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ABSTRACT

The size of the year 2000 summer population of grey seals in the Baltic Sea was estimated using
identification of individual seals from photographs taken over a period of 6 years. Photos were
taken at haul-out sites within all major grey seal areas in the semi-closed Baltic Sea. The point
estimate is 15,631, based on a value for annual survival of identification markings of 0.904, which
was also estimated using the photo-id data, with 95% confidence limits from 9,592 to 19,005.
The estimate is subject to an unknown, but probably small, upward bias resulting from the risk
of failure to identify all individuals in the photographs used for the analysis. An estimated min-
imum of 15,950 seals were counted at moulting haul-outs in 2003, which thus provides a low-
er bound on the population size in that year and represents 80% of the photo-id point estimate.
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INTRODUCTION

Grey seals (Halichoerus grypus) were once
numerous in the Baltic Sea. A mere 100 years
ago the population was estimated, based on
hunting statistics, to comprise approximate-
ly 88,000 to100,000 animals (Harding and
Héarkonen 1999). In the late 1970s the popula-
tion was reduced to less than 4,000 individu-
als due to intense hunting and a disease com-
plex caused by environmental contaminants,
mainly PCBs and DDTs (Bergman and Olsson
1985, Bergman 1999). During recent decades
the situation has improved and annual counts
during moult indicate a growth rate of approxi-
mately 7.5% a year (Karlsson and Helander
2005) for the Swedish part of the population.

The current monitoring strategy was devel-
oped during the 1970s when the situation for
Baltic grey seals was critical and manage-
ment was directed to saving the few seals that

remained. The main focus of monitoring at
the time was towards the detection of popula-
tion trends while the actual size of the popu-
lation was of lesser interest. With a growing
grey seal population and a management strat-
egy that includes culling as a way to mitigate
seals/fisheries conflicts, there is an increased
need to estimate the size of the population.

A photo-identification (photo-id) survey was
initiated in 1994, with the aim of studying grey
seal movements (Karlsson et al. 2005). This
photo-id project was expanded to derive an ac-
curate estimate of grey seal population size in
the Baltic, based on mark-recapture techniques.
Seals were photographed during the summer at
all major haul-out sites in Swedish waters from
1995 to 2000 (Fig. 1). The survey was extended
to Estonia in 1998 and Finland in 2000 so that
almost all major haul-out sites in the Baltic were
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Fig. 1. Grey seals
haul out in large
numbers to moult
in May and early
June in the Baltic
Sea. (Photo: Torkel
Lundberg)
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visited during the final year of the study. Photo-
id uses re-sightings of animals with distinctive
markings as a method for studying population
size and movement patterns as well as other
population parameters. The technique is non-in-
vasive and relatively inexpensive, compared to
traditional tagging methods, and has been used
successfully on several whale, dolphin and seal
species (e.g. Biggs 1982, Clapham and Mayo
1990, Wiirsig and Wiirsig 1997). In this paper
we use the results of the photo-id survey to esti-
mate the size of the Baltic grey seal population.

METHODS

Study Area

Figure 2 shows the location of summer haul-
outs selected for photography of individual
seals. To accommodate the effects of varia-
tion in sampling intensity, data from the haul-
outs were grouped into 7 geographical areas:
A to G. The division into areas was based on
proximity of the haul-outs on the assumption
that seal movement between nearby haul-outs
would be sufficient to negate the effects of
any residual variation in sampling intensity.

Data collection

Each major haul-out was visited by boat
2 to 3 times each summer (June - Septem-
ber) with at least 2 weeks between succes-
sive trips to avoid temporal autocorrelation in
the data. Data from grey seal haul-outs in the
North Sea (Hiby 1994) show that the re-sight-
ing frequency levels out after approximately
10 to 14 days. Most photographs were ob-
tained in June, July and August, i.e. well after
the breeding season and completion of moult.

