erupting. 4t 15 days of age the chicks fiight
feathers are four-fifths erupted, the tail is s$t1ll in pin feathers. All feather
tracts of chicks at this age sre elither in pin feathers or erupted. Tail
feathers are well developed by the eighteenth day, and black feathers which form
e eve mask have appeared in the lores. Juvenile birds are well covered with
conbour feathers at this age.

After fledging, juvenile plumage can be used to differentiate young from the

adult in & mixed age group of birds. The juvenlile has a brown-flecked cap

color, only the eye mask 1s black; whereas, the adult has a black cap and mask

and a trisngle-shaped white patch on the forehead. Secondary ccoverts and back
feathers on the juvenile are moltled brown and white, the adult's are uniform grey.
The juvenlle's bill is dark, the adult's yellow with black tlp. Young birdfs legs
sre bright orange like the adult's. Adult plumege 1 1llustrated in Flgure 12.
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FIGURE 11. California least tern growth rate, Sunset Aguatic Regional Park,
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FIGURE 12. Adult Celifornia jeast Lern.

The egg tooth, which in the commen tern (Sterms hirundo)} is gone by the sixth
day after hatching {(LeCroy and Collins 1972), persists in the lemgt tern for
about two weeks as a dark nub on the tip of the upper mandible.

Survival Data on Individual Clutches

Because of the difficulty in capturing chicks, records are not complete as to
how many siblings survived in a brood. A reasonable estimete was obtained.
Chicks from 1k of the 23 nests were recaptured at ages of seven days or more.
Analysis of growth date showed thet chicks captured at one week of age were
found again at later dates up to the age of Tledging in all but two instances.
1t was therefore assumed that the first week after hatching was the critical
period, and those chicks which survived this pericd would probably live to
fledge. Using seven-day survival as a standard, success of individual clutches
could be measured (Table 2).

Analysis of the survival data of siblings yielded unexpected information. It
had been my impression, before careful scrutiny of growth data, that only one
chick was surviving from most clutches. This turned out o be true For all
but the three-egg clutches. OFf the 1L nestes frow which week-o0ld chicks were
recaptured; three had hatched just ome chick, and all survived; six nests
rroduced two hatchlings each, and of this group five had but & single survivor

-15-



TABLE 2

Hesting Success of falifornis Least Tern Colony
Sunset Aguatic Reglonal Park, 1971

Nest No. No. of Beggs No. Hatched Ne. Survivg;s}/
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and the other mesnaged to fledge both chicks; bub the five broods with three
chicks each showed gquite a different survivel pattern. From two nests, all
three of the chicks reached the age of 12 days or more, and from itwo obher
nests, two out of three chicks survived. The Tifth clutch of three had just
one survivor. In all, 11 chicks probably fledged from five 3-egg nests; and
10 from the remaining nine nesbs vhich were successful in fledging chicks.
There is no doubt that in this colomy this year, three-egg clutches were Tfar
more Fruitful in terms of fledglings than either one or two-egg clutches.

Success of the Breeding Colony

Fledging success was measured by two methods; 1) counting chicks surviving the
first seven~day pericd after hatching which would probably live to fledge; and
2} counting actual number of fledged juveniles seen at the nesting ground
during the brief perlod afier meost of the young have fledged and helore they
begin to wander.

Fifty percent of chicks hatched in this colony were recaptured ai seven days of
age or older (Teble 2). It should be noted that a seven-day survival figure
for a colony is neither easy nor practical to obtain. It can only be done with
handed chicks and with a large daily effort expended for seversl weeks on
catching the Tast moving youngsters.

Juveniles stayed in the vicinity of the nesting grounds for several weeks after
fledging, and both adults and juveniles ceme in To roost for the night. It was
possible to get close enough in the evening to see bands on the fledglings and
to ascertain that the young were from the Sunset Aquatic Regional Park colony.

Hatching spanned the period bebtween Jume 15 and July 23, with most of the eggs
hatched by June 28 {34 out of L2). Most chicks which gurvived were therefore
airborne by July 18. On the evening of July 19, fourteen banded fledged juve-
niles were seen on Tthe ternery with & group of adulbs, the largest nurber seen
at any cne time.

Forty-two chicks had hatched at this colony. Survival casleulasted on the number
of Tledged juvenlles seen was thus 33 percent.

