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Abstract.—The effect of investigator activity on Black-legged Kittiwakes (Rissa tridactyla) was
assessed using the disturbance caused by an ongoing intensive study investigating chick
growth and adult mass loss. Though the effects were small, investigator disturbance decreased
adult nest attendance and increased daily chick loss rates. Whereas overall chick survival
until day 18 post-hatch was significantly lower in the high-disturbance plot in the first year
of the study, it was substantially higher in the second year. We hypothesize that changes in
predator activity as an indirect consequence of disturbance were responsible for this pattern.
Herring Gulls (Larus argentatus) which nested near the high-disturbance plot and are the
main predator of kittiwakes in our study area may have been more susceptible to the effect
of disturbance than the kittiwakes themselves. There was otherwise no statistically significant
impact. of disturbance on chick growth, or on adult kittiwakes extending into the following
year. Biases in studies of kittiwakes due to investigator disturbance may thus be negligible
when the study is carefully designed. Future studies investigating effects of disturbance on
birds should, however, include data concerning potential predators of the focal species and
~ include more than one low-disturbance plot, and should be carried out over two or more
years.

EFECTO DEL DISTURBIO CAUSADO POR EL INVESTIGADOR EN EL EXITO
REPRODUCTIVO DE RISSA TRIDACTYLA

Sinopsis.—El efecto de las actividades de un investigador fue determinado utilizando el dis-
turbio causado por éste al estudiar intensivamente el patrén de crecimiento en pichones y
la pérdida de masa en adultos de la gaviota Rissa tridactyla. Aunque los efectos fueron pe-
querios, el disturbio causado por el investigador disminuyé la atenci6n al nido por parte de
los adultos e incrementé la tasa de pérdida diaria de pichones. Aunque la sobrevivencia
global de polluelos hasta los 18 dias de edad fue significativamente menor en el édrea del
disturbio durante el primer afio de estudio, fue sustancialmente mas aita durante el segundo.
Una hipétesis para explicar el fenémeno es que los cambios en las actividades de los depre-
dadores, como consecuencia indirecta del disturbio, fueron responsables de este patrén. La
gaviota Larus argentatus que anidaba al lado del irea del disturbio y quienes son los prin-
cipales depredadores de Rissa pueden haber sido mas suceptibles al efecto del disturbio que
la especie objeto del trabajo. De otra manera, no hubo impacto por parte del disturbio.

Colonially breeding seabirds are frequently used in studies of breeding
success and breeding behavior. Such studies often result in disturbance
that can have clear negative consequences for individual birds or colonies
(reviewed by Gotmark 1992). However, several studies report that inves-

30



Vol. 72, No. 1 Investigator Disturbance.in Kittiwakes [31

tigator activities had no influence on the study animal or the breeding
parameter being measured (e.g., Parsons 1975; Brown and Morris 1994,
1995), and some studies even documented a “positive” effect on the focal
species (Gotmark and Ahlund 1984; Shields and Parnell 1986; Maclvor
et al. 1990). Although disturbance effects might not be a problem for the
interpretation of a study when different experimental groups receiving
the same disturbance are compared (G6tmark 1992), the problem of re-
sults not being independent of how they were obtained is not uncommon
(Duffy 1979; Lenington 1979; Davis and Balfour 1992). It is especially
critical to be able to quantify the impact of investigator disturbance when
life-history traits are studied, as investigator-induced changes in chick loss
or adult return rates may produce artifacts (cf., Dunnet and Ollason 1978;
Gaston et al. 1988). In these cases, disturbance as a possible source of
mortality has to be taken into account, and should, ideally, be quantified
(e.g., Ollason and Dunnet 1978).

The Black-legged Kittiwake (Rissa tridactyla, hereafter referred to as
kittiwake) is a seabird that has recently been the subject of several studies,
none of which took into consideration the effect the investigators them-
selves might have had on the birds. To see if this can be justified, we
quantified the effect of investigators on the breeding performance of
kittiwakes that were subjected to an extensive and intensive study includ-
ing weighing of chicks and capture of adults. Parameters considered in
this context are the nest attendance of adult birds, chick mortality, chick
growth, and return rate of adult birds in the following year. -

MATERIAL AND METHODS

The study was carried out in 1995 and 1996 on Horngya in north-
eastern Norway (70°22'N, 31°10’E) where 21,000 pairs of kittiwakes breed

- (Furness and Barrett 1985; R. T. Barrett, unpubl. data). Potential preda-

tors of kittiwake eggs, chicks, and sometimes adults were Herring Gulls
(Larus argentatus, 15,000 pairs breeding on Horngya), Great Black-
backed Gulls (L. marinus; 200 pairs, Furness and Barrett 1985), and 2-3
pairs of Common Ravens (Corvus corax). The study area covered two parts
of the cliff on the northern part of the island. The two plots were ap-
proximately 100 m apart and out of sight of each other. These two plots
were similar in physical parameters such as topography, steepness, height
of the cliffs, distance from the sea, and nest-density.

