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Preface

The Osprey (Pandion haliaetus) is one of several raptorial species in
North America which has experienced a substantial decline in numbers
in the past 25 years to the point where some populations, especially
those in the northeastern United States, are faced with possible extinc-
tion. Prompted by this fact, a number of workers now are engaged in
research on this species.

Although several research conferences on raptors have been held in
recent years, none has been devoted solely to the Osprey. It was felt by
many that the current status of research on Ospreys was such that a
conference to exchange ideas among people working with the species
would be most beneficial.

An invitation was extended by the Department of Biology, College of
William and Mary in Williamsburg, Virginia, to hold the conference at
that institution 10-12 February 1972. Organizers of the conference
were Mitchell A. Byrd, College of William and Mary; John C. Ogden,
Everglades National Park; and Robert S. Kennedy, Louisiana State
University. A total of 75 persons registered for the meeting, with nu-
merous other persons attending parts of the sessions.

Three sessions of formal papers and three discussion groups were held
during the course of the conference. Twenty-six papers were presented
at the conference and several additional papers were submitted but not
read. The majority of the papers dealt with the present population status
of the species in various regions of the United States, Canada, and Mex-
ico. Other papers dealt with research techniques, the effects of environ-
mental contaminants on Osprey productivity, and various other aspects
of the biology of the species. The papers presented in this volume con-
stitute the record of these transactions.

The first of the discussion groups, with John C. Ogden as chairman,
dealt with the regional and continental status of the Osprey. It was con-
cluded from this discussion that a report on the present continental
status of the species would be highly desirable in the near future as
more data became available from different parts of the country.

ix



The second discussion group, chaired by Paul Spitzer, dealt with an
evaluation of present and future techniques of Osprey research. Con-
sideration was given to methods of pesticide analysis, the role of
trapping and color-banding, and the use of such techniques as egg and
young manipulation and the induction of second clutches.

The third discussion group, led by Stanley N. Wiemeyer, dealt with
the role of environmental contaminants on Osprey reproduction. One of
the major points which emerged from this discussion was the feeling
that some consistency should be achieved in the future in reporting
pesticide and polychlorinated biphenyl levels.

It was pointed out at the conference that the Osprey will receive
Federal protection as a result of the Migratory Bird Treaty between the
United States and Mexico in 1972. It was felt that an American Osprey
Committee could effectively function in drawing up a report on the cur-
rent status of the Osprey in this country and that such a committee
might also serve in an advisory capacity to the Bureau of Sport Fisheries
and Wildlife with respect to future work on this species. The committee
was elected at the conference and the regional representatives are as
follows: Chesapeake Bay Region—Mitchell A. Byrd, College of Wil-
liam and Mary, Williamsburg, Virginia; Southeastern States— John C.
Ogden, Everglades National Park, Homestead, Florida; Northeastern
States—Gilbert Fernandez, Dartmouth, Massachusetts; Great Lakes Re-
gion—Sergej Postupalsky, University of Wisconsin, Madison; and
Western States—James Koplin, Humboldt State University, Arcata,
California.

The consensus of those in attendance at the conference and of the
members of the elected Osprey Committee was that a second con-
ference should be organized at some future date in order to evaluate
further the status of the species.

MITCHELL A. BYRD
February 1972
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A Critical Review of Problems
in Calculating Osprey
Reproductive Success

SERGEJ POSTUPALSKY, University of Wisconsin, Madison

Abstract: This paper stresses the need for a minimum of two checks of each oc-
cupied nest per breeding season in Osprey population studies in northern tem-
perate regions. The first check, made during early incubation, is needed to
count the territorial population, and the second, taken just prior to the time
young are due to fledge, is needed to count the number of young raised. Both
are required for calculation of reproductive success of the population. The
shortcomings inherent in some other methods and the resulting biases are
discussed. A standard terminology for describing the status of nests and territo-
ries and standard criteria for calculating reproductive success are proposed.
Prcductivity of the population should be calculated on the basis of the total of
all territorial pairs, including the nonbreeders, because in raptor populations
adult pairs may refrain from breeding in some years, under a variety of condi-
tions.