All photographs were taken from the shore us-
ing a 35-mm (Canon EOS-1) still camera with
an 840 mm auto focus lens and monochrome
film (Ilford XP-2 or Kodak T-max). Each haul-
out was approached slowly using an inflatable
boat, causing the seals to move into the water but
avoiding excessive disturbance to prevent seals
from being chased away. The average group size
was 67 seals. The photographer was dropped off
on the islands while an assistant acted as a decoy
by driving the boat along the shore (on the left
or the right side of the photographer). This kept
the seals interested and hence close to shore
allowing the photographer to obtain (left and
right) profile views of the head and neck area.

Grey seals in the North Atlantic and the Baltic
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Profile photographs were taken of all “well-
marked” seals in the group. Well-marked seals,
mostly adult females, have a distinct black
and white pelage pattern that could be recog-
nized from a subsequent photograph. Frame
numbers showing opposite sides of the same
seal were noted. During data analysis left and
right profiles were treated separately but any
seal in the catalogue that was known from
both sides provided a release for both analy-
ses (left and right), even if only 1 side was
photographed on any subsequent occasion.

Image processing

Each set of frames exposed during a visit by the
photographer to a single haul-out constitutes a
“session”. The frames within each session were
inspected to identify the number of individu-
als photographed from left and right sides and
1 or more acceptable frames of each individual
scanned into a desktop computer. The resulting
digital images were then processed to extract a
sample of the pelage pattern on the side of the
seal’s head to act as a “fingerprint”, uniquely
identifying the seal when seen from that side.

s subareas for analyses.

The sample area, or “cell”, is a roughly rectangu-
lar region extending from the ear to the eye and
down to the average position of the waterline
(Fig. 3). Acceptable frames were those taken at
no more than 65° from square-on to the cell in
which at least 50% of the cell area was visible.

Purpose-written image-processing software was
used to extract the samples via a 3-D surface
model of the head and neck to compensate for
differences in viewpoint and posture (Hiby and
Lovell 1990). This allowed similarity scores
between samples extracted from photographs
of the same side to be calculated even when
the camera angles and postures were differ-
ent. All pairs of samples were compared using
a program that allowed for error in position-
ing of the sample region of up to 50% of the
width of the region. Those pairs of photographs
that generated a correlation above a pre-set
threshold were then inspected by eye to con-
firm that they represented a likely match. The
final inspection stage ensured that the risk of
falsely matching photographs was negligible.
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Fig. 3. The 3D surface model has been orientated, scaled and shaped
so that the positions of the model nose, ear and eye coincide, as closely
as possible, with those visible on the photograph and the margins of
the model coincide with the margins of the head. The cursor shows the
position of the ear on the model, which is just to the rear of its position
on the photograph. A specified region of the model defines the region of
the head and neck from which the pattern sample is to be scanned. The
horizontal line near the bottom edge of that region prevents the scan
from extending past the edge of the frame or below the waterline.
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The end product of the pair-wise comparison of
all photographs is the assignment to each photo-
graph of an “animal number”. Because the risk
of falsely matching photographs of different
animals is negligible, all photographs to which
the same animal number has been assigned
show the same animal. Whether different animal
numbers definitely represent different animals
depends on whether they are assigned to photo-
graphs that show the same side, whether those
photographs were from the same session, the
quality of photographs and the distinctiveness
of the pelage pattern. Based on photographs that
were “acceptable”, as defined above, the cata-
logue contains 4,879 animal numbers and hence
a maximum of 4,879 different animals are repre-
sented. Of these, 1,797 are assigned to animals
photographed only from the left, 2,301 to ani-
mals photographed only from the right and 781
to animals photographed from both sides. Thus
if all the animals photographed only from the
left also appear in photographs from the right
the number of animals represented by the cata-
logue is 3,082. If the photographs are restricted
to those in which at least 90% of the cell area
is clearly visible and covered in distinctive
markings, to be certain that they represent dif-
ferent animals, then the minimum number of
animals in the catalogue is reduced to 1,671.
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Leave program
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Moment estimators of population size