Before hatching, all nests containing clutches of two eggs were marked
in the two plots. Nests with one or three eggs were not used because this
would have introduced clutch size as a possible confounding variable.
About 75% of all nests contained two eggs. In the larger plot (89 marked
nests), an intensive study of growth patterns in chicks and mass loss in
adults very similar to that of Jacobsen et al. (1995) was carried out in
both years. This plot will be referred to as the “high-disturbance plot™.
The disturbance consisted of (1) daily checks of all nests, (2) swapping
of chicks within three days after hatching of a nest’s second chick (cross-
fostering), (3) weighing of chicks twice (9 d and 18 d post-hatch, respec-
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tively), and (4) capturing and weighing of individual adult birds twice (2-
5 d and 19-23 d post-hatch, respectively).

Records of the hatching progress enabled us to determine the hatching
peak of the high-disturbance plot, defined as the median hatching day.
In 1995, chicks were weighed and measured two more times (9 and 18 d
after this hatching peak). Chicks were weighed to the nearest gram, and
their wing lengths (maximum flattened chord) were measured to the
nearest millimeter. A body condition index was calculated, using the re-
siduals from the regression between chick body masses and wing lengths
(both being log-transformed). Adults were caught using noose-poles.
Birds were then individually color-banded. For sexing birds, we measured
their head +bill lengths and assumed the larger bird of a pair to be the
male (Barrett et al. 1985). Birds of pairs that differed less than 2 mm in
head +bill length were not sexed. To carry out this study, the high-distur-
bance plot was visited and disturbed every day for an average of 5 h each
day over a 32 d period during June and July, resulting in a total distur-
bance of approximately 160 h.

The second (low-disturbance) plot (83 marked nests) was visited twice
only during the chick-rearing period for a total of approximately 4 h. The
visits took place 9 and 18 d after the hatching peak in the high-distur-
bance plot. In 1995, all chicks were weighed and measured during these
visits; in 1996 they were only counted. After completion of the 1995 study,
adult birds in the low-disturbance plot were caught using noose-poles,
color-banded and sexed.

In 1995, the nest attendance of the adult birds in both plots was re-
corded for 13 d starting on 4 July, which was 7 d after the hatching peak.
Attendance was defined as the number of adult birds at a nest during
twice-daily checks; once in the morning before research activity started,
- and once in the evening, about 30 min after the end of the research
. activity in the high-disturbance plot. A total of 42 high-disturbance and
26 low-disturbance nests was observed, but not all were observed during
every check. Attendance data were collected from a blind (i.e., without
disturbance).

In 1996 and 1997, both plots were searched for returned birds, which
could be identified by their unique color band combinations. Only birds
that had been sexed were considered in computing the return rate.
Clutch sizes laid in 1996 by females that were or were not disturbed in
1995 were recorded.

As a supplemental approach to comparing the high-disturbance with
the low-disturbance plot, we calculated the isolated effect of specific kinds
of disturbance, viz. swapping of chicks, capture of adult birds, and weigh-
ing of chicks in the high-disturbance plot. Instead of using the low-dis-
turbance plot as a comparison, in this analysis we used data collected on
the days preceding and following a given disturbance in the comparisons.
We did so by calculating the chick loss rate during the 24 h directly after
the respective type of disturbance. These were compared with the daily
rates of chick loss during the 1-2 d preceding and following the respective
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FIGURE 1. Number of adult kittiwakes attending a nest in a high-disturbance and a low-
disturbance plot during twice daily snap-shot observations in 1995 (number of nest-
observations in brackets). Morning observations were conducted before research activity
in the high-disturbance plot started, evening observations after its completion.

day of disturbance. The method follows Mayfield’s proposal (1961, 1975)
to use nest-days as a measurement of nest exposure. Our chick loss rate
was computed as the number of chicks lost per day, weighed by the num-
- ber of nests that contained at least one chick prior to the respective day.

