
  Society for Northwestern Vertebrate Biology is collaborating with JSTOR to digitize, preserve and extend access to
Northwestern Naturalist.

http://www.jstor.org

Marbled Murrelet Group Size at Sea as an Index to Productivity 
Author(s): Diane Evans Mack, Martin G. Raphael, Fred Cooke and Conrad Thiessen 
Source:   Northwestern Naturalist, Vol. 85, No. 1 (Spring, 2004), pp. 1-10
Published by:  Society for Northwestern Vertebrate Biology
Stable URL:  http://www.jstor.org/stable/3536471
Accessed: 19-05-2015 18:34 UTC

 REFERENCES
Linked references are available on JSTOR for this article: 

 http://www.jstor.org/stable/3536471?seq=1&cid=pdf-reference#references_tab_contents

You may need to log in to JSTOR to access the linked references.

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
 info/about/policies/terms.jsp

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content 
in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. 
For more information about JSTOR, please contact support@jstor.org.

This content downloaded from 142.58.26.133 on Tue, 19 May 2015 18:34:34 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org
http://www.jstor.org/action/showPublisher?publisherCode=snwvb
http://www.jstor.org/stable/3536471
http://www.jstor.org/stable/3536471?seq=1&cid=pdf-reference#references_tab_contents
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


NORTHWESTERN NATURALIST 85:1-10 SPRING 2004 

MARBLED MURRELET GROUP SIZE AT SEA AS AN INDEX 
TO PRODUCTIVITY 

DIANE EVANS MACK1 AND MARTIN G RAPHAEL 
PQcific Northwest Research Station, 3625 93rd Ave. SW, Olympia, Washington 98512 USA 

FRED COOKE AND CONRAD THIESSEN 

Centrefor Wildlife Ecology, Simon Fraser University, 8888 University Avenue, Burnaby, 
British Columbia V5A 1S6 Canada 

ABSTRACT Population demographics of marbled murrelets (Brachyramphus marmoