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CHAPTER 3

THE EFFECTS OF INVESTIGATOR
DISTURBANCE ON NESTING BIRDS

FRANK GOTMARK

1. INTRODUCTION

To learn about the behavior and ecology of nesting birds, we often study
them when they occupy nesting territories. But by visiting territories or
nests, the investigator may to a greater or lesser extent disturh the birds
and affect the parameters being studied. Thus, we want to learn about
the behavior or performance of birds under natural conditions, but may
alter these conditions by our presence in the field. This has been called
the “uncertainty principle” in field biology (Lenington, 1979).

In many cases, the effects of an observer may be negligible. For
instance, repeated visits to a nest may mean only that the incubating bird

FRANK GOTMARK - Department of Zoology, University of Géteborg, S-400 31 Goteborg,
Sweden.
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64 FRANK GOTMARK

cess and behavior sometimes are affected by disturbance; therefore,
when an unbiased estimate of nesting success or behavior is sought,
investigator disturbance is a potential problem. Avian research in life
history theory, demography, population dynamics, and conservation
biology usually require unbiased estimates of fecundity, and behavioral
studies may require that behavior is not affected by investigators. State-
ments such as “possibly the lower success rates ... found in most
passerine studies (Ricklefs, 1973) partly result from disturbance by
observers” (Stobo and Mclaren, 1975:52) motivated this review. In
addition, knowledge of and attempts to minimize investigator impacts
are desirable for ethical reasons (e.g., Taylor, 1986; American Ornitholo-
gist’s Union, 1988).

Although ornithologists have long been aware of the disturbance
problem (e.g., Stoddard, 1932; Kalmbach, 1938; Johnson, 1938; Skutch,
1966), studies designed to evaluate the problem have appeared only
recently (e.g., Evans and Wolfe, 1967; Grier, 1969; Newton and Campbell,
1975; Ellison and Cleary, 1978; Gottfried and Thompson, 1978; papers in
Colonial Waterbirds, vol. 4, 1981; Westmoreland and Best, 1985). To date,
no comprehensive review of this literature has been published (but see
Anderson and Keith, 1980; Boyle and Samson, 1983; Grier and Fyfe,
1987). To examine the problem, I reviewed papers with original data on
the effects of observers. The specific objectives were (1) to examine the
methods used to detect an observer influence, (2) to compare observer
influence on nesting success in different groups of birds, (3) to identify
the proximate reasons for reduced nesting success, (4) to determine how
observer influence varies with stage in the nesting cycle and nesting
density, and (5) to identify effects of observer visitation on behavior. I
also review some methods that mitigate disturbance effects, discuss the
ultimate reasons for differences in sensitivity among species, and sug-
gest some future research.

The study was initiated during a review of the effects of recreational
disturbance on birds (Gotmark, 1989). Papers on researcher disturbance
were gathered in several ways. I found most of them by scrutinizing
studies of breeding biology and checking literature lists. I also searched
avian studies (published 1960-1987) in Biological Abstracts, using the
BIOSIS PREVIEWS® (Philadelphia, PA) system at the Biomedical Uni-
versity Library in Gothenburg, Sweden. The key words I used were
“disturbance” and “interference” combined with “nesting,” “breeding,”
and “reproduction.” The output listed 126 papers; many of these I had
already found, and some were not relevant. Most papers (88%) cited
below were not included in the output. I believe I have found the most
important papers, and that no particular group of birds has been over-
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looked. Of 225 studies included in the review, 71% were from North
America, 22% from Europe, and 6% from other parts of the world.
Studies concerned with effects of special methods used to capture

mark, or observe adults or nestlings (e.g., Blokpoel, 1981; Brubeck et al.’
1981; Nisbet, 1981; Hamilton and Martin, 1985; K&las et al., 1989; Kinkel,
1989; Wilson et al., 1989; and references therein) were not included, as,
the aim was to review effects of “normal” field research. In the 100
studies included in Table 1, nests or nesting areas were visited in all
studies, chicks were banded or handled in at least 38 studies {probably

more), and adults were trapped and banded in 26 studies (perhaps
more).

2. METHODS USED TO EXAMINE EFFECTS OF
INVESTIGATOR DISTURBANCE

A common claim in the older literature (see also Lenington, 1979) is
that it is difficult or impossible to investigate observer influence in a
nesting study. I found that a scientific approach is possible, although the
strength of inferences and conclusions varied among papers. I identified
at least seven methods used to study disturbance effects (Table I). Below,
I comment on the problems of each method (see also Grier and Fyfe,
1987, for an excellent discussion). The papers in Table I concern nesting
success or nest predation, or in a few cases nest site selection or behavior
(see below). Studies of artificial nests were not included here (or in Table
III) but are discussed in section 5.3 (I did include Gottfried and Thomp-
son, 1978, as they also presented relevant data for natural nests). Bart
(1977) was included in Table I but not in any analyses below because the
conclusions were later questioned (Bart and Robson, 1982).

1. Experimen/tally disturbed areas/nests and undisturbed controls.
Several authors compared experimentally disturbed areas and undis-
turbed control areas, but of these only Grier (1969), Grier et al. (1972),
Westmoreland and Best (1985), and Grier and Fyfe (1987) stated that they
chose experimental and control nests randomly from the population.
Controls may be established by observing nests or nesting pairs from a
distance. Incubating adults do not flush and no serious disturbance is
created. This approach has been applied to raptors with large nests that
can be seen from a distance (e.g., Grier, 1969; Poole, 1981; Fraser et al.,
1985; Grier and Fyfe, 1987) as well as shorebirds (Pienkowski, 1984;
Galbraith, 1987), doves (Westmoreland and Best, 1985), and antbirds
(Willis, 1973). In some studies control nests were disturbed on the day
they were found, but not later (e.g., Westmoreland and Best, 1985)

f
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TABLE I
Methods Used to Examine Effects of Investigator Disturbance
on Nesting Birds in 100 Studies®
Number
Methodb of Papers References¢
Experimentally disturbed areas/nests 27 3, 15, 22, 32, 52, 56, 58,
and undisturbed controls 60, 61, 70, 74, 76, 77, 774,
108, 109a, 111a, 125, 133,
139, 141, 165, 169, 172,
187, 189, 191
Correlational study (=3 samples; 12 4, 34, 53, 57, 62, 67, 88,
differentially disturbed) 97, 123, 130, 150, 160
Comparison of two samples (more 33 1, 26, 29, 36, 38, 39, 45,
and less disturbed) 52, 56, 58a, 64, 65, 68, 80,
81, 82, 85, 95, 107, 111,
118, 126, 128, 129, 136b,
138, 153, 154, 156, 158,
159, 164, 181
Comparison of samples from 7 40, 53, 54, 106, 111, 141,
different years or different studies 142
Comparison of visited active nests 9 25, 50, 96, 97, 99, 109,
and nests that were terminated 152, 171, 173
when detected
Other comparisons 9 12, 48, 50, 79, 99, 157,
166, 173, 179
“Dramatic effects” 11 20, 37, 41, 86, 92, 117,

122, 135, 145, 183, 193

aEight studies used two methods and hence occur twice.
bSee text for more detailed description.
¢The numbers refer to papers in the reference section.

whereas in other studies control nests were never disturbed (e.g., Willis,
1973). The former nests might not be regarded as true controls, but the
two types of studies were pooled in this review. Method 1 assumes no
negative effects of distant observations, which may be determined from
the behavior of adults. The assumption can also be evaluated by use of
automatic cameras to monitor the behavior of adults before, during, and
after distant observations by humans. Indeed, cameras can replace
distant observers if they can be run for long periods.

In other cases, investigators visited an experimental area repeatedly
and made the final visit to this area when the undisturbed control was
first visited. They usually assumed they detected all nest losses and
other effects in controls, which may not always be true (Duffy, 1979). The
assumption can be justified to a greater or lesser extent depending on the

INVESTIGATOR DISTURBANCE ON NESTING BIRDS 67

species and situation. For example, gull and tern nests may be visited
during incubation (disturbance effects are less likely then), and as the
number of pairs with eggs is known just before hatching, production of
young in an undisturbed area may be assessed in one late visit and
compared to that of a disturbed area (e.g., Feare, 1976; see also Fetterolf,
1983). Some late pairs may begin egg laying after other pairs have
hatched, but their proportion of the population is usually small, and
they might be detected on the final visit if nests were marked before the
hatching period. In some waterfowl, destroyed nests may be visible for
many days after failure and the proportion of such nests may be com-
pared for disturbed and undisturbed areas late in incubation (Newton
and Campbell, 1975; Gétmark and Ahlund, 1984). One potential problem
in areas with high nesting density is that females may lay eggs in
previously depredated nests (Newton and Campbell, 1975). Finally,
differences in average clutch size, potentially reflecting egg predation
{partial nest predation), may be evaluated by one visit late in incubation
to a repeatedly disturbed and an undisturbed area (Cooch, 1965; Got-
mark and Ahlund, 1984).