Concern about decreasing numbers of many raptors in recent years
has stimulated numerous local and regional studies of breeding popula-
tions of these birds. These investigations range from quick sample
counts and inventories of breeding pairs to intensive research into vari-
ous factors influencing reproductive success and survival rates. The re-
ports presented at this conference offer a representative cross section of
the wide range of investigations now underway. The studies of breeding
populations and their reproductive success, unfortunately, are often
very difficult to correlate because of different methods of censusing, dif-
ferent criteria of evaluation, and different, often vague, terminologies
employed by various workers in reporting their findings. Even in studies
of the same species, such as the Osprey, the methods used may ultimate-
ly be determined by the type and accessibility of habitat, problems of lo-
gistics, time and resources available to the investigator, and perhaps by
other considerations. Nevertheless, it should be possible to establish
some uniform criteria and terminology for the evaluation and presenta-
tion of population and reproduction data so that meaningful com-
parisons with the results of other similar studies done elsewhere would
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ensue. The present paper is a revision and expansion of a previous
manuscript which was circulated to interested raptor workers. It in-
cludes a discussion of some of the problems encountered in studies of
breeding populations of Ospreys, a critique of some currently used
methods, and a proposal for standardized criteria and terminology that
could be used to compare different extensive studies with each other
and with more detailed studies as well.

GENERAL METHODS AND TIMING

A minimum of two visits is required to each occupied nest during
each breeding season. The purpose of the first check, made in early
spring, is to locate nests and to determine if they are being used by nest-
ing birds. The time of the first visit is chosen when all pairs are either in-
cubating or are about to lay eggs. For populations which are suspected
to be suffering from the thin-eggshell syndrome which leads to increased
frequency of egg breakage and nest abandonment (Ratcliffe 1967,
1970; Hickey and Anderson 1968), it is recommended that the first
check be made as early during the incubation period as possible.

The purpose of the second visit, made later in the breeding season, is
to determine the number of young raised. It is best to count the young
late in the season when they are large enough to be seen at a distance,
but not too late for them to have left the nest. This timing will also
minimize errors due to nestlings dying prior to fledging. The best time is
just prior to the earliest known fledging dates for the particular region.

It follows that the investigator must be familiar with the phenology of
the Ospreys’ breeding cycle and must know the dates when the principal
events of the cycle, such as arrival on the breeding grounds, egg-laying,
hatching, and first flights of the young, occur in the study area, and
visits must be timed accordingly.

I cannot stress sufficiently the importance of the early nest checks.
Pairs which fail to produce young for one reason or another may leave
their breeding territory, or at least not be in constant attendance at the
nest. Thus they may be missed during the late surveys. While it is some-
times possible to determine the status of an empty, unattended nest in
summer on the basis of presence or absence of droppings under it,
and/or fresh sticks or other fresh nesting material on top, this method is
by no means foolproof. Such evidence can usually show recent occu-
pancy of a nest; its lack, however, does not necessarily prove that a nest
is unoccupied that year. Heavy rains can wash off droppings, and the
amount of new nesting material added ‘may be but minimal. Also,
droppings alone tell little about the number of adults present. Because
the omission of a number of unproductive pairs from a census by con-
sidering their nests as “‘unoccupied” would seriously bias calculations of
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reproductive success, a spring check during early incubation is essential.

Some workers try to circumvent the need for the minimal two nest
checks by various attempts to relate the observed production of young
with what they conceive as the total number of available breeding terri-
tories. In absence of the early check, they lack a count of occupied
nests (= number of territorial pairs; see next section for definitions),
and so they try to relate the count of productive nests (defined below)
to the total number of known nests, which includes unknown propor-
tions of unoccupied, occupied earlier in the season and already
deserted, and still occupied nests. This procedure may work reasonably
well for cliff nesters, such as some Peregrine Falcon (Falco peregrinus)
populations, for which the number of breeding sites is limited to the
number of available cliffs with suitable ledges. While cliff sites tend to
be permanent, tree sites tend to be much less so. Osprey nests are par-
ticularly transitory because they are built on top of dead or dying trees.
Breeding territories, then, are recognizable by the presence of a single
nest structure or by several alternate nests belonging to a single pair.
But, because of the lack of permanence of tree sites, the counts of terri-
tories identified in this fashion are subject to the vagaries of weather and
the decaying process of wood, phenomena which bear no relation to
population trends. Let us look at a hypothetical example of possible
faulty conclusions.