On July 21, 1971, two days after the high count, & pair of juveniles from the
Sunset Aquatic Regional Park colony was seen resting on the bank of the San
Gebriel River, as noted above, and two days later were seen there again. Also
on that date, an unbanded fledged juvenile was seen at the Sunset Aguatic
Regional Park ternery, roocsting with banded young hetched there. After July 19
the number of juveniles at the ternery could not be used as an index for
survival.

Fledging success was Tfound to have a probable lower limit of 33 percent and upper
limit of 50 percent based on the number of chicks hatched. A more stringent
method of caleulating success of the breeding colony, based on the number of

eggs 1sid, was found to range between a minimum of 26 percent and a maximum of
40 percent.

Percentage of survivael was higher this year than last, even though the colony at
Sunset Aguatic Regional Park was one-third as large. Records for the 1970
breeding season show that 37 chicks reached the age of seven days or nore outl
of 110 hatched {34 percent) and 15 Ffledged juveniles were seen &t one time

{1h percent).
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Reports of survival from other least bern colonies in the United States have
shown considerable range. Hardy (1957) judged survival to be 3.6 percent of
eggs hatched in a small colony of Sterma albifrons athalassocs, the interior
subspecies at Bell Islanpd on the Misscurl River. Hagar {1537} observing the
eastern race, Sterna albifrons antillarum, at Plymouth Beach, Massachusetts in
1935-36, judged survival o be © percent. This figure was based on the number
of eggs laid and there was tremendous predation by rats before hatching

{7h percent of the eggs destroyed). Survival of hatchlings was 35 percent. Af
this colony 820 eggs were lsid, 212 hatched and 75 fledged. At Camp Pendleton,
California, a large cclony was under observation dn 1971. Bwickard (personal
communication 197L) counted 192 fledged juveniles on August 5, 1971 from a total
of 426 eggs hatched. This minimum survivel figure of 45 percent is the highest
reported.

Chemical Analysis of Eggs

Thin egg shell "syndrome” is affecting several specles of fish-eating birds,

and iz attributed to ingestion of pestieide residues. Based on hatching
success, this does not appear to be & problem for the Calilornis least tern

et this time. Abandoned eggs collected at two tern cclonies in 1970 and three
colonies in 1971 were checked for chemical residues by the California Department
of Fish and CGame (Table 3).

Significant amounts of pp'DDE were found in eggs in the Orange County area.
Wnat effects this may have on least terng is not known. Ho tissue samples were
available for analysis.

DISCUSSION
To nest successfully, the Californis least tern reguires three conditions;
1) a large expanse of open sand as a nesting area, 2} an estuary adjacent to

ternery with & good supply of small fish, and 3} freedom from disturbance and
predation.

Nesting Area

Birds' preference in terms of surface on which to nest is a sand~shell beach
with 1ittle or no plant cover. This was the character of nesting sites of
former colonles at Buntingbon Beach, Plays del Rey and Redondo Beach. In
searching out new breeding sites, leasl terns select the same kind of surface,
such a8 abt Sunset Aguatic Regional Park and Mission Bay, San Diegoe Cownty, for
examples. Bobth these sites are man-made, created with sand-fill.

Plant cover is not desired on & nesting site. In 1969 and 1970, least terns
nested on newly created sand-Till st Sunset Aqualbic Regional Park where there
was either little or no plant growth. By 1971 one section was overgrown with
ice plant and terns did not nest there. The rest of the nesting grounds is now
reaching the same condition, and will have to be cleared of vegetation if the
area is to be acceptable Lo terns in 1972.

In 1971, two small colonies were found in extremely unlikely places. One was
north of Warner Avemue east of Pacilic Coast Highway in Huntington Beach nex?t
to the main channel in Huntington Harbor. The cother was on the north side of
the Ban (ebriel River, just east of the Pacific Coast Highway in Long Beach, on
an sbandoned trash dump. Ground surface in both these places was dirt and

mich of it a fine powder made by cyclists. This kind of nesting terrain is
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unusval for terns, but they apparently chose 1t in preference to sandy spobs
where there was tco much plant cover, Chicks caught here had heavy encrustations
of dirt at the base of the upper mandible after the sallt glands began functioning.
They were alsc ‘grubby' in appesrance. However, some juveniles were fledged

from both these colonies despite severe obstacles. Alkali flats were chosen

as nest sites at Canp Pendleton, San Dlego and Bair Islard, San Francisco Bay.