2. Correlational study (= 3 samples). These studies compared areas
or nests that were differentially disturbed. In all cases, at least three
categories (e.g., “low-,” “intermediate-,” and “high-disturbance areas”)
were compared. No undisturbed area was included and for the objective
of this review the conclusions are therefore weaker than for method 1
since one or a few visits also may reduce nesting success (note that
original conclusions may not be “weak” if other hypotheses about
disturbance were being tested). Nevertheless, in some studies the con-
clusions appear to be almost as strong as for method 1 (e.g., Fetterolf,
1983). No authors using this or the following methods stated that they
chose nests for treatments randomly from the population.

3. Comparison of two samples (more and less disturbed). This was
the most common method used. It is subject to the same considerations
as method 2. The fewer the visits to the “control,” the closer to undis-
turbed conditions, and method 1 (assuming that the parameter studied is
related to number of visits, and not just presence or absence of distur-
bance). In this category, I also included one study of effects of different
numbers of observers simultanecusly visiting nests (Livezey, 1980; see
also Ollason and Dunnet, 1980).

4. Comparison of samples from different years or different studies.
These papers compare years or studies where the degree of disturbance
differed. However, other variables may also differ between years and
between studies. If much information is available on other important

{



68 FRANK GOTMARK

variables, and if the differences between years or studies are striking,
relatively strong inferences could still be made (e.g., Fetterolf, 1983).

5. Comparison of visited active nests and nests that were termi-
nated when first detected. In waterfow], gallinaceous birds, and some
other groups, terminated nests remain visible for many days and one can
usually assess from the remains of egg shells if they were successful or
not. Several studies compared the success of unvisited, terminated nests
with that of active nests visited one or several times. There are several
problems with this approach (some of them might apply to the other
methods as well). First, although some nests were not visited when
active, incubating birds at these nests may have been disturbed when the
investigator visited other nests, as all nests usually were in the same
area. Thus, ideally only terminated nests found on the first visit should
be included. Second, if the unvisited group contained a higher propor-
tion of nests that include the egg-laying period, the comparison could be
biased because desertion and predation rates are often high during
laying (see below). Thus, only nests found during laying should be
included in the category of visited nests. If visited nests are only
observed during part of their active period, the Mayfield method may
also be used to estimate nest survival probability (Mayfield, 1961, 1975;
Johnson, 1979; Hensler and Nichols, 1981). Third, if the visited group on
average nested later, it may include a higher proportion of young or low-
quality birds, or may be affected by seasonal changes in, for example,
nest concealment. Fourth, it is possible that terminated nests that failed
are more likely to be detected than hatched terminated nests (Kalmbach,
1938). For certain species, this bias might be avoided by using dogs to
find nests (e.g., Keith, 1961).

6. Other comparisons. Each of the following methods are used in
only a few studies. Four studies compared the success of nests where
incubating birds were flushed versus not flushed by investigators (Ham-
mond and Forward, 1956; Evans and Wolfe, 1967; Klimstra and Rose-
berry, 1975; Sugden, 1978). However, these two categories of birds may
differ in condition or quality (Ollason and Dunnet, 1980). Also, incubat-
ing birds may flush more readily during laying than later on (Evans and
Wolfe, 1967), so one should control for stage in nesting cycle, as Klimstra
and Roseberry (1975) did. Sonerud (1985) compared predation of nests
up to and after the first visit. Tiainen (1983) and Sedinger (1990) exam-
ined temporal patterns of predation after visits to nests (see also Mac-
Innes and Misra, 1972; Bart, 1977; Bart and Robson, 1982; Vacca and
Handel, 1988), and Eriksson (1980) compared number of visits made to
successful and deserted nests.

7. “Dramatic effects.” These studies found “dramatic effects” that
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fipparently were due to observer visits to nests. A paper wa 1

included here if an effect of disturbance seemed likely and cofllgnby
evaluated in some detail. Examples are intense predation on eggs a 3
young during or after single, short visits to nesting areas (e.g gzga ntleln‘
1951; DeslGranges and Reed, 1981), nest predators following invésti yators:
and preying upon nests (e.g., Veen, 1977), and high rates of nest desgrtio

after nest visits (Zwickel and Carveth, 1978; Myrberget, 1983). ?

3. DISTRIBUTION OF PAPERS AMONG ORDERS

Table II shows the distribution of 166 “disturb "

14 orders of birds. Here I included papers that foung?;f cIIJiE(lipr?f)i ffnrgo:rgl
effect of disturbance, and papers that only discussed the problem (,the
latter were not included in Table I). To examine if differences between
orders reflected potential vulnerability to disturbance, or alternativel
the extent to which their breeding biology had beer; studied, I alsg
tabulated breeding biology papers in different orders published il',l 1970
3987 (l'<ey words used to search in BIOSIS PREVIEWS were “nestin "

breec.hng,”' and “reproduction”). Compared with the total numberg(;f
breeding biology papers, studies of observer disturbance as defined
above were oyerrepresented in the orders Pelecaniformes, Anseriformes
and Charadriiformes, but underrepresented in Passeriformes (Table II),
Expected frequencies of disturbance papers for different orders based.
on the BIOSIS PREVIEWS data, differed from observed frequenci:as (p<
0.001, x2 test). This implies that researchers studying certain tgxa
tl}ought they might be vulnerable to disturbance, and examined or
discussed this possibility. An alternative interpretation (J. Nichols, per-
sonal communication) is that nest success is easier to study in ;gme
groups (e.g., ducks) than others (e.g., passerines).

4. EFFECTS OF DISTURBANCE ON NES
IN DIFFERENT ORDERS TING SUCCESS

To examine effects of disturbance on nesting su ivi
‘L‘)apers int(? two categories according to the strenith g? i}sli Icg;‘gliescilo,;hse
('Il?lgf(:t f;‘\‘/'lde'nce papers” (DE papers; n = 57) applied methods 1-—3.
: -a7 (Ie I; 1nd1rec.t §v1der}ce papers” {IE papers; n = 12} applied methods
o I.JEH t}gleneflga:l, it is easier to exclude effects of confounding variables
o an [E papers. If‘or both categories of papers, “effects” refers to
er reduced production of young per pair or reduced proportion of
f
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TABLE 1I .
Studies of Species in Different Orders Where E}ffects of Investlgatgr @
Disturbance on Nesting Birds Were FExamined or Dls.cussed, Compax;e wi
Total Number of Breeding Biology Citations in T hese Orders

Number of
disturbance  Total number ,
Order studies of citations References
Gaviiformes 3 (2%) a3 (1%) 47,752(,5 73
Podicipediformes 2 (1%) 207 (1‘;/0) 38,86 129, 150, 145
Procellariiformes and 5 (3%) 695 (4%) 1, 86, , ,
henisciformes
o if es 12 (7%) 474 (3%) 3, 15, 37, 41, 45, 93, 104,
Pelecantiorm 114, 123, 146, 156, 192
9
i ii 9 771 (4% 40, 58a, 68, 91, 105, 119,
Ciconiiformes 12 (7%) (4%) O e 7o 177,
. 181
i Y 1,629 9% 7, 11, 18, 29, 32, 43, 44,
Anseriformes 30 (18%) (9%) o o6
97, 107, 109, 116, 117,
118, 125, 134, 135, 144,
157, 167, 172, 173, 180,
182
76
i 9 2,071 (12%) 2, 28, 55, 58, 59, 62, 76,
Falco'm.formes and 21 (13%) L S e, 10, 141
Strigiformes* 158, 162, 164, 165, 166,
169, 184a, 188, 189
i Y 1,963 (11%) 16, 25, 49, 50, 83, 99,
Galhfc.vrmes and 14 (8%) ( e o 14, 15,
Gruiformes 193
ii 9 2,616 (15%) 3, 20, 22, 26, 31, 35, 36,
Charadriiformes 36 (21%) ( S e
65, 67, 80, 81, 82, 84, 85,
92, 95, 109a, 110, 120,
121, 127, 136b, 138, 138,
143, 150, 153, 155, 160,
183
g9, 52
i 9 6,834 (39%) 4, 8, 9, 10, 12, 34, 39, 52,
Passeriformes and 33 (20%) , a2
Columbiformesd 57, 63, 74, 87, 88,

101, 106, 107a, 111, 111a,
126, 126a, 128, 136, 152,
161, 163, 170, 178, 179,
184, 186, 187, 191

Total number of studies/ 168 (100%) 17,353 (100%)
citations

aBiological Abstracts 1970-1987; from BIQSIS PREVIEWS.
bReferences for each order (see numbers in References).
<Only one study and species, Tengmalm'’s Owl (1686}.
dOnly one species, Mourning Dove (8,9, 126, 187).
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successful nests, verified by statistical testing (p < 0.05; in cases where
no test was reported, I included a study if effects of observers seemed
obvious or if I was able to test the data). For both DE and IE papers, “no
effects” refers to papers with no statistically significant effect. Four
additional DE and 13 additional IE papers reported nest predation rates,
but did not present data on nesting success; they are discussed in
Section 5.1.

Overall, 33 (49%) of 68 nesting success papers reported effects (91%
of these were DE papers), whereas 35 (51%) reported no effects of
investigator disturbance (80% DE papers) (Table III). The results were
similar when IE papers were excluded. Species in different orders
seemed to differ in their degree of vulnerability to disturbance. Effects
were reported in 88% of studies of Charadriiformes species (mainly
larids and alcids; Table III), but in only 21% of studies of Passeriformes
species (Table III); the result was similar when IE papers were excluded.
Sample sizes (papers) for most groups were small, and differences in
Table IIT should be treated with caution. Absence of effects in a given
order does not necessarily mean that the species are insensitive to
disturbance during the breeding season. In 7 of 11 studies of raptors,
researchers found no effects of disturbance. One reason could be that the
researchers were aware of the potential negative effects of disturbance
(Fyfe and Olendorff, 1976; Steenhof and Kochert, 1982; White and
Thurow, 1985) and made few visits or employed relatively harmless
forms of disturbance (e.g., Grier, 1969; Grier and Fyfe, 1987; but see
Snyder et al., 1989). If raptors were studied with methods that are used
for passerines, negative effects might be encountered more often.

The power of a statistical test (the probability of rejecting the null
hypothesis of no difference when it is in fact false) generally.increases
with the sample size (e.g., Siegel, 1956). For some orders, such as
Falconiformes and Passeriformes, effects of disturbance on nesting suc-
cess might be hard to detect because of difficulties in collecting large
enough samples of nests. I examined whether differences in sample size
could account for the differences in Table III. Within orders, there were
no apparent differences in average sample size between studies report-
ing effects on nestingsuccess and those reporting no effects. Compari-
sons between orders showed larger average samples in studies of species
of Anseriformes (276, SD = 274, n = 7) and Charadriiformes (282, SD =
179, n = 16) than in Falconiformes (124, SD = 126, n = 10) and
Passeriformes (141, SD = 91, n = 13). The main reason for large samples
in Charadriiformes was that researchers often used eggs or chicks as
sample units, instead of nests. It is possible that larger average samples
in Anseriformes and Charadriiformes facilitated detection of effects
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References

126
191
88
12
74
111a

12, 57
12
12
12
74 -
74
128
152
52

(>41)

(>17)

(No. species
studied)

No. papers reporting
no effect

species (DE)
Cardinalis cardinalis (DE}

Dendroica discolor {DE)
D. kirtlandii (DE)

IE)
A. arundinaceus (IE)

Zenaida macroura (DE}
Gymnopithys bicolor (DE)
Anthus pratensis (DE)
Troglodytes troglodytes (IE)
Turdus migratorius {(DE}
Catharus guttatus (DE)
Acrocephalus palustris (DE,
Sylvia atricapilla (IE)
Phylloscopus sibilatrix (IE)
Spizella pusilla, and other
Sturnella magna (IE)
Sturnus vulgaris (DE)

11
35

References?
187
111
106

TABLE III (continued)

studied)
{3}
(>37)

{(No. species
d passerines were pooled because of ecological similarity.

d as regards effects.

No. papers reporting
effecte
Zenaida macroura (DE)
Petrochelidon fulva (DE}
Agelaius phoeniceus (IE)
DE = direct evidence (see text).

33

3
Mourning Doves (126, 187). Doves an

i i i < 0.05).
aEffect = decreased nest survival rate or reduced production of young per breeding pair (p )

bSee References.
dOne study (108) could not be categorize

¢IE = indirect evidence;

Order
Passeriformes &
Columbiformese
Total

<Only two studies, of
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(Table III), but on the other hand samples in all orders may be considered
large (cf. Siegel, 1956). Given large samples, real differences might have
been detected in most of the statistical tests.

For six species in Table II], both “effects” and “no effects” on nesting

success were reported. In the Mallard (Anas platyrhynchos), Keith
(1961) found no effects of disturbance, whereas Newton and Campbell
(1975) did. A likely reason is that avian nest predators were much more
common in the latter study (see below). Avian nest predators were also
more common in a study of Mourning Doves (Zenaida macroura) that
reported effects (Westmoreland and Best, 1985) than in one that found
no effects (Nichols et al., 1984), but the methods employed in the two
studies also differed. Studies of Blue-winged Teals (A. discors) reported
no effects of disturbance on nesting success (Keith, 1961) or decreased
success and increased desertion of nest when more than one observer
visited nests, an effect ascribed to “increased vegetational disturbance
associated with 2 or 3 observers” (Livezey, 1980). In the Ferruginous
Hawk (Buteo regalis), conflicting results were likely due to differential
disturbance, either daily visits and effects (White and Thurow, 1985) or
few visits and no effects (Grier and Fyfe, 1987). Finally, in the Herring
Gull (Larus argentatus) (Harris, 1964; Kadlec and Drury, 1968) and
Adelie Penguin (Pygoscelis adeliae) (Reid, 1968; Oelke, 1975; Ainley et
al., 1983), conflicting results are not easily explained, but may be due to
differences in the methods used.

To what extent was reproductive performance reduced in those
studies that found an effect? I was able to estimate this for 28 of the 33
papers, but three different measures of success were used. The propor-
tion of nests successfully producing fledged young was reduced by on
average 39% (SD = 14%, range 23-62%, n = 8 papers) for disturbed
compared to undisturbed nests. Production of fledged young per pair
was reduced by 44% (SD = 26%, range 11-95%, n = 17). As the two
measures are related, the similarity of the means is not surprising. Three
studies (two of ducks, one of terns) only measured hatching success,
which was reduced by an average of 24% (SD = 4%). Thus, the two
measures of fledging success suggested a reduction of about 40%, but
this is likely an underestimate as controls in many cases were not fully
undisturbed. There seemed to be some differences between orders.
Dramatic reductions of fledging success were found in pelicans, cor-
morants, and herons (33-83%), and in studies of shorebirds (95%),
alcids (46--84%), and gulls (49%), whereas minor effects were recorded
in three studies of passerines (14-34%). Although sample sizes are
small, these figures support the indication in Table III that passerines are
less sensitive to investigator disturbance. In general, it was unknown to
what extent losses were compensated for by renesting in the same season.
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One factor that partly may explain the results of Table III is the
frequency of nest visitation. If experimental nests are visited a few times,
the degree of disturbance is low and it might be hard to detect an effect. I
hypothesized that “no effect studies” involved fewer visits to experi-
mental nests than “effect studies” and compared visitation rates for the
two groups. Average visitation rate to control nests was low and did not
differ between groups (Fig. 1); however, as predicted, experimental nests
of “effect studies” had higher visitation rates than those of “no effect
studies,” although the difference was not significant (Fig. 1, p = 0.13,
one-tailed Mann-Whitney U-test). This result may help to explain why
some studies found no effect. Also, the possibility that an observer bias
is as likely with one as with many visits seems to be contradicted;
cumulative effects, rather than “all-or-none,” seem more likely.

5. PROXIMATE REASONS FOR REDUCED NESTING
SUCCESS

5.1. Relative Importance of Different Factors

The studies in Table III related nesting success to disturbance, but
few of them examined why the success was reduced. However, all papers
except four (Table IV) suggested one or more reasons for the reduced
success, supported by at least some evidence. I sorted the suggestions
into five categories (Table IV). Predation of eggs or young, noted in 22
(76%) of 29 papers, seemed to be the main reason for reduced nesting
success. “Predation” includes also intraspecific killing of young, a
common effect of disturbance in some colonial species. Desertion of

FIGURE 1. Observer visitation fre-
quency to nests in studies that found
no significant effects of investigator
disturbance on nesting success
{=“No effects”) and those that found
reduced nesting success (="“Effects”;
see Table ITI). Sample sizes (papers)
are given below treatment categories
on the x axis. Visitation frequency
tended to be higher to disturbed
G e nests in “Effect studies” than in “No
Control Disturbed Control Disturbed effect studies,” although not signifi-
n =30 studies 30 32 32 cantly so (p = 0.11).