A common framework for modelling the re-
capture frequencies of individual tags (such as
bird rings) can be accessed by presenting re-
sults as a matrix of individual “capture histo-
ries” (Lebreton et al. 1992). A capture history
matrix provides a powerful and convenient way
to analyse resighting frequencies, particularly
since it can be analysed using software pack-
ages such as MARK (White and Burnham
1999) that provide access to a wide variety of
models. Unfortunately, existing capture history
models do not allow for individual identification
based on photography of different body regions
(for example, left and right sides of the head),
nor do they incorporate the effect or errors in
identification. We therefore adopted an ad hoc
procedure, based on summing pairs of “release”
and “recapture” samples, to derive moment es-
timators of local and total population size using
a method suggested by Darroch (1961). Basi-
cally, the seals photographed in each area A to
G on each sampling trip were treated as release
samples to be “recaptured” (i.e. photographed
again) during a later session in the same or a dif-
ferent area. The size of the population using the
haul-outs in each area in the final year (2000)
was then estimated by summing the results
of all of those release/recapture experiments.

Grey seals in the North Atlantic and the Baltic



The release/recapture approach allowed prob-
lems relating to viewpoint, pattern and photo
quality to be addressed in a relatively simple
way. First some substandard photographs were
removed from the data by specifying the maxi-
mum allowable angular deviation of the camera
axis (65° from the normal to the pattern cell) and
the maximum allowable percentage of the cell
obscured (50%). That selection was therefore
independent of pattern quality and involved no
potential bias to particularly well-marked ani-
mals amongst the photographed seals. It result-
ed in a set of “include” photographs showing ei-
ther the left or right side of the head. A subset of
those photographs was then defined as “tagged”,
i.e. with less than 10% of the cell obscured and
showing distinctive pattern in an image of suf-
ficient quality to ensure that it would match to
any later “include” photograph of that seal taken
from the same side. That selection did therefore
depend on pattern quality but was only used in
constructing the release samples. As the recap-
ture samples were not restricted to photographs
of the tagged type the resulting population esti-
mates were not biased to well-marked animals.
Thus, each left side “release” sample consisted
of animals photographed in a given area during
a given trip for which at least 1 tagged left side
photograph existed from that or a previous trip.
Right side releases were defined in the same
way, exploiting the left to right matches re-
corded in the field to maximise the size of each
release sample. As the recapture samples were
not restricted to tagged photographs matches
between photographs in the same sample could
have been missed by the automated comparison
procedure. Thus, to ensure that the sizes of the
recapture samples were not overestimated, each
was restricted to a single photographic “session”
which, as described previously, had been sub-
jected to careful pair-wise comparison by eye.
In the following notation “s” indexes the pho-
tographic trips undertaken to the Baltic grey
seal haul-outs throughout the 1995 to 2000 pe-
riod and “#” the sessions during year 2000 only.
“” and “4” index the 7 subregions (A to G) il-
lustrated in Fig. 2 and “v” indexes the side of
the head shown in the photograph, left or right.

N,y  the number of seals which were pho-

tographed during trip s in area i, either from

side v or only from the other side but known to
have been previously photographed from side v.
Ny the number of seals photographed from
side v during a subsequent photographic session
t in area j.

Rl.j, sty  the number of seals which were photo-
graphed on trip s in area i, either from side v or
only from the other side but known to have been
previously photographed from side v, and photo-
graphedagainfromside vduringsession¢inarea;.

If we ignore for the moment any losses of marked
seals over the period s to ¢ then the expected
number of recaptures, Rij,st,v , is given by:

E[R Nigoma N/ Pi (1)

ij,st,v] “Nisy st j ity

where E[x] denotes expectation of x, Pj , 1s the
number of seals in area j at the time of session
t and My o is the probability that a seal photo-
graphed in area i on trip s will be in area j at the
time of session . This is because N, ; , m;; , is
the expected number of seals photographed in
area i on trip s that were in area j at the time of
sessiontand N; /P, tlS the fraction of seals in
area j that were mcluded in the recapture sample.

Because we are assuming no losses over the pe-
riod s to ¢, the sum over j of m;; , must equal 1
for all i (for example, a seal photographed in su-
bregion B during a trip in 1997 must be in one or
other of subregions A to G at any given time in
year 2000). Thus if we rearrange equation (1) to
leave just m;; o on the right of the equation and
sum over the equations for areas j we obtain:

is N ) By = 1 )

for each area i. Replacing E[R] by R, this
linear system of equations can be solved
to provide moment estimators for the lo-
cal population sizes P;,. Over a given inter-
val s to ¢, these are also the maximum like-
lihood estimates for PJJ (Darroch  1961).

%j (E[ Ryj,) /N,

The local populations sizes Pj are the “param-
eters of interest” here because they sum to form
the total population size for grey seal in the Baltic
and also provide an estimate of how that popula-
tion is distributed (during the summer months).
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More importantly, estimating local population
sizes avoids bias in the total population estimate
that would otherwise result from geographi-
cal variation in the proportion of seals photo-
graphed. The quotient N’ it / Pj , makes no ref-
erence to the release area i so its use in equation
(1) rests on the assumption that the probability a
seal is resighted is the same for all seals in area j
at that time, irrespective of where they were pre-
viously. For a sufficiently small subregion that
assumption is reasonable, both because varia-
tion in effort is reduced and because population
mixing is increased within a small area. But the
inevitable variation in sampling effort combined
with uneven mixing over the Baltic as a whole
means that the probability a seal is resighted is
certainly not the same for all seals in the Bal-
tic. A population estimate based on treating the
Baltic as a single region would be biased, down-
wards if geographical variation in sampling ef-
fort was consistent between years and upwards
if the sampling pattern changed over time.

The system of equations (2) refers to a sin-
gle trip/session pair s and ¢. There are a large
number of such systems, none of which could
be solved individually because to do so would
require release of seals from every area on trip
s and an effort to recapture seals in every area
during session ¢ (to avoid any zero denominators
on the left hand side of each equation). To ob-
tain a solution the equations (1) were first added
over different trip/session pairs and over left and
right sides so that the sum of products of release
and recapture samples X X, N; N iy Was
much greater than zero for each of the 49 area
pairs. Only trip/session pairs with recapture ses-
sions in year 2000 were used because that was
the only year in which all areas were sampled.
The equations were then rearranged, as before,
to form a single set that was solved for the lo-
cal population sizes in the summer of year 2000:

z“j (E[szst Rij,st,v] / z“\/z“sz‘ Ni,s,vN)j,t,v) Pj,2000 =1
A3)

for each area i.

To allow the parameters m ij.st and Pj , to be tak-

en out of the summation meant assuming that
the local population sizes were constant over the

sampling period in year 2000 (which seems rea-
sonable given that sampling was restricted to the
summer months) and that the probabilities My o
were constant at m;; over any release/recapture
interval. The latter assumption is reasonable if
the probability of a seal moving from one area
to another is determined by its preferences for
each area and those preferences remain constant
within the summer season and from one summer
to the next. It also requires that the minimum in-
terval between s and t is sufficiently long for the
seal to have moved from its previous location
so that its new location depends only on those
preferences. If the kth of the P seals in the total
population has constant preferences p;; and Py
for areas i/ and j then m; would equal Z; p;; Py
/P; independent of the time interval. Whether
that is a reasonable model for seal movements
during the summer is not known but with all
areas sampled in only 1 year we did not have
the option of letting the movement probabilities
change over time. The only simple alternative,
as used for example in the classified models
available via program MARK, is to use Markov
transition probabilities, where the movement of
an animal to a new location depends only on its
current location, but that is not appropriate for
mammals that become familiar with certain ar-
eas during their development. In the preference
model movement probabilities would depend on
an animal’s previous locations (although those
are not used in the current analysis) but are in-
dependent of the time interval between release
and recapture; in a memory-less Markov model
the probabilities would be independent of previ-
ous locations but would depend on the interval.

The concept of a seal being “in” a particular
subregion has not been defined and is a rather
artificial one for seals that can move freely be-
tween haul-outs at any time of the year. One
way to define it is to consider any moment in
the cycle of successive haul-out and pelagic
phases, such as the moment a hauled-out seal
returns to the water. Then the number of seals
“in” a region at a given moment could be con-
sidered as the number that will next return to
the water from any haul-out in that region (as
opposed to other regions of the study area
and irrespective of whether the seal is already
hauled-out at that moment or has yet to do so).

Grey seals in the North Atlantic and the Baltic



Losses from the population

There will inevitably have been losses from the
marked population over the 6 years of sampling.
If the size of the losses is known their effect
can be simply incorporated by a proportional
reduction in the expected number of recover-
ies. Thus in the denominators in equation sys-
tem (3) we can include within the summation
a term S, 4(s.t) where d(s.9) is the time interval in
years from trip s to session 7 and S, is the prob-
ability of survival per year over that interval.
Here “survival” means survival of the mark-
ings that permit identification. Losses could be
of 3 types: permanent emigration of marked
animals, death of marked animals and loss of
some markings as young males become sexu-
ally mature and the pelage darkens. In the case
of the Baltic we assume it is safe to ignore the
first source of loss because of the small number
of grey seals ever seen beyond the 7 regions.

To estimate the losses due to the remaining 2
sources we calculated Jolly-Seber (Seber 1982)
estimates of survival from the Swedish haul-out
data. The releases and recaptures were combined
over the different haul-outs with left-side releases
in a given year defined as animals photographed
in that year for which a left-side tagged photo-
graph was available in that or any previous year
(right-side releases being defined similarly). The
recaptures corresponding to each release sample
were then the total number or resightings oc-
curring at any time following the release year.

Selection by quality of pattern

Many seals in the population are not well
marked and cannot be identified individu-
ally using photography of the head and neck.
It would be inefficient to take photographs of
such animals and probably impossible to pre-
vent a photographer selecting well marked
seals in a group to photograph, particularly
if the group was large and time was short.

To correct for this prior selection of well-marked
seals by the photographer, marking qualities
were recorded in 2 ways. Firstly a large number
of seals selected randomly at the haul-outs was
scored by the photographer as having “good”,
“medium” or “bad” markings. The proportions
falling into each category were averaged over
the different haul-outs, weighting by the number

of seals counted at each haul-out. Secondly the
photographer allocated, into the same categories,
asample of the seals actually photographed. That
scoring was done in the field, not by later exami-
nation of the photographs, to avoid confounding
the effects of pattern and photograph quality.
The photograph scores were included in the da-
tabase so that when photographs were selected
to form the release and recaptures samples the
proportion of seals in those samples that were
in each of the 3 categories could be determined.

The marking quality scores were used to derive
a correction factor for selection by the photogra-
pher in favour of well-marked seals. Let Cp Gy,
and C, represent the proportions of seals with
good, medium and bad markings in the whole
population. Let Cgi Cmi and ¢, ;represent the pro-
portions amongst the releases from area i, ¢ ’g g
Cm, j andc’, Jj the proportions amongst the recap-
ture samples in area j. Returning to equation (1),
the expected number of recaptures, Rl-j, st.y» AN
be stratified by pattern quality by multiplying
Nisu N j ;v and Pj’ , by the appropriate values of
¢, ¢’ and C. For example, the expected number
of “good” recaptures depends on the number of
“good” releases, the number of “good” seals in
the recapture effort and the number of “good”
seals in the population. If these equations are
now summed over the 3 categories, the total
expected recaptures in all categories is restored
on the left hand side, and the proportions on
the right appear as the quotients i€y J/Cq
summed over the quality category g to gener-
ate a correction factor Ql.j for each pair of areas.