Unless otherwise stated, tests are logistic regressions (PROC CATMOD,
PROC GENMOD, and PROC LOGISTIC, using maximum likelihood es-
timates, SAS Institute 1996). All Pvalues are two-tailed. Measures are ex-
pressed as means *1 standard error (SE).

RESULTS

The mean number of adults attending each nest was lower in the high-
disturbance plot (0.970 * 0.007, n = 843) than in the low-disturbance
plot (0.989 + 0.008, n = 476; x* = 4.08, P = 0.044; Fig. 1). Although
there was no difference in the overall attendance between the morning
and evening observations (x2 = 1.90, P = 0.169), the effect of disturbance
was more pronounced in the evening (Fig. 1), though not significantly
so (disturbance X time interaction, x* = 2.83, P = 0.093; all statistics
from three-way logistic regression). Separate analyses of both plots showed
that adult nest attendance was higher during the morning observations
than during the evening observations in the high-disturbance area (x2, g,
= 5.58, P = 0.019), but not in the low-disturbance area (x?, 474 = 0.04, P
= 0.840; Fig. 1).
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FIGURE 2. Number of kittiwake chicks per nest surviving to day 18 after the hatching peak
(see text) during two years of the study, in high-disturbance and low-disturbance plots,
respectively (number of nests in brackets).

The hatching peaks were on 27 June 1995 (27.1 + 0.3 d, » = 131) and
on 1 July 1996 (1.0 £ 0.4 d, » = 107), respectively. The number of chicks
surviving to day 18 after the hatching peak was lower in the high-distur-
bance plot than in the low-disturbance plot in 1995 (x2; 7,6 = 6.52, P =
'0.039), but higher in 1996 (x? 25 = 9.66, P = 0.008), as was also illus-
‘trated by the disturbance X year interaction (three-way logistic regression
with two main effects, viz. disturbance and year, and their interaction
using data from both years: all x2; 50, > 10.2, all P < 0.002); i.e., the
relation between chick production and treatment differed significantly
between years (Figure 2).

Nine and 18 d after the hatching peak, neither body masses, wing
lengths, nor body condition indices differed between high-disturbance
and low-disturbance chicks (Table 1). Chicks in the low-disturbance plot
tended to gain slightly more mass between days 9 and 18, relative to their
early body mass, but this tendency was not significant (Table 1).

The re-sighting rate of adult kittiwakes in the year after disturbance did
not differ between high-disturbance and low-disturbance plots (Fig. 3).
Males disturbed in 1995 showed an insignificant tendency in the expected
direction (x% 65 = 2.76, P = 0.098; Fig. 3). Nor was there any difference
between the clutch sizes laid by birds highly disturbed the previous year
(1.92 = 0.09, » = 25) and those laid by low-dlsturbance birds (1.97 *
0.06, n = 32; x2 = 0.62, P = 0.430).

The daily rate of chick loss was higher than expected by chance alone
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FIGURE 3. Proportion of adult kittiwakes re-sighted in the year following high and low levels
of disturbance. Only birds that could be sexed are considered.

o
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after the capture of adults (2-5 d post-hatch), and in 1995 also after the
swapping of chicks (1-3 d post-hatch; Table 2). Weighing of chicks at 9
d post-hatch had no effect on the daily rates of chick loss, nor did swap-
ping of chicks in 1996 (Table 2).

DISCUSSION

. We examined the effect of investigation-caused disturbance on the
- breeding performance of kittiwakes. This was done by comparing a high-
disturbance plot with a low-disturbance plot. One problem with carrying
out studies such as this one is that it would be optimal to randomize
chicks, assigning them with the same probability to high-disturbance and
low-disturbance nests within the same plot. This is, however, impractical
in colonial seabirds, as disturbance of one nest cannot be restricted to
that nest only, but will spread through the colony to the neighboring
nests. As a result, two distinct parts of the colony have to be used. This
leads to the problem that other factors may confound the results (cf.,
Pierotti 1982; Burger et al. 1995). In our case, we assumed a similar dis-
tribution of hatching dates in both plots without being able to test this
assumption. However, the fact that the wing lengths of chicks, an indicator
of chick age (Barrett and Runde 1980), on given days did not differ
between the plots (Table 1), corroborated our assumption. Other ap-
proaches would be either to use several low-disturbance plots, rather than
a single one and/or to use absence and presence of a certain type of
disturbance on different days as a means of quantifying the impact of
disturbance. Though such comparisons cannot measure the cumulative
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TABLE 2. Number of kittiwake chicks dying per nest per day during the first 24 h after a
specified kind of disturbance, compared to the preceding and subsequent 24 h or 48 h
(amount of nest exposure in brackets, i.e., number of nest-days). Tests performed were
logistic regressions, using chick losses (none/one/two) per nest-day as dependent and
the absence vs. presence of a given kind of disturbance prior to the given day as inde-
pendent variables.