An investigator makes a nest count in summer and from the number
and distribution of nest structures estimates 100 recognizable breeding
territories in his study area. Forty of these contain one or more young.
He then reports that 40% of the known territories are productive. What
he does not know is that only, say, 75 of the territories were occupied in
spring (i.e., there were 75 pairs). Now, assume that the following winter
is characterized by vicious gales and many of the nests are blown down.
In spring some, but not all, are rebuilt. Our friend returns in summer
and counts 80 nests. Of these again 40 contain young and he reports
that 50% of the territories are productive. His report implies an im-
provement in reproductive success, while in reality it has remained the
same, if there are again 75 pairs (which, of course, he does not know
because he wasn’t there to count them).

Let me stress here that the two-visit survey is minimal for reasonably
close calculations of reproductive success, although much better and
more accurate data can be obtained through more frequent visits. I have
been amused by several recent reports whose authors first cited my
earlier paper on the need for a two-visit survey, and then spent the
remainder of a paragraph explaining why they chose to check the nests
in their study areas more frequently. My purpose here is not to
discourage studies involving more frequent nest checks, but rather to
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warn my colleagues of some of the pitfalls of trying to make far-
reaching conclusions about reproductive rates and population trends
from single surveys late in the breeding season. In short, the first check
is needed to count the breeding population, the second is needed to
count the young raised; both are needed to calculate reproductive suc-
cess of the population.

The two-visit surveys have been working out adequately in northern
regions, such as the Great Lakes area and Canada, where nesting in all
pairs occurs more or less synchronously. As one proceeds farther south,
however, this method becomes less and less adequate because individual
pairs may differ by many weeks in initiation of breeding activity. Thus in
a given area one pair of Ospreys may be feeding large young, while its
neighbors may still be incubating (Ogden 1970, and this conference).
More frequent visits are needed under such circumstances to obtain a
full census of breeding pairs and to determine the reproductive success
of the population.

TERMINOLOGY

Clear definitions of terms used in describing the status of nests and an
explanation of how these are subsequently used are essential. While pe-
rusing papers and progress reports of inventories of raptor populations and
their reproductive success, one soon becomes aware of an urgent need
for some uniform system of terminology and presentation of findings.
This lack of standardization in reporting population and nest-success
data may lead to ambiguities and often makes meaningful comparison of
the data of different workers all but impossible.
Nest and Territory

The distinction between nest and breeding territory must not be over-
looked. A nest is a structure; a territory, for our purposes here, is an
area occupied by one mated pair of Ospreys during the breeding season
and it contains one or more nest structures. A failure to make this
distinction may give a false impression of population trends. For exam-
ple, a report that 40 “‘active” and 60 ‘“‘inactive” nests were found in a
given study area might be taken to imply a recent sharp decline in the
numbers of breeding Ospreys in the area. Such misunderstandings may
result from an author’s failure to state clearly that some pairs of Ospreys
may have more than one nest, and that therefore at least some of the
“inactive’ nests reported in reality represent second and third nests of
extant pairs rather than abandoned territories with no birds. While all
this may be common knowledge to raptor workers, let us bear in mind
that our reports may (hopefully) be used by natural resources managers,
who themselves may not be too well acquainted with raptor behavior.
The total number of nest structures present may be of limited interest in
a population study (although it may be important for protective
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management purposes); it is the number of breeding territories which is
important.