False negative errors in pattern matching

Grey seal patterns in the good or medium cat-
egory are sufficiently complex for the risk of
false positive or false negative matching errors
to be negligible when photographs showing the
entire head and neck region are inspected visu-
ally. When comparison is based on a small su-
bregion, as required for the automated match-
ing software, the risks can still be minimised
by using only those photographs in which that
subregion contains a sufficiently complex pat-
tern, i.e. only tagged photographs. But restrict-
ing both release and recapture samples to tagged
photographs would have biased the resulting
population estimates so selection of photo-
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by darkening of the pelage markings (in male seals) as well as mortality. The data are from Swedish haul-out sites only. Statistics with
1995
1996
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marked animals alive in year i that were not seen in that year.

Table 1. Statistics used to estimate annual survival from year /-1 to year i of identified seals. Identified seals may be lost from the catalogue
sybscripts “L”and “R” refer to seals known from the left and right respectively by year i and are summed to give the unsubscripted statistics.
r represents the number of recaptures in year i, m the number of releases in year i and » the number or recaptures of those releases in sub-

sequent years. z is the number or recaptures of releases prior to year i that were not seen in year i. Thus

year i

graphs for the recapture samples had to rely
on objective measures of photograph quality.

Some matches between seals in the release and
recapture samples may therefore have been
missed. False positive matches were eliminated
by checking all potential matches by eye, using
the original photographs that showed the entire

head and neck region. Overestimating the size
of the release samples was avoided by restrict-
ing them to tagged photographs. Overestimating
the size of the recapture samples was avoided
by restricting them to photographs taken dur-
ing a single session and comparing all photo-
graphs within a session by eye. But release to
recapture photograph pairs that, on automated
comparison, scored less than a threshold value
were not subject to any further checks. There
was therefore a risk that a pair of photographs
of the same animal would not score above the
threshold value and hence the presence of a re-
leased animal in the recapture sample be missed.

If the size of that risk were known its effect on
the population estimates could easily be elimi-
nated by a proportional reduction in the expect-
ed number of recaptures, just as for the losses
from the marked population. Furthermore, given
a sufficiently large sample of seals identified in
a completely independent way, the risk of fail-
ing to identify a release via its pelage markings
would be simple to evaluate. In the absence of
such a sample we attempted to generate a test set
using instances where a number of photographs
showing the same seal in different postures and/
or from different angles had been registered from
the same session and where a seal was identi-
fied on 3 or more dates. Both those instances
provide a number of photograph pairs exceed-
ing the minimum number that must have been
matched in order to provide the identification.
The proportion of those additional pairs that fail
to exceed the threshold value when compared
by the software provides a measure of the risk
of a false negative error for a photograph pair.

The risk of failing to identify a released seal in
a recapture sample then depends on the number
of photographs by which it was known as a re-
lease and the number by which it was known as
a member of the recapture sample. If, for exam-
ple, it was known by 2 photographs in each of
the samples then failing to identify it requires
that each of the 4 photograph comparisons that
would be made by the software would have to
score less than the threshold value. So if the prob-
abilities of scoring less than the threshold value
were considered to be independent for each of
the 4 photograph pairs then the risk of failing to
identify the released seal would be equal to the

Grey seals in the North Atlantic and the Baltic



risk of a false negative error for a single photo-
graph pair taken to the fourth power. The risk
of failing to identify a seal obviously declines
very rapidly with an increase in the number of
photographs by which it is already represented.

Using results from the test sets, the frequency
distribution for the number of photographs by
which each animal in the catalogue is currently
represented and assuming independent probabil-
ities of false negative errors for each photograph
pair we estimated an average 2% risk of failing
to identify a released seal in a recapture sample.
However that result is not very reliable, for exam-
ple photographs from the same session, though
differing in viewpoint and posture, will be simi-
lar in lighting and the state of the pelage and may
thus fail to provide a realistic test. Instead of at-
tempting to correct the population estimates for
missed matches we therefore decided to regard
this as a source of positive bias in the estimates.

The results presented below were thus based
on solution of the following set of equations
that incorporate correction factors for losses
from the marked population and for selec-
tion in favour of well-marked seals by the
photographer but not for the risk of missing
released animals in the recaptures samples:

zj (E[zvzst Rii,st, v] /0 z“vz“st Smd(s’ N, lSVN’J L V)
P 2000=1

4)
for each 1.