Daily chick loss (%)

Before, and
more than Within 24 h
) 1 d after, after

Kind of disturbance Year* treatment treatment x2 P
Swapping of chicks® 1995 5 (132) 29 (42) 9.52 0.009
Swapping of chicks® 1996 19 (95) 19 (32) 143 0.489
Capture of parents* 1995 + 96 4 (165) 12 (162) 4.72 0.030
Weighing of chicks? 1995 + 96 8 (118) 7 (61) 0.06 0.805

2 When differences between years were insignificant, data for both years of the study were
combined.

b Calculated for the first 4 d after hatching of a nest’s second chick. Swapping took place
within the first 3 d of this period.

< Calculated for the first 6 d after hatching of a nest’s second chick. Capture of adults took
place between the second and fifth day after hatching of a nest’s second chick.

d Calculated for the ninth until eleventh days after hatching of a nest’s second chick. Weigh-
ing took place at day 9 post-hatch.

effect of disturbance over periods of several days, they have the advantage
of being accomplishable without the need of a control plot (see Table 2).

Furthermore, effects of investigator disturbance can vary significantly
between years (Fig. 2, Table 2). This is in accordance with the hypothesis
~ that the readiness of long-lived birds to desert their nests should vary

‘between years in relation to environmental factors (Erikstad et al. 1998).
There may therefore be a need for not only more than one low-distur-
bance plot but also for more than one year of study before one can
conclude whether or not a species is susceptible to disturbance.

Adult nest attendance—Adult nest attendance was decreased by distur-
bance. Disturbance may have caused absence from nests either directly
or indirectly through increased stress. The latter may lead to an increase
in the daily energy expenditure in adults or chicks or both (Hubert and
Hippop 1993; Gabrielsen and Smith 1995; Huppop 1995), thus increas-
ing food requirements and thereby parental workloads. It is, however,
difficult to distinguish between such indirect effects and the absence
caused directly by the birds being flushed off their nests by investigators.
Nevertheless, our results provide evidence for the importance of the di-
rect effect, in that nest attendance at the high-disturbance plot was lower
in the evening, after a day of disturbance, than in the morning. There
was no such difference at the low-disturbance plot (Fig. 1).

Nestling survival—We also found a lower chick survival among high-
disturbance birds in 1995 (Fig. 2). Lower fledging success as a response
to investigator disturbance has been reported for other seabirds (Kadlec
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and Drury 1968; Gillett et al. 1975; Ollason and Dunnet 1978; Fetterolf
1983; Safina and Burger 1983; Mousseau 1984; Piatt et al. 1990; Rodway
et al. 1996). In the second year of our study (1996), the trend was, how-
ever, reversed. Chicks in the low-disturbance nests had a survival proba-
bility until day 18 post-hatch that was only 18% of that of the high-dis-
turbance chicks. Robert and Ralph (1975) also found that the survival of
Western Gull (L. occidentalis) chicks was inversely proportional to the
degree of disturbance. Their explanation of habituation is, however, not
compatible with our data for 1995. The pattern observed by us in 1996
can, therefore, not be explained in terms of disturbance of kittiwakes.
The most parsimonious explanation is that a factor totally unrelated to
the disturbance caused these differences. This interpretation cannot be
excluded because the birds could not be randomized. However, we be-
lieve these unexpected results may be explained by the effects of distur-
bance on one of the kittiwakes’ principal predators, the Herring Gull.
Herring Gulls breed all over the island, including the slopes below the
cliff faces on which this study was carried out and to which investigators
withdrew to weigh, measure, band, and observe the kittiwakes. In other
words, any disturbance of the kittiwakes also involved regular, and prob-
ably greater disturbance of the gulls nesting nearby. Disturbance has been
shown to cause Herring Gulls (N. van Swelm, pers. comm.) and other
birds (Conover and Miller 1978; Knight and Fitzner 1985) to move to
another breeding site in a year following disturbance. It is thus possible
that after the first year with high levels of disturbance, the gulls, which
are more susceptible to disturbance than kittiwakes (cf., Gabrielsen and
‘Mehlum 1989; Gotmark 1992; Kania 1992; Wanless 1992), may have
moved to other, less disturbed areas of the colony in the second year of
~ the study. In these areas, the predation pressure on kittiwakes might con-
_ 'sequently have increased. As the low-disturbance plot was quite close to
the high-disturbance plot, some of the moving gulls may have settled
there in 1996. Other examples of the predator of the focal species being
more susceptible to disturbance than the focal species itself have been
reported by Gotmark and Ahlund (1984), Shields and Parnell (1986),

and Maclvor et al. (1990).