No effects

Mean (+ s.d. ) no. visits / week to nests
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TABLE IV
Suggested Proximate Reasons for Reduced Nesting Success in
Studies in Table IIle

Reason No. papers Referenceb
Predation or killing of eggs or 22 3, 15, 38, 40, 45, 51, 53, 54, 65
catl , 36, 40, 45, 51, 53, 54, 65,
Vi g 85, 106, 123, 125, 145, 150, 153,
‘ 154, 156, 164, 181,
Desertion of nest or offspring 11 3, 26, 45, 81, 107 1?3?5;’ 11?32 145
158, 169, 181 , , ’
Extreme temperatures 5 3, 153, 156, 169, 189
Trampling on eggs or young by 3 26 40’ 156’ ,
parents or other birds o
Inadequate parental care or 4

26, 136b, 1
young leave nest too early 2% 189

"'I‘wenty-nine papers included apers 6, 49, 54, 65 could not be categorize
’ ) [ ’ H
P g d, a study may appear in

bSee References.

eggs or offspring (34% of papers) is another important reason, which
may be underestimated, because deserted nests may be preyed 01,1 before
they are detected by field workers (if so, predation will be overesti
mated). (.Dt'her reasons (Table IV) were of minor importance. -
Additional evidence for the importance of predation comes from the
4 DE and 13 IE papers that examined effects on predation rate rather than
nesting success. These studies were of species of Pelecaniformes (2
pa'l?ers), Ciconiiformes (1), Anseriformes (6), Strigiformes (1), Chara
driiformes (5), and Passeriformes (2). Ten of the 17 papers (]ohnso,n 1938t
Payntel.:, 1951; Drent et al., 1964; Buckley and Buckley, 1972; Mac’;Innes:
and MlSl:a, 1972; Mickelson, 1975; Veen, 1977; DesGranges,and Reed
1981; Quinney, 1983; Tiainen, 1983) found increased predation on nests’
or young as a result of disturbance, whereas six (Kalmbach, 1938;
Coulson, 1958; Gotmark and Ahlund, 1984; Pienkowski, 1984; So,nerud’
1985; Maclvor et al., 1990) were unable to find such differen’ces (Ham-,
mond and Forward, 1956, could not be categorized).

5.2. Types of Predators and Their Impact

_ The predators were other birds, primarily larids and corvids. To
%llustrate this, I listed the predators that were mentioned as predomil;ant
in the 22 nesting success studies and the 10 predation studies that found
1ncrease:d predation due to investigator disturbance (Lenington, 1979

and White and Thurow, 1985, did not specify predominant predat;)rs). In,

fi i i
ve studies, two or more predominant species of predators were men-
!
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tioned, and I included all species in these cases. Larids gesp'emall)i la;_gzr
gulls) were predominant predators in 22 studies, corvids l1)111 l:if s 1113& Vliz n,
and people in one study (Snyder and Snyder', 1974) (Table V). Avian
predators in some cases respond to or follow field workers, pr«éyl:lg y
nests visited by the investigators (e.g., Veen, 1977; Strang, 1980; odrrtl?u:n
et al., 1990). Alternatively, they are not attracted to people bctlltfpred eil 1fc:) i
increases simply because eggs or young are not attended or de er; e
some time after disturbance (e.g., Westmoreland and Best., 198 ).d t
Many authors assumed or emphasized that mammahanEprtle fgggs
would pose a great threat to nests visited by researchers (e.g., a7r7,. GOtt:
Sowls, 1955; Snelling, 1968; Willis, 1973; Reed, 1975; Bart, 1-91\1 ,1 -
fried and Thompson, 1978; Lenington, 1979; Poole, 1981; 10 13;19.
Brooks, 1982; Nichols et al., 1984; Gawliketal., 198{3; Yahner et‘a . d,
Reitsma et al., 1990). Surprisingly, I found no evidence for tlllncreasgd-
predation by mammals. They are believed to follow tracks in the vtegend
tion made by observers, and to respond to.human scen.t at. nes bs ?in
along trails and to the scent of feces at nests (in some species, Incu athagt
birds defecate when flushed by. observers). Nc_)te that this requtll:es o
mammalian predators must first learn to associate the tracks or the sce

TABLE V ' ) -
Nest Predators Mentioned as Predominant in 22 “Nesting Succ‘:essDStutdles
and 10 “Predation Studies” in Which Increased Nest Predation Due to
Investigator Disturbance Was Recordeds

Larids (no. of studies) Corvids (no. of studies) Others (no. of studies)

i 1)b Corvus monedula 2) Lanius col?uno 1)
gfefl;lnsl::;&spm %1}" C. corone (2) Homo sapiens (1)
Rhyncops niger (1) C. ossifragus (1)

Larus ridibundus 1) C. brachyrhynchos (3}
L. atricilla (1) C. caurinus (1)
L. delawarensis [Z)Z g: corax 8;

1) ica pica

i );I;Sg(:xlliatus ([5] Garrulus glandarius (1)
L. occidentalis (2)

L. dominicanus (1)

L. glaucescens (1)p

L. marinus (3)

L. hyperboreus (1)

Stercorarius parasiticus (1) -
Total (22) (13)

i i dies
aln five studies, two or more predators were mentioned; they were included, so the sum of stu

exceeds 32. ) . )
bOne study for each species concerns intraspecific nest predation.
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with food. Seven studies examined these ideas in more detail. In an area
where mammalian predators were common, Hammond and Forward
(1956) found higher predation on nests from which females were flushed
than on nests where the female was absent or not flushed, but no
statistical test was presented for this comparison. Experiments with eggs
scented with duck feces and control eggs showed “significant evidence”
(0.05 < p < 0.1) of higher predation on scented eggs in one of six trials,
but not for the combined data (p = 0.7) (Hammond and Forward, 1956).
Keith (1961) found no effects of duck feces or human scent on the
survival of chicken eggs in a study in which mammalian predators
predominated. Two studies compared natural nests with regard to pres-
ence of feces but did not find increased predation if feces were present
(Townsend, 1966; Livezey, 1980). In fact, duck feces may reduce egg
predation by ferrets and rats (Swennen, 1968) as well as egg predation by
crows but not gulls (McDougall and Milne, 1978). Livezey (1980) found
no evidence that tracks from vehicles or humans attracted nest predators
(but see Bowen et al., 1976, for effects of vehicle tracks). In a study of
plovers (Maclvor et al., 1990), foxes did not follow researcher tracks to
nests. In fact, nest predation was significantly lower for nests that were
monitored from distances of < 3 m compared to nests monitored from 3—
15 m; possibly, foxes avoided nest sites with human scent. Thus, there is
no or very little evidence for increased nest predation by mammals as a
result of researcher disturbance.

To further analyse the potential impact of mammalian nest preda-
tors, I classified all 61 DE and 25 IE studies (“nesting success” studies
and “predation” studies) according to predator regime, that is, as to
whether mammals or birds predominated as nest predators. Authors
often presented information on the abundance of different predators or
on numbers of nests preyed upon by different (usually presumed)
predators. Papers where mammalian and avian predators appeared to be
equally abundant were omitted. In sum, avian predators predominated
in 40 studies and mammalian predators in 17. Decreased survival or
increased predation rate of disturbed nests were recorded in 31 (78%)
studies where avian predators predominated, but only in two or three
(18%) studies where mammalian predators predominated (p < 0.001, x2
test). One of these concerned human predators (Snyder and Snyder,
1974; see below); the other two presented indirect evidence of increased
mammalian predation (Lenington, 1979, who found increased nest pre-
dation in the second year of several studies, and signs of mammalian
predation; and Hammond and Forward, 1956, described above). In addi-
tion, in three studies where snakes were the major nest predators,
disturbance did not increase nest predation (Gottfried and Thompson,

{
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1978:; Nichols et al., 1984; see also Thompson, 1978) or was considered
unlikely to have done so (Petrinovich and Patterson, 1983). However,
studies where avian predators predominated included a much higher
proportion of studies of colonial birds, which were more vulnerable to
disturbance (see below). I therefore repeated the comparison including
only studies of solitary species (< 5 nests/ha). The result was similar:
decreased survival or increased predation rate of disturbed nests was
recorded in six of nine studies where avian predators predominated, but
only in 2 of 15 studies where mammals predominated (p = 0.02, Fisher’s
exact test).

These results strengthen the conclusion that mammalian predators
do not pose a threat to nests visited by researchers, whereas avian
predators sometimes do. Possibly, human scent along trails or at nests
disappear rapidly, making it difficult for mammalian predators to learn
to use this clue to find nests (S. A. Rohwer, personal communication).
Alternatively, researchers may have reduced the likelihood of an effect
by various precautions (e.g., Bennett, 1938; see also Stoddard, 1932:195).
If precautions like avoiding the creation of trails in the vegetation are
effective and generally used in studies where mammalian predators
predominate, this might partly explain the absence of an effect. Another
factor is the relationship between predators and man. If mammalian
predators are persecuted or hunted, they may avoid humans and espe-
cially human scent, which could lead to reduced impact of mammals on
nesting success and even improved success of disturbed nests (Buss,
1946; Maclvor et al., 1990). Avian predators such as crows also some-
times avoid investigators or disturbed nesting areas (Gétmark and
Ahlund, 1984; Shields and Parnell, 1986).