Approximate 95% confidence limits were de-
rived by simulating variation in the recapture
frequencies used to derive the estimates. Because
of summation over sessions some of the recap-
ture “frequencies” represented by Rij exceed the
number of different seals actually recaptured be-
tween those areas over those intervals. The ac-
tual number of different seals involved in each
case was used as the rate parameter of a Poisson
distribution. One value was generated at random
from each Poisson distribution and scaled up by
the ratio of Rij to the number of different seals
recaptured. Those scaled random values then re-
placed R i in the calculation of the population es-
timates. The procedure was repeated 1,000 times
to generate 1,000 different sets of population es-

timates and the 2.5% and 97.5% percentiles of
the estimate distribution, P, ; and Py s, record-
ed. Approximate 95% lower and upper confi-
dence limits were then calculated as p*/Py; 5 and
WP, s where p represents the point estimate.

RESULTS

Losses from the population

Table 1 gives the statistics for left and rights
sides, and for left and right sides combined, for
each year from 1995 to 1999. The effect of the
low number of recoveries from 1996 releases
is evident in the survival estimate for 1995 to
1996 exceeding 1. Combining the statistics
over the years gave an estimate of 0.9035 for
annual survival from 1995 to 1999 (it is not
possible to derive an estimate for the 1999 to
2000 survival). We used that value to calculate
the year 2000 population size point estimate,
however as the data were restricted to a subset
of the Swedish haul-outs we can not be certain
that this value is applicable to the whole Baltic.

Selection by quality of pattern

The proportions of seals randomly selected at
Baltic sites that were allocated to the “good,
“medium” and “bad” pattern quality categories
were 0.395, 0.17 and 0.435 respectively. Very
similar proportions (0.4, 0.15 and 0.45) were
independently assessed for an earlier analysis
of grey seal photo-id data from the North Sea
(Hiby 1994). Thus most seals appear to be ei-
ther distinctively marked or hardly marked
at all, both in the Baltic and North Sea. Adult
males make up most of the seals with “bad”
markings, suggesting that the loss of male
markings occurs over a short period of time.
The remainder was mostly very young seals.

Combining the proportions for randomly se-
lected seals with those for the photographed
seals gave a correction factor, Q, of 2.27
— the same factor was used in all areas be-
cause the same photographer took most of the
photographs and demonstrated the data col-
lection methods to the other photographers.

Moment estimators of population size

The majority of resightings occurred in the
same area where the seals were originally pho-
tographed (Karlsson et al. 2005). Table 2 shows
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Table 2. Total number of different grey seals
recaptured in each area of the Baltic in year
2000 that were released from each area in
years 1995 to 1999 or during an earlier trip in
year 2000.

areas A B C D E F G
A 6 2 0 0 0 1 0
B 1 28 7 3 1 1 1
Cc 0 8 62 14 11 2 0
D 0 2 9 44 8 1 0
E 0 0 8 9 98 1 0
F 2 3 4 1 10 0
G 0 1 0 0 0 0 7

Table 3. Point estimates and confidence
intervals for the number of grey seals of both
sexes and all ages using the summer haul-
outs in areas A to G of the Baltic in year 2000.

Areas estimate lower 95% upper 95%
limit limit
A 781 179 *
B 3,203 2,017 9,562
(o] 4,096 3,070 5,338
D 842 502 1,878
E 2,121 1,748 2,513
F 1,619 720 *
G 2,969 1,359 4,827
All areas | 15,631 10,940 17,989

* upper 95% confidence limits for areas A and F were not
available by the method used; upper 80% limits were 2,660
and 3,687 respectively

the number of resightings in year 2000 of seals
seen in earlier years or during an earlier trip
in year 2000. Using equation (4) with those
data gave the local and total Baltic grey seal
population estimates for year 2000 in Table 3.