But how does one identify which nest structure belongs to which terri-
tory? In areas where the Osprey population is sparse, with but one pair
per lake or per swamp, this is not too difficult. Alternate nests (defined
below) within one territory usually are situated more or less close
together: in adjacent trees or snags, in the same stand, or near the same
small body of water. It is in aggregations of breeding pairs, such as we
find on some reservoirs, where several pairs may be nesting within 100
yards of each other, that the assignment of nests to territories becomes
difficult. Here again, the early nest check helps. Long-term studies over
several breeding seasons may ultimately reveal which nest belongs to
which pair. But let us not spend too much time and effort pondering
about the ownership of a few of these supernumerary nests. It does not
really matter much whether a given empty nest, situated halfway between
two occupied nests, belongs to the one or the other pair; what is more
important is whether it is the nest of yet a third pair which has since dis-
appeared and therefore indicates a recent decline in the population. Un-
less you were there in previous years, or have a reliable report, you may
never learn the answer to that question, and no amount of fancy statisti-
cal manipulation of your nest-count data will tell you. Some investiga-
tors try to use the proportion of occupied nests to the total number of
nests known as an index to population trends. I distrust such conclusions
for reasons discussed in the preceding section: one good windstorm can
wipe out a large number of nests; and if each pair rebuilds, we would
find a greater proportion of occupied nests, and fewer nests per territory
in the following year; and these changes would bear no relation to popu-
lation changes.

Definitions

The terms relating to status of nests and breeding territories are
defined as follows.

Nest or eyrie: a structure built by the birds for purposes of breeding.
Breeding territory: for the purposes of Osprey population studies this is
defined as an area containing one or more nest structures within the
home range of one mated pair of birds. Such nests were presumably
built by the same pair (or its predecessors) and are typically situated
more or less close together and farther from nests of other pairs.

Occupied nest: any nest at which at least one of the following activity patterns
was observed during a given breeding season:

a. Young were raised;

b. Eggs were laid;

c. One adult observed sitting low in the nest, presumably incubating;

d. Two adults present on or near the nest, regardless of whether or not it had
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been repaired during the season under consideration, provided there is no
reason to suspect that this pair had already been counted elsewhere;

e. One adult and one bird in immature plumage at or near a nest, if mating
behavior (display flights, nest repair, coition) was observed. This categ-
ory is not applicable to Ospreys because immatures are indistinguishable
in the field, and one-year-old Ospreys do not return to the breeding areas
anyway (Osterlof 1951; Henny and Wight 1969); it is included here
because of its theoretical possibility;

f. A recently repaired nest with fresh sticks (clean breaks), or fresh boughs
on top, and/or droppings and/or molted feathers on its rim or underneath.
Such evidence is acceptable especially late in the season in cases where no
earlier check was made. Frustration nests (defined below) should be
excluded if the original nest is counted, or vice versa.

All of the above observations indicate the known or inferred presence of one
mated pair of Ospreys associated with a nest. Usually, I do not recognize the
following observations as sufficient evidence for an occupied nest:

g. One adult near an empty, unrepaired nest;

h.  Two adults seen together during the breeding season with no known nest.
Such a pair may be included in a population count, but probably should
not be used in calculations of reproductive success, unless one has reasons
to believe that this pair’s nest may have been overlooked.

Occupied breeding territory: consists of one occupied nest and may also
include one or more alternate nests (defined below). Since, by defini-
tion, there can be only one occupied nest per occupied territory, these
two terms can be used synonymously in censuses of breeding popula-
tions and in calculations of reproductive success.

Unoccupied breeding territory: a nest or group of alternate nests at
which none of the activity patterns diagnostic of an occupied nest were
observed in a given breeding season.

Active nest or active breeding territory: a nest in which eggs have been
laid. This category is more restrictive than occupied nest and should be
used only in studies where sufficieat early observations have been made
to determine for each nest whether or not eggs have been laid. In short,
this category excludes nonnesting territorial pairs (called
“housekeepers’ by some) and subadults (2-year-old Ospreys?) which
may go through the early motions of nest-building and mating but
without laying eggs. Activity patterns (a), (b), and, in most cases (c)
above are signs of an active nest.

Productive or successful nest: an occupied nest from which at least one
young fledged during the breeding season under consideration, or, if ac-
tual fledging was not proven, an occupied nest in which at least one
young was raised to an advanced stage of development (i.e., near
fledging age).
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Unproductive, unsuccessful nest, or nest failure: an occupied nest from which
no young fledged due to any cause:
a. No eggs were laid;
b. Eggs were destroyed or otherwise lost;
c. Eggs failed to hatch (due to infertility, embryonic death, or abnormal
development);
d. Young hatched, but are known to have died prior to fledging.