5.3. Predation on Artificial Nests

Some studies examined whether predation on artificial nests is
affected by observer visitation. I treat these studies separately because
they differ from the others in one respect: no parents would have
attended or defended eggs or young. Parents potentially could attract, or
in case of aggressive species (e.g., Galbraith, 1987) deter predators that
prey on disturbed nests. Thus, conclusions from studies of artificial
nests are not necessarily applicable to natural nests (but see Gottfried
and Thompson, 1978; Gétmark et al., 1990)

Four studies of artificial ground nests with chicken or quail eggs
[Bowen et al., 1976; Gottfried and Thompson, 1978 (plus Thompson,
1978); Erikstad et al., 1982; Hoi and Winkler, 1988] found that visited
nests (5—21 visits) suffered no more predation than control nests visited
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?Once d(xivhen laid ou't). During part of the season, Hoi and Winkler (1988)
A ;;1;5) owel;i plc‘iedatcllofI; for visited than for unvisited nests. Nilsson et al
recorded no difference in nest predation rate b on visi ;
L9 I enc etween visit —
ZISIttS)‘ aItld 1c11nvils1ted artificial tree nests of Turdus. For artific?ila?c;(()losi
ests in tundra habitat, nest predation was con . i
es , centrated in periods af
visits (Vacca and Handel, 1988), so i , ulls
, » 80 predators [primarily Glaucous Gul
‘(aLalr.us hypc?rboreus)] apparently were attracted to people, as in }tlwlg
atr_ 1e1i stuc.hes at the same site (Mickelson, 1975; Strang, 1980). Inter-
fs 1}§1g v, this result applied to artificial nests that were uncovered i)ut not
tﬁ those that were covered with down, indicating that if nests are
o celre mfé;y"be no investigator bias. Similar results were also reported for
ers (G6tmark and Ahlund, 1984), If possible, investigators should

cover nests from which incubating birds are flushed, and in their papers

should make clear whether nests were covered or not (in waterfowl

papers, this information is often lacking).
ot Four Iftudlefs tested 'whether predators were attracted to artificial
ne nj ;?E;dic}ll with COIlSplCII(IOUS marker stakes or flags. Higher predation
an on unmarked nests was noted when di i
. : . spersed,
nests were stu.dled (Picozzi, 1975; Bowen et al., 1976). IIilo diffecr?;i:t;:
:\;e;g rep9rted ina st}ldy with high nest density (Newton and Campbell
1938; oIr 11: }faste of ihspersed but conspicuous nests (Vacca and Handeli
- In the two latter studies, predators apparentl i :
marked nests as easil P ddition. ORellL .
y as marked nests. In addition, O'Re;j
: . , eilly a
II;Ilzllil:n t[11£289]( found no influence of distance between nest anc}il—n:s(i
I stakes (7—20 m) on predation rate. Nilsson
on | . et al. (1985) pl
1811;1;131 flags 1_0 n; from aﬁ‘tlfl(]lal Turdus nests in trees; predgtion)o?ticezg
was similar to that of unmarked nests. T i
. tudies con d
natural nests: one sug nos) tod ¢
: gested that predators (cranes) wer
; . e attracted t
;rtlirkefd dlspe_rse.d and cryptic nests of shorebirds (Reynolds, 1985) thg
er found similar survival rates for marked and unmarked Nort},lern

Lapwing (Vanellus vanellus) nest i
d .
defense (Galbraith, 1687 ) nests and attributed this to parental nest

covered

5.4. Desertion of Nests

. It is often s.tat’ed that birds tend to desert nests when disturbed early,

u ing nest building, egg laying, or early incubation. In five studies ths;

Sonforltlon (t)f successful nests was lower for nests visited early thal; for

rol nests; no or little predation was not
ed, and nest deserti

seemed to be the main reason for the lay and
: reduced success rate (T

Ellison, 1979; Steenhof a2 and
, ; and Kochert, 1982; Harris and Wa,

_ ' : , ; nless, 1984;

Pierce and Simons, 1986; Piatt et al., 1990; for less direct evidence, see

{
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ic ; erson and Keith, 1980; Cairns, 1980; Gaston et.al., 1988;
IS{Zigs:,lngSS%)éI—IIlgwever, five studies that included t}§e laying period founci
no effects of disturbance, indicating the%t desertion of nests does tnof
always occur after disturbance or that it depends on the amoun od
disturbance (Gargett, 1977; Sugden, 1978; Fraser et al., 1985; Grier an

; der, et al., 1989:314).

FYfei\Iloglg;’(fggs) netted female warblers at Fhe nest anc? recm;ded d_ese;—
tion rates; 48% (n = 27) during nest buil‘dmg and laying, 5% (.n d— 19)
during incubation, and 0% (n = 37) dur{ng the posthatch perio (s;e
also Lombardo, 1989, and references therein). Severgl authors regorteﬂla
high rate of nest desertion (and also high predatlop rate) durl'?lgl' e
laying period and assumed it was due to observer disturbance. ! 912 31)3
possible, or even likely (Zwickel and Carveth., 1978.; Myrberge.t, ,
but control nests are required for firm conclu.smns since desertion rates
can be high also in the absence of human dlsturbanc-e (Knopf, 1_979). .

F. C. Rohwer (personal communication) found dlfferencgs in nesd
desertion rates among three species of ducks. All nests were d1scl:i)ve;1.:e )
by flushing females from nests, and analyse§ were basesi on t et lirs
check after discovery of nests. Mallards had hlgher. desertion rc"ites an
Northern Shovelers (Anas clypeata), which .had higher desertion ratss
than Blue-winged Teals (p < 0.001). These c!lfferences are thox'lght to Ce
related to differences in life expectancy in tht.a three s.pemes.(F. 10.
Rohwer, personal communication), a hypothesis discussed in Section 10.

5.5. Extreme Temperatures

incubating or brooding adults are disturbed, eggs and young may
die blefaé:ﬁ:e of efposure to heat or cold. Only five studies suggestiad t.hlS
proximate reason for reduced success (Table IV), presumably reflecting
the fact that the data were mainly from temperate areas. The .1mportar.1<:e
of extreme temperatures probably depends on latitude, habitat, nesting

cover, and time of day of nest visit.

6. RELATIONSHIPS TO STAGE OF BREEDING AND
NESTING DENSITY

To examine the common assumption that nesting l:.)irds are suscept-
ible to disturbance early in the nesting cycle, I-class.lfled gll DE an(% IE
studies according to when they were initiated; e}ther in period 1 (pr-e gy?:
ing or laying; n = 49 papers), period 2 (incubation; n = 26), or perio
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(posthatching, n = 7). I then compared the proportion of papers report-
ing effects (reduced nesting success or increased predation) in each
period. Effects were found in 59% of period 1 papers, in 46% of period 2
papers, and in 29% of period 3 papers (0.1 > p > 0.05, one-tailed x2 test,
periods 2 and 3 combined), suggesting a weak trend for birds to be more
susceptible to disturbance early in the breeding cycle. At that time,
territories or nests may more often be deserted (see above), and lower
nest attendance and weaker parental defense of nests may lead to
increased predation of nests of disturbed pairs. As it is easy to overlook
nests that are deserted during nest building and egg laying, it is possible
or likely that the negative impact in period 1 was underestimated.

For period 3, effects on chick growth rates are also relevant, as
fledging weights may influence future survival and fitness (Richner et
al., 1989, and references therein). Two studies of alcids reported de-
creased growth rates of disturbed chicks (Harris and Wanless, 1984, and
Birkhead cited therein). Pierce and Simons (1986) found lower weights
of disturbed than of undisturbed chicks, and attributed this to an age
difference resulting from prolonged incubation in disturbed areas. In
four other studies, no effects on growth rates were found (Cairns, 1980;
Parsons and Burger, 1982; Hedgren cited in Harris and Wanless, 1984;
Feare, 1984).