The confidence limits presented in Table 3 are
very wide for the local population sizes, as
might be expected given that it was only pos-
sible to use recapture samples in the final year
of survey. The limits for the total Baltic popu-
lation size are much narrower but as they ap-
pear in Table 3 they fail to incorporate errors
in the estimation of Q and S,,. We calculated
a coefficient of variation (CV) of 0.05 for the
estimate of Q by assuming a multinomial dis-
tribution for the numbers of seals from the ran-
dom haul-out samples that were allocated to the
3 pattern quality classes. Combining this with

the CV of 0.115 corresponding to the confidence
limits in table 3 increases the CV for the total
population estimate to 0.125, i.e. by about 9%.

Part of the uncertainty concerning Sm stems
from the fact that it was estimated using data
from a subset of Swedish haul-outs and, as it is
not possible to express uncertainty about that
component of the error as a CV, we chose in-
stead to recalculate the population size estimate
using lower and upper bounds on Sm. As a low-
er bound on the survival of marks we used the
estimate of 0.85 from the analysis of North Sea
grey seal photo-id data (Hiby 1994) because it
includes an emigration component, which is as-
sumed to be negligible for the Baltic study. As
an upper bound we used an estimate of 0.95,
which is the current adult female survival es-
timate derived from monitoring surveys of UK
grey seals (Hiby and Duck, submitted). That
value is consistent with calculations prepared for
the Baltic grey seal management plan (Anony-
mous 2001) and includes neither emigration
nor the loss of markings by male seals. Those
recalculations then reduced the lower limit on
the estimate of the year 2000 population size to
9,592 and increased the upper limit to 19,005.

DISCUSSION

The point and interval estimates derived from
our photo-id study can be compared with
counts of moulting haul-outs conducted from
2000 to 2004 (Halkka et al. 2005). The count
of 9,700 seals during the moult from late May
to early June of 2000 is much smaller than our
photo-id point estimate of 15,631 for the sum-
mer of that year and only slightly larger than
the lower 95% confidence limit of 9,592 seals.
We would of course expect the count of moult-
ed animals to be smaller than our estimate of
the population size, because only a part of the
population will be hauled out at any one time.

2000 was the first year with combined effort all
over the Baltic to survey grey seals during the
moult. Such combined survey efforts in the Bal-
tic have been repeated annually since then and
the numbers of animals counted were 10,300 in
2001, 13,100 in 2002, 15,950 in 2003 and 17,640
in 2004 (Halka et al. 2005). A population in-
crease from 9,700 to 17,640 over 5 years would
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have required immigration, which is inconsistent
with the closed nature of the Baltic population,
hence the later counts must have included a big-
ger proportion of the population. Standardized
annual counts at all major haul-out sites along
the Swedish Baltic coast from 1990 to 2004 in-
dicate an average annual growth rate of approx-
imately 7.5% (Karlsson and Helander 2005).
Using our photo-id estimate for year 2000 and
applying an annual increase rate of 7.5% gives a
projected point estimate in 2004 of 20,875, with
95% confidence limits from 12,810 to 25,380.
Comparing these values with the count at moult-
ing haul-outs in 2004 suggests that 70% - 85%
of the population is hauled out at that time.

The estimate of population size is not fully ef-
ficient given its dependence on the summation
of release/recapture sample pairs rather then the
full capture history of each seal. One general
area that needs further work is the development
of more efficient estimators that can allow for
problems inherent in photo-id data such as se-
lectivity and the risk of failing to identify ani-
mals, both related to pattern and photo quality.
Another problem related more specifically to
this study is its dependence on haul-out behav-
iour during the summer months. In this regard
there is a potential bias in the population esti-
mate that has not been addressed in the above
results. By sampling for pattern quality at the
haul-outs we estimated and allowed for selec-
tivity by the photographer in favour of well-
patterned seals. However it is possible that
the proportion of well-patterned seals at the
haul-outs is not representative of that propor-
tion in the population as a whole. For example,
poorly-patterned juvenile seals might be under-
represented at the summer haul-outs. Similarly,
males might be under- or over-represented.
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