In these instances, the nesting grounds were adjacent to waterways, and the
fishing apparently good.

Food Supply

The availability cf a food supply is probably the most critical factor in deter-
mining the cholce of nesting grounds. Least terns, the world over, neal very
close to a food supply (Merples 193k)}. For the Californias least tern it is
necessary to be adjacent to a saitwaber estusry. Extensive marsh in the Seal
Beach Navael Weapong Station £ills this need for birds nesting et Sunset Aguatic
Regional Park. TFlsewhere, the shallow, tidal mouths of the San Gabriel and
Senta Ana Rivers have substituted for natural estuariss. The birds, as noted
above, have nested on dirt where it ies next to & good fishing spot. Lvery
colony reported by Craig {1971} is located next to a welerway.

Disturbance and Predation

Protection from unwanted interference during the breeding seascn iz the third
necessity, and the easiest one Lo control. Pedestrians, cyclists and dogs all
disturb terns. Many pecple who wander onto an unfenced nesting ares and are
mobbed by terns think they are being sttacked without provocation and resct
accordingly by throwing stones or flicking beach towels at diving birds. This
is done through lgnorauce. Once the situation is explained, most people are
immediztely understanding snd cocperative. Fencing plug an educational program
through signs should be effective in most cases.

An ares which is to be made a sanctvary must be large enough to meet the birds'
needs. At Huntingbon Beach Stabe Park, a very small fenced sanctuary of sbout
an acre (200" x 250') was proven inadeguate. The colony there has declined
drastically; 10 years ago there were 51 nests (Davis 1968), in 1969 there were
25 (Collins personal communication), in 1970 I found 12 and this seagon only
eight pairsg nested. Hunbington Beach State Park gets heavy use by people
during the summer. Birds [ly off nests when people appraocch within 100 feet.
Huge weekend crowds keep the birds constantly agitated and off ftheir nests.
When the chicks begin wandering, they cannct go far in safety. Even under
these extremely adverse conditions, a few Juveniles have successfully fledged
every season. JIn 1971, six of the elght nests were cubside of the fenced
sanctuary. Temporary snow fencing was pub arcund two of them, bul the other
four nests were scattered over too large an ares to provect. Those chicks which
survived retreated into the sanctusry and more or less stayed there untvil
fledged. To be effective, the fenced and protected area at Huntington Beach
State Park should be guadrupled in size, at the very least. AL Camp Pendleton
in 1971 & protected sres 150' x 1500° wes ample for the needs of a large colony.

The high degree of success which the breeding colonies at Sunset Aguatic
Regional Park and Camp Pendleton achieved in 1§71, guite certainly reflect the
protection afforded these two sites. At Sunset Aguatic Regional Park, distur-
hance by people and dogs was minimal. Protective berm and fencing around the
area, surveillsnce by the Orange County Harbor Police, who maintain 2h-hour
watch at the park, and myself, were most effecitve in protecting the colony.
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At Camp Pendleton, the traditional nesting grounds on the beach have in recent
years been used for tank meneuvers. This spring, Swickard fenced en area 150!
x 1500%, using saw horses and rope, and posted signs. These measures secured
the colony against disturbance.

Presence of predstors on the nesting grounds will keep the terns from laying,
or do great damage to a colony if nesting does cccur. In 1571 & burrowing owl
prevented terns from nesting in one aree at Sunset Adustic Regional Park. Av
Mission Ray, L& pairs of wings of adult least terns were found in fromt of a
burrow of a Tamily of owls (Craig, personal communication}. It would be worth-
vhile o check all known nesting grounds for burrowing owls beflore the terns
arrive, and arrange for their removal. Hagar (1937) blamed rass for destroying
3/& of the eggs at Plymouth Beach, Massachusetts in 1935. There has been no
problen with rats at Sunset Aguatic Regiopal Park in either 1970 or 1971, at
least in terms of egg destruction. There are obviously predators which were
responsible for the diseppesrance of young chicks during the prefledging stage.
But the high survival rate this year would indicate that predaticn has not
seriously mensced the colony.
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