To examine the influence of nesting density, I classified papers as to
whether solitary (< 5 nests/ha) or colonial species (= 5 nests/ha) were
studied. The specified densities meant that a few species that are not
normally regarded as colonial were classified as such (four studies of
ducks, one of a shorebird, and one of a passerine). For the papers in Table
II1, effects of disturbance on nesting success were noted in 26 (74%]) of 35
studies of colonial species, but only in 7 (21%) of 33 studies of solitary
species (p < 0.001, x2 test, two-tailed). Similarly, among studies examin-
ing nest predation, effects of disturbance were noted in seven of ten
studies of colonial species, but only in one of four studies of solitary
species. These comparisons might be biased by smaller sample sizes in
studies of solitary than in colonial species, leading to reduced power of
statistical tests in the former studies (see Section 4 for a discussion).
Nonetheless, I believe the results suggests that, with regard to nesting
success, colonial species are especially susceptible to disturbance. The
result may reflect differences between taxonomic groups rather than
variation in nesting density per se. To examine this, I repeated the
analysis, including only passerines. Effects of disturbance on nesting
success were noted in two of three studies of colonial passerines, but
only in 1 of 11 studies of solitary passerines. Although the difference in
this smaller sample was not significant (p = 0.19, Fisher’s exact test,
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two-tailed), it suggests that nesting density is an important factor also
within orders. Aggregations of nests provide a rich, clumped food
source that is easy to locate for predators that nest in or close to them.
Colonial birds may actively defend their nests (Goétmark and Andersson,
1984: Wittenberger and Hunt, 1985) but human disturbance may disrupt
their normal behavior and increase desertion rates and predation or

intraspecific killing of eggs and young.

7. EFFECTS OF DISTURBANCE ON BREEDING DENSITY
AND NEST SITE SELECTION

Several studies suggested that nesting density may decline in study
areas because of disturbance. Settlers may choose to nest away from
disturbance and pairs with nests in which incubation has not begun may
desert (see above) and move elsewhere. Effects on density were found in
Double-crested Cormorants (Phalacrocorax auritus) (Ellison and Cleary,
1978), Black-crowned Night-Herons (N. nycticorax) (Tremblay and
Ellison, 1979), Black Skimmers (Rhynchops niger) (Safina and Burger,
1983), Tufted Puffins (Fratercula cirrhata) (Pierce and Simons, 1986),
and apparently in Jackass Penguins (Spheniscus demersus) (Hockey and
Hallinan, 1981).

Abandonment of nest sites and changes in nest site selection be-
cause of disturbance were documented also between years. Changes in
nest tree selection were found in Black-billed Magpies (Pica pica)

(Knight and Fitzner, 1985; see also Dhindsa et al., 1989), and pairs of
Ferruginous Hawks (Buteo regalis) that deserted nests after disturbances
shifted to different territories the following year more often than undis-
turbed control pairs (White and Thurow, 1985). In Gyrfalcons (Falco
rusticolus) (Platt, 1977), helicopter overflights did not reduce nesting
success, but disturbed pairs changed nest site in the following year more
often than undisturbed pairs (observed from the ground at some dis-
tance). No between-season effects of disturbance were recorded for Bald
Eagles (Haliaeetus leucocephalus) in studies with few and late nest
visits (Grier, 1969; Fraser et al., 1985). Long-term studies of Adelie
Penguins indicate that heavily disturbed areas are avoided, with declin-
ing nest densities there (Reid, 1968; Ainley et al., 1983; Wilson et al.,
1989, and references therein). Finally, during several years, nesting Ring-
billed Gulls (Larus delawarensis) were observed to desert areas of the
colony where investigators studied them the year before (Conover and

Miller, 1978).
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8. EFFECTS OF DISTURBANCE ON BEHAVIOR

8.1. Parental Behavior

ObVigl(:;m; tc}ilearrslges iln avian behavior during investigator disturbance are
, are iess apparent. For instance, red
while observers check nests i ivi tion. ooy endance
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3231‘:1%6 ttl)me spent off nests was higher after a disturbamceg thii ilagrlln .
(Forbs; :r eg nest reliefs; the reverse applied to the hatching perigg
disturbalalge Oz?lilkneg, 5988}3. fin Arctic Loons (Gavia arctica), a short
ncubating birds increased the time th ’
compared with nest reliefs durin i ditions Bt
' g undisturbed conditions, b is di
not %afeflfn to increase nest predation (Gétmark et al., 1989 , 1;;(;)}118 i
ing bill-d:r::rtn r;ls.potnses to investigators in different popula’tions o'f nest
icate comparisons of these populati i i i
' . : pulations if nest -
f:;ioll‘z taffzaictteg bi investigators only in certain areas Corsvlilclli salxllcii
end tn be shy at nests in areas where th .
nes ey are persecut
zlcg"gfsarleslsg%% agéres;we in areas where they are notI;) ersecuteedd?é?sfz
en, ; Knight, 1984; Knight et al., 19
‘ , 1984; ., 1987, 1989). Possibl
populations of these speci i i g Al
popul pecies are more susceptible to investigator distur-
parellf;llgihnt ‘lr;fnz‘:;ﬁptlﬁz (1986\/)\/ l;lighliﬁhted a potential problem in testing
' eory. en the observer uses hi h
examine seasonal antipredator behavi ety
or of parents, he or sh
poses a threat but always withd itiv Mmoot
. . B ti i
P cosp ot ' withdraws. By positive reinforcement, the
ght with time become inordin ’
' . ately bold
Is(l:vgvlllltli cgnr;:‘lum?ns about seasonal predator harassmeit Eve,ntt?gsg}{
nd Temple’s argument is compatible wi i
) : ith theory in this fi
; ﬁlgdii%feargéy és not the only reason for increased seasonasi nest defelrig
aranza, 1989:370; Westmoreland i
o odondo : ; nd, 1989), they ill
hz-tt it is 1m1-30rt.ant to realize that investigator behavioz ma yilnfimtmte
av1aII1 behavior in various and unexpected ways\ ymitenee
n two studies, parents laid eggs outside nests, apparently because

they were kept off nest i i
ooy p s by investigators (Feare, 1976; Wackenhut et al.,
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8.2. Behavior of Young and Habituation to Field Workers

In many colonial birds, disturbance leads to higher mobility of
chicks, which may affect their survival. Herring Gull chicks handled
daily ran farther away from their nests when approached than those
handled weekly; thus, they did not habituate to observers. Weekly
handling of chicks did not result in higher chick mobility than distur-
bance without handling (Burger, 1981). In Ring-billed Gulls, disturbance
increased the number of running chicks, adult attacks on chicks, and
pecks per attack (Fetterolf, 1983). Chick running in response to handling
seems to vary with chick age, intensity of handling, weather, and species
[Black Skimmers responded more strongly than Common Terns (Sterna
hirundo)] (Gochfeld, 1981). In tree-nesting Black-crowned Night-
Herons, chicks that were handled and weighed from hatching onward
stayed in nests during visits, whereas those that were handled and
weighed at an age of three weeks moved some distance (< 4 m) away
from nests, indicating that experimental chicks habituated to investiga-
tors (Parsons and Burger, 1982).

Several authors concluded that adults and chicks to some extent
habituated to the presence of investigators; responses of disturbed birds
to people seemed to be weaker than those of undisturbed birds (Robert
and Ralph, 1975; Schreiber, 1979; Parsons and Burger, 1982; Ainleyetal.,
1983; see also Cooke, 1980; Burger and Gochfeld, 1981, 1983; McNicholl,
1983). The degree of habituation may increase gradually during a nesting
season, and this pattern may be repeated each season (Schreiber, 1979),
but banding and handling of chicks may change their response and
result in lifelong habituation to people (Ainley et al., 1983; Snyder and
Snyder, 1974; see below). Banded and unbanded Black-billed Magpies,
however, did not differ in flushing distance when approached by a
human observer (Dhindsa and Boag, 1989). Even though habituation
sometimes occurs, this does not mean that observer effects can be
excluded; in fact, negative effects were found in most studies cited in

this paragraph.

9. METHODS THAT MITIGATE DISTURBANCE EFFECTS

&

Sometimes one can guess (Stoddard, 1932; Reed, 1975) or observe
(Gotmark et al., 1989, 1990) which nests failed because of observer
disturbance, and these can be excluded in analyses. Many procedures
for reducing a negative impact, however, were suggested in the literature,
and these should be used if possible. For reviews concerning raptors, see
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density (van Paassen et al i 8 Canton Jommicos o0 088
., 1984; Collins and Gaston, 1987;
ences therein). Field workers should b dons ond xefer-
nce: . cover nests with dow
tion if the species studied covers i oios. oo
ts eggs. In some colonial i i
to hatching fences could be tativo or sanclomby
erected around representati
chosen nests or groups of nests. P ing vh o e o 8
. Posthatching visits to th
then be made when as m i : T A
any chicks as possible are 1
successfully return to the natal territo i o oo b
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The fact that avian predators may learn to associate nest markers or
tield workers with prey (eggs) have led many researchers to extreme
precautions during fieldwork. For example, in studies of artificial nests,
nests are often placed out without markers and in darkness, and rubber
boots and gloves are used to minimize human scent. This is good but in
many cases probably unnecessary, judging from studies cited in Sec-
tions 5.2 and 5.3. Effects of nest markers were recorded only for large,
conspicuous markers and dispersed cryptic nests. Small, inconspicu-
ous markers probably present no problem (natural objects of various
sorts are especially useful for marking nests, if carefully described in the
notebook). Also, in no case have mammalian predators been shown to
follow observers to nests, and such behavior in avian predators has
rarely been demonstrated (e.g., Veen, 1977; Strang, 1980; Vacca and
Handel, 1988; Gotmark et al., 1990). Open habitats, high Jocal nest
density, and many repeated visits to the same nests increase the oppor-
tunities for avian predators to learn to follow observers, but I believe
that, in most cases, increased avian predation during disturbance results
from increased opportunities for predators (unattended nests or young)
rather than responses to observers per se.