One should also distinguish between what might be called ‘“‘natural
mortality” of nestlings and ‘“‘unnatural or accidental mortality.” The
latter category would include deaths due to direct human intervention,
such as shooting, disturbance, or removal of young (from nests on chan-
nel markers, for example; see Reese 1970), and also deaths due to ac-
cidents, such as the crash of a nest. These and similar instances should
be noted either in the text of the report or in footnotes to tables. This
information may be needed to identify pairs capable of reproduction
which may be singled out for special management measures designed
for their protection.

Alternate nest: one of several nest structures within the breeding terri-
tory of one pair of birds, including frustration nests (defined below). Al-
ternate nests may be on adjacent trees or stubs, or in absence of suitable
support nearby, as much as a mile or more apart.

Frustration nest: an alternate nest built, repaired, or frequented by a
pair of birds subsequent to a nesting failure at another nest during the
same breeding season. The habit of building frustration nests is well
known in the Osprey. After failing to rear young in its original nest, a
pair may build a new nest later in the season, but as a rule, will not re-
lay in it, this undoubtedly due to the advanced season. The term frustra-
tion nest then describes a special case of alternate nest. No implication
relative to the psychological state of the birds is intended. The following
year the Ospreys may use the frustration nest or their old nest.

Under certain circumstances, Ospreys may be seen at more than one
nest within their breeding territory during the course of a single breed-
ing season. In addition to the phenomenon of frustration nests described
above, a pair may inspect one structure just prior to laying, and then
nest in another structure nearby. In such instances only one nest should
be considered as occupied. Obviously, it is important to consider this
habit if errors due to counting the same pair twice are to be avoided.

This classification of nests and breeding territories has proven useful
in extensive Osprey population studies in which but brief and infrequent
visits are made during each breeding season. It is applicable to studies of
other raptors also.
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REPRODUCTIVE SUCCESS

The term ‘“‘nesting success’” as understood by most ornithologists
refers to the percentage of eggs laid which develop into fledging young.
In this sense it is not very useful in such extensive studies as some of the
Osprey surveys because the number of eggs laid often remains undeter-
mined. Due to this lack of clutch-size data, other criteria must be used
to evaluate reproductive success.

1. The proportion of occupied breeding territories (for which the
outcome of nesting is known) which produce at least one young to an
advanced stage of development. This statistic, expressed as a percent-
age, may be referred to as percent occupied nests producing young, or,
more briefly, as percent nest success, or simply, nest success.

2. The mean brood size (of large young or at fledging), expressed as
the number of young per productive nest.

3. The productivity of the population, expressed as the number of
(fledging or large) young per occupied nest with known outcome, is
equivalent to the number of young produced per territorial pair and
describes the annual production relative to the size of the population of
potential breeders; it is the reproductive rate. Productivity, as defined
here, is the product of nest success and mean brood size and is an im-
portant datum in population dynamics.

Recently, Henny and Van Velzen (1972) recommended that
reproductive success should be calculated on the basis of active nests
only, thus excluding from consideration pairs which do not lay eggs, the
so-called ““housekeepers.” They further suggest that the nonbreeding
segment of the territorial population may be identical to the subadult
(2-year-old) segment. I disagree and maintain that reproductive success
should be computed from occupied nests, that is, the entire territorial
population of potential breeders, a view also expressed by Hickey
(1969:28). My reasons follow.

1. The suggestion that the nonbreeding pairs are identical to the sub-
adult (2-year-old) cohort has not been proven, and is almost certainly
false. Granted that an unknown proportion of these ‘“‘housekeepers”
may well consist of subadults, I find the inherent implication that all
adult Ospreys breed hard to accept. Failure to lay eggs is a response to
environmental conditions which are less conducive to breeding, and
therefore should be considered as another type of nest failure. In tem-
perate regions, undisturbed raptor populations tend to remain stationary
from year to year (Wendland 1953; Craighead and Craighead 1956;
Hickey 1969:29-32), and may respond to changing prey availability by
variable proportions of breeding attempts (Southern 1959; Rusch et al.
1972). Weather conditions at the onset of the breeding season may also
depress the proportion of pairs which initiate a clutch. A sizable non-
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breeding cohort of adults has been reported in population studies of
species in which immatures can be identified readily in the field: the
Red-tailed Hawk (Buteo jamaicensis) (Orians and Kuhlman 1956;
Craighead and Craighead 1956; Hagar 1957, Luttich et al. 1971), and
the Bald Eagle (Haliaeetus leucocephalus) (Postupalsky unpubl. data).