It is not appropriate to use this ad hoc explanation for testing our data
which were collected on the basis of a different working hypothesis (Pop-
per 1959), especially because no counts of Herring Gulls were made.
However, it leads to a clear recommendation: studies of disturbance in
colonially breeding birds should also take into account and quantify the
presence of any predators near the prime target species.

Chick growth and body condition.—In addition to chick survival, chick
quality is another factor determining breeding success. In alcid and other
larid species, it has been found that high-disturbance chicks grow more
slowly and/or reach a lower fledging mass (Cairns 1980; Harris and Wan-
less 1984; Pierce and Simons 1986; Hatchwell 1989). Our results on chick
body mass gain have the same tendency, but are not significant (Table 1).

Adult re-sighting rates—Males from low-disturbance nests had a 17%
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higher probability of being observed in the following year than males
from high-disturbance nests in the first year of the study (Fig. 3). How-
ever, this tendency was not statistically significant, nor were the observa-
tions from the second year or from females in the expected direction. It
is important to remember, however, that statistical insignificance of a giv-
en effect does not necessarily mean it is biologically insignificant (cf.,
Shrader-Frechette and McCoy 1992). The trend in male survival would
have been statistically significant using a one-tailed probability, which
could have been defended in this case. A lower fraction of observed birds
in the high-disturbance group is strong evidence for a fitness cost of dis-
turbance. This conclusion holds, independent of whether the birds not
observed died, were intermittent breeders, had early breeding failures, or
moved to another (part of the) colony (cf., Fairweather and Coulson
1995). Similar effects of disturbance are known from the Fulmar (Ful-
marus glacialis; Dunnet and Ollason 1978; Ollason and Dunnet 1978).

As regards breeding success in the year following disturbance, it has
been demonstrated by Rodway et al. (1996) that the respective differences
between high-disturbance and low-disturbance plots persisted in the fol-
lowing year in the Atlantic Puffin (Fratercula arctica). This effect could
have been brought about by lower return rates of high-disturbance adults,
rather than by decreased breeding performance. We were able to distin-
guish between these two causes, but could not find the latter effect in the
kittiwake, using clutch sizes laid as an indicator of investment into breed-
ing following a year with disturbance.

Chick loss after disturbance—The design of the study that was respon-
sible for the disturbance in the high-disturbance plot aimed to minimize
disturbance. However, the comparison of the daily rate of chick loss be-
tween days with and without a certain type of disturbance (Table 2) shows
that even these routines could not exclude disturbance as a cause of chick
loss. Chick loss occurred more often than would be expected by chance
after the early capture of adults, and, in one year, after swapping of chicks.
We were unable to distinguish directly different causes of chick loss be-
cause we only checked nests once a day. Mostly, dead chicks were simply
missing, rather than lying in the nest. It was therefore impossible to re-
construct whether chick loss was due to predation, or whether the chick
died of other reasons and was subsequently removed by siblings, parents,
or predators. , ,

However, one reason for chick loss during this period is that kittiwakes
are not fully homeothermic until an age of 6-8 d (Barrett 1978). The
early capture of adults took place at a chick age of 2-5 d (i.e., well within
the period when chicks are dependent upon their parents for maintaining
their temperature). It is possible that the reason for the increase in chick
loss after capture of adults and after swapping (1-3 d post-hatch) was due
to hypothermia because the adults returned too late to their nests. It
seems that while the disturbance mainly affects the adult birds, the chicks
are affected only indirectly. This is in agreement with observations from
Harris and Wanless (1984) and Ollason and Dunnet (1980).
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Conclusions.—The extent of the disturbance effect, if at all negative,
was relatively low. Taking into consideration the uncommonly hxgh dis-
turbance levels in our study, this means that biases in results of previous—
and future—studies of the kittiwake may be regarded as negligible. On
the other hand, research activity in our study was kept to the minimum
possible necessary to carry out our work. The fact that we could, never-
theless, demonstrate negative, if weak, effects of disturbance, emphasizes
the importance of carefully designing studies to reduce disturbance (Rod-
gers and Burger 1981; Gotmark 1992).
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