Some other suggestions to reduce the effects of disturbance in
individual species can be found in the papers in the reference section
(Table II may be helpful in searching by order). Anyone who wants to
study a sensitive species should carefully consult the literature and
contact people already studying the species, because disturbance effects
are probably not always mentioned in the papers.

10. GENERAL DISCUSSION

This review suggests that an impact of investigators on avian nesting
parameters may be quite common. About half of the 69 papers I investi-
gated concluded that disturbance lowered productivity, but certain
groups (particularly colonial birds) seemed more susceptible than
others (Table III). However, it is doubtful that the proportions of studies
reporting effects in different groups (Table III) are representative of
investigator effects in nesting studies of these groups in general. Possi-
bly, certain sensitive species or situations were overrepresented; certain
study areas or nests were also visited more frequently than others (Fig. 1).
On the other hand, I excluded special trapping or marking techniques in
this review, and they may affect nesting success, as well as adult and
chick survival. Avian predators often preyed on disturbed nests, but,
contrary to common belief, there was little evidence that mammalian
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likely to die from shooting or other forms of persecution. Similar effects
cannot be excluded in other species that are hunted or persecuted by
humans.

Visitation frequency to nests likely influences the degree to which
nesting success is reduced by disturbance (Fig. 1; Fetterolf, 1983). Be-
cause visitation rates vary, it may be misleading to make comparisons
between studies of species unless the data can be corrected for the
influence of visitation rate. Also, comparisons between species, fami-
lies, or orders may be biased because of differential sensitivity to
disturbance (Table III). Thus, apart from biasing nesting parameters,
researcher disturbance complicates comparisons within and among
species. A third problem is that the relationship between habitat type,
nest concealment, and nesting success may be confounded (Westmore-
land and Best, 1985, and references therein). Finally, a fourth problem is
ethical or political; because of the effects of disturbance, landowners
and managers might be unwilling to allow research in natural areas or
reserves (Duffy, 1979; Sedinger, 1990). This problem could partly be
overcome by information and, as in the case of the other problems, by
mitigation techniques.

Differences in sensitivity to disturbance among orders relate to
differences in nest density, conspicuousness of adults and nests, and
availability of nest predators. It also seems that species or taxa differ in
the extent to which nests or territories are deserted in responseé to
disturbance, although I was unable to quantify this. Nest desertion
during prelaying, laying, or incubation may be frequent amonsg, for
instance, certain raptors, gallinaceous birds, and colonial birds, where-
as I think that most ornithologists would agree that many passerines
withstand relatively extensive disturbance without desertion early in
the nesting cycle. There may be several reasons for such differences.
First, susceptibility of raptors may partly be an effect of persecution by
humans (Biljeveld, 1974; Newton, 1979); the birds simply avoid areas
inhabited or visited by people (e.g., Speiser and Bosakowski, 1987;
Andrew and Mosher, 1982). In contrast, passerine birds (except corvids)
are not often persecuted. Persecution might also influence the behavior
of some colonial birds, but nest desertion in this group is more likely
related to the selection of inaccessible or protected nest sites (islands,
trees, cliffs); if such a site can be reached by mammalian predators
(including humans), the birds may sometimes consider it unsafe and
desert it. Second, life history traits may account for some of the differ-
ences between orders. Most passerines are short-lived and may be
selected to take greater risks when reproducing (cf. Clark and Ydenberg,
1990): interrupting a nesting attempt may have dramatic effects on
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fit i i
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1982,. Erw., dson, 1979; Hensler and Nichols, 1981; Bart and Robs ’
; in and Custer, 1982; Pollock and Cornelius, 1988; Johnson ailrzi,
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Shaffer, 1990). Finally, in studies that fail to reject a null hypothesis, it is
useful if authors report the power of their test (e.g., Nichols et al., 1984;
Forbes, 1990, and references therein).

In the case of point (2), proximate mechanisms, we have no precise
or good estimate of the degree to which disturbance increases territory
and nest desertions, and this may be examined in a study of nest site
selection (see below). One problem is that nests are not always attended
during laying and thus they may fail before being detected. However,
species with large or clumped nests may be observed from a distance.
Further, whether nesting is interrupted or not might be possible to judge
from the behavior of adults (e.g., Willis, 1973). I suggested above that,
among species, both degree of human persecution and life expectancy
should influence territory and nest desertion. These ideas could be
tested by experimentally disturbing closely related species that differ in
life expectancy or with regard to persecution.

Regarding point (3) pertaining to nest site selection and density,
point (4) on habituation, and point (5) on postfledging survival, there are
only a few relevant studies, and more work, especially long-term
studies, is needed. The fact that disturbance effects may vary between
nesting seasons, because of differences in food supply (White and
Thurow, 1985) or other unknown factors (Ellison and Cleary, 1978), also
suggests that long-term studies {three or more nesting seasons) are
important. With regard to nesting density, one may predict either de-
creased or unchanged density in disturbed plots over several years of
study. No change is predicted if there are no or minor effects on nesting
success, and habituation to tield workers. Reduced density is predicted
if nesting success decreases and perhaps also if there are negative

physiological effects of disturbance that do not necessarily influence
nesting success (€.8., stress effects: Gabrielsen, 1987; Wilson et al., 1989;
see also Platt, 1977, in Section 7 for a possible example). The predictions
become more complicated when site tenacity is taken into account (van
der Zande and Vos, 1984:239; van der Zande et al., 1984:22). It tends to
preserve present densities of breeders in a disturbed area, but new-
comers might avoid it, and in the long run density may decrease.
However, this might not be the case if there is a surplus of nesters
(“floaters”) willing to settle. Another problem that should not be over-
looked is that birds may desert disturbed areas and settle in control sites,
artificially increasing density there (Safina and Burger, 1983). With
regard to point (5), & long-term study of disturbance and nest site
selection also has the potential to examine postfledging survival of
chicks in disturbed and undisturbed areas. Survivorship might be esti-

mated from recoveries of banded birds or from resightings of nestlings
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CHAPTER 4

ANALYZING QUANTITATIVE
RELATIONSHIPS BETWEEN
SEABIRDS AND MARINE
RESOURCE PATCHES

J. CHRISTOPHER HANEY
and ANDREW R. SOLOW

1. INTRODUCTION

Spatial relationships in the ocean form the bases for interpreting many
aspects of seabird ecology. Spatial characterization enables the detection
of foraging segregation among seabird species (e.g., Trivelpiece et al.,
1987; Weimerskirch et al., 1988). Distances that seabirds commute to
obtain food for their young (Adams and Wilson, 1987) and the proximity
of suitable foraging zones to colonies (Anderson and Ricklefs, 1987)
have implications for a large suite of seabird life history parameters:
activity and energy budgets of adults (Prince and Francis, 1984; Cairns et
al., 1987a), colony attendance (Gaston and Nettleship, 1982; Piatt et al.,
1990), meal delivery to chicks (Ricklefs et al., 1985), chick growth rates
(Shea and Ricklefs, 1985; Nelson, 1987), breeding success (Schaffner,
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no help in correctly maintaining an animal from
a selected area.

Even with these problems, this book would have
been an acceptable and even welcome attempt to
present data on these animals, except for the de-
plorable job done by the publisher. The photographs
are often upside down or sideways, including the
front cover! The type size, credits and cropping
of correctly oriented figures are so poorly done that
they are also irritating to look at. The computer
generated figures are printed with a dot-matrix
printer and assault the eye. Wording in the text
is sometimes stilted, and one wonders if the pub-
lisher’s editors helped the author at all. Itis a shame
that such a significant amount of information is
so poorly displayed. For the cost, it is difficult to
recommend this book except to the serious student
of Southeast Asian herpetology.

NeiwwL B. Forp, Biology, University of Texas, Tler,

Texas

THE Russtan JournaL oF OrNiTHOLOGY. Volume 1,
Number 1.

Edited by Alexander Bardin. Alga Publishers, St. Pe-

lersburg; subscription orders: E. Potapov, /o EGI,

Department of Zoology, South Parks Road, Oxford 0X1

3PS, United Kingdom. £27 (paper). 120 p.; ill.; no

index. ISSN: 0869-4362. [Written in Russian.]