2. The possibility that organochlorine pesticides may be involved in
an increased incidence of nonbreeding in raptors, as observed in the
Golden Eagle (Aquila chrysaetos) by Lockie and Ratcliffe (1964), is
another case for considering nonlaying pairs in calculations of reproduc-
tive success. Reduced egg production has been reported in several con-
trolled studies with gallinaceous birds involving dosage with or-
ganochlorines, PCB’s, and mercury (Genelly and Rudd 1956; Baxter et
al. 1969; Dahlgren et al. 1972; Bitman et al. 1972; Fimreite 1971). To
omit and ignore pairs which fail to lay eggs in field studies of toxic-
chemical effects on reproduction would prejudice one’s results.

3. In most of the extensive surveys based only on the minimum of two
visits per nest, the exact total of pairs actually producing eggs cannot be
determined. The only datum available is the number of occupied nests,
a more inclusive quantity than the number of active nests. To insist that
all reproductive-success determinations be based on active nests only
would invalidate the results of most, if not all, extensive surveys done to
date. Often these are the only practical studies that can be achieved
with the available resources.

While I agree with Henny and Van Velzen (1972) that ideally the
“half-hearted” nesting attempts of subadult Ospreys should be excluded
from calculations of reproductive success, I submit that a substantial
proportion of the observed “housekeepers” are adults. Unfortunately,
subadult Ospreys cannot be identified in the field. This problem
emphasizes the need for more information on the behavior of 2-year-old
Ospreys and on the age at which Ospreys breed for the first time. This
could be accomplished by color-banding large numbers of nestlings a
different color each year to identify year-classes. There is no reason to
believe that all Ospreys start to breed at the same age. In the White
Stork (Ciconia ciconia), for example, a few individuals first nest when 3
years old, most do so at ages 4 and 5, while a few may not breed until 6
years of age (various authors, reviewed by Lack 1966). From my own
studies to date, I cannot show conclusively that 2-year-old Ospreys of
either sex breed, but I know that some 3-year-olds do (successfully),
and have one record suggesting that some may not breed until age 5.
For life-equation calculations we need to know at what age most Os-
preys start to breed. In the meantime, in the absence of more conclusive
data, we have to assume that this occurs at age 3.

Let me emphasize that the methods, criteria, and terminology out-
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lined in this paper are not to be viewed as a straight-jacket into which
all data are to be forced. Rather they should serve as a conceptual
framework into which most data can be organized. Obviously, not all
observations will fit the categories listed. The latter can be further sub-
divided and added to. We may regard the results of the minimal two-
visit survey, relating the ultimate total production of young to the
number of territorial pairs, as a bare skeleton upon which the ‘“‘meat”
obtained on additional visits can be attached. Regardless of how
detailed your study (the amount of ‘“‘meat”), the basic information (the
““skeleton”) should be in a form to make it comparable to all similar stu-
dies of the Osprey and other raptors. Additional data of considerable in-
terest in studies of reproductive success include: the proportion of non-
breeding pairs in the population; total number of eggs laid; mean clutch
size; number (and percent) of eggs hatched; number (and percent) of
nests in which eggs hatched; number (and percent) of eggs lost to any
given cause; number (and percent) of young actually fledged (expressed
relative to the number hatched and to the number of eggs laid); and
mortality at different stages of the breeding cycle. Territories attended
by single adults should also be recorded. Their frequency and the time it
takes to replace lost mates may permit us to make inferences about
recruitment rates and the status of a population.

A combination of an extensive survey covering a large area, such as
an entire state, province, or district, with an intensive study of one or
more small sample areas, such as a single county, reservoir, lake, or
group of lakes, may well be the best way of handling studies of
reproductive success of the Osprey over much of the range of this spe-
cies.
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