1992.

A new ornithological journal has been born in Rus-
sia. This is truly good news: Ornithological research
haslong and strong traditions in Russia, extending
back to the mid-19th century (and even further
if the 18th-century explorations to the Eurasian
continent are considered), and the traditions re-
mained in good shape in the Soviet Union, but
there has been a chronic lack of publication fo-
rums. Russian ornithological literature has mainly
appeared in a series of volumes called Ornitologiya
(Ornithology), published almost annually by Mos-
cow University, and in various Shorniks (article col-
lections), published irregularly by universities and
institutes, which are very difficult to learn about
and practically impossible to obtain.

The first number is published in Russian, with
English abstracts attached to both articles and short
communications. In his introductory text, how-
ever, the editor in chief sets the publication of pa-
pers in English as a future goal. The first number
contains 8 articles, 3 short comrmunications, 1 re-
view, and 1 meeting chronicle. The first two arti-
cles deal with paleontology: Nesov of St. Peters-
burg University reviews the known localities of
Mesozoic and Paleogene birds of the former USSR,
and Irisov of the Biological Institute of the Novosi-
birsk Branch of the Academy of Sciences describes
a new hypothesis about the origin of birds in high-

VoLUME 68

altitude environments. The rest of the articles deal
with a variety of subjects ranging from circadian
rhythm in the chaffinch, and variation in the wing-
shape in swallows and sand martins, to population
structure in pied flycatchers according to blood par-
asite data, and commensalism in winter feeding
between tits and red squirrels.

Because of the wide range of topics covered, it
is impossible to summarize the number in more
detail. Some of the articles share the problem that
is typical of Russian biological research and due
to the insulation from international exchange Rus-
sian scientists have been suffering for decades: They
are overtly descriptive, without any clear theoreti-
cal context. Descriptiveness per se is no problem,
but the lack of context is. Increasing publication
frequency is the correct way to make scientists more
context-conscious; thisis yet another reason to wel-
come this new journal.

The first number is technically adequate, but the
reader gets curious about publisher details: One
learns that the editor in chief is Aleksandr Bardin,
and the publication is sponsored by “The Alga As-
sociation,” which is characterized as “a scientific-
industrial complex.” There is no mention of an
advisory board, or of any referee procedure used
for evaluating the submissions. These are details
I would like to see corrected in future issues. It is
hoped that it will be the contents that ultimately
matter, but a better substantiated scientific back-
ground would increase confidence in the survival
of this very valuable and timely enterprise.

Yrj6 HaiLa, Satakunta Environmental Research

Centre, University of Turku, Turku, Finland

Current OrNITHOLOGY. Volume 9.

Edited by Dennis M. Power. Plenum Press, New York.

$69.50. xiv + 247 p.; ill.; index. ISBN: 0-306-

43990-5. 1992.

Volume 9 maintains a standard set by this series,
making a significant contribution to ornithology.
Its six papers review diverse aspects of avian biol-
ogy and, without exception, raise important ques-
tions for future research.

Bucher’s is a convincingly argued account (Chap-
ter 1) of extermination, through loss and fragmen-
tation of forest habitat, of a nomadic specialist, the
passenger pigeon. His paper also raises important
conservation issues, in the context of landscape
scale, for many species, particularly those with co-
lonial and flocking habits.

Cairns’s discussion (Chapter 2) of population
regulation in seabird colonies suffers, in my opin-
ion, from imprecision in the use of terms: “regu-
late” seems to be used synonymously with “influ-
ence,” “affect,” and “control.” Thus we read “Food
supply could affect populations . . .” (p. 40). “The
clearest examples of food-based population regula-
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tion during nonbreeding come from the El Nifio-
Southern Oscillation (ENSO) . . ." (p. 41). “. . .
food shortages . . . would also influence colony
size . . .” (p. 42), and “breeding site limitations
may control colony populations . . .” (p. 42). Surely
regulation implies a negative feedback system in
which individuals in a population show appropriate
reproductive responses (increase, no change, de-
crease) to a given set of environmental conditions.
Control implies no such system and is usually man-
ifested only in lowered population size. Thus the
ENSO, causing mass starvation, would seem not
to be a form of regulation.

Gétmark's paper (Chapter 3) is a very timely
discussion of the researcher’s impact on the nesting
success of birds, a subject made complex by varia-
tion in bird species studied, predator community
involved, and researcher behavior. That Gétmark
could find “no or very little evidence for increased
nest predation by mammals as a result of researcher
disturbance” (p. 79) should be viewed with caution
and become a prime subject for investigation.

Haney and Solow’s chapter (4) on analysing quan-
titative relationships between seabirds and marine
patches will become required reading for all stu-
dents of marine ornithology as they embark on
studies of seabird population ecology. I suspect
that many of the principles enunciated would apply
equally to other flocking and nomadic species.

Martin describes (Chapter 5) an interactive model
that links nest predation, food limitation, and re-
productive strategies of birds. This model is based
on a number of assumptions, many needing vali-
dation, particularly the impact of the research on
nest predation. That Martin has not cross-refer-
enced Gtmark’s paper in the same volume is sur-
prising; it throws considerable doubt on the valid-
ity of a key assumption.

Spector reviews (Chapter 6) the singing behav-
ior of wood warblers and the nature of their song
systems. In so doing he raises a number of interest-
ing hypotheses about song function and phyloge-
netic relationships.

The editor, to be commended for drawing upon
an international authorship (3 of 7), has, however,
failed to present for his readers the published litera-
ture in languages other than English, Of the 997
citations, only 11 are in a foreign language. Are
we to interpret this to mean that 99 percent of the
pertinent literature is in English? Or is this a sad
comment on the arrogance of the English-speaking

scientific community? With the exception of one
chapter, the accounts are well written (split infini-
tives seem to have been accepted by the editor)
and relatively free of jargon. Typographical errors
are few (I counted 7) and in Table I1I (p. 73) Galli-
formes and Gruiformes are interchanged.

Davip A. Boaa, Zoology, University of Alberta, Ed-

monton, Alberta, Canada
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STORKS, IBISES AND SPOONRBILLS OF THE WORLD.
By James A. Hancock, jJames A. Kushlan, and
M. Philip Kakl; illustrated by Alan Harris and David
Quinn. Published with the support of the Brekm Foun-
dation by Academic Press, London and San Diego (Cal-
ifornia). $139.00. vi + 385 p.; ill.; index. ISBN:
0-12-322730-5. 1992.

Storks, ibises, and spoonbills comprise a diverse

group of wading birds that range in appearance

from the grotesque to the beautiful, in social habits
from solitary to highly colonial, and in demograph-
ics from small, isolated populations to continent-
wide distributions. Additionally, whereas some spe-
cies have been studied for centuries, the natural
history of others remains virtually unknown. The
authors, each having extensive experience with this
avian group, have teamed up to produce a compre-
hensive yet detailed volume that not only presents
what is known of this group but also emphasizes
what is currently not known. The text, numerous
illustrations, and large format (9%" x 12") make

Storks, Ibises and Spoonbills of the World both informa-

tive and attractive, much in keeping with Hancock

and Elliott’s earlier work, The Herons of the World

(Harper & Row, New York, 1978).

The book is organized into five photo-illustrated
chapters— Introduction, Classification, Conser-
vation, Courtship and reproduction, Feeding be-
haviour and ecology — followed by the 49 species
accounts. Each species account discusses identifi-
cation, distribution, ecology, breeding, taxonomy,
and conservation, and includes a range map and
a full-page color plate. The artwork, by the way,
exhibits some of the best bird portraits in a book
of thiskind. A 44-page Appendix lists body measure-
ments, egg measurements, and egg-laying months
in different geographic areas for each species, and
an extensive bibliography contains over 4,000 ref-
erences.

Throughout the book the authors stress the need
for conservation. It is disheartening to learn that
over 20 percent of the species are endangered or
vulnerable, and that in the past five decades “popu-
lations of most storks, ibises and spoonbills have
been reduced by at least a half, and in many species
by more” (p. 16). Some, such as the Waldrapp
Ibis (Geronticus eremita) and Storm’s Stork (Ciconia
stormi), may soon be lost from the wild. Thus cer-
tain species and their associated habitats require
immediate attention to avoid extinction. Unfortu-
nately, the cost of the book may keep it out of the
hands of wildlife managers in those countries that
could benefit most from the information it offers.

Some readers may take issue with several taxo-
nomic arrangements. For example, the White Ibis
(Eudoctmus albus) and Scarlet Ibis (E. ruber), origi-
nally considered distinct species of a superspecies,
are here considered subspecies of a polytypic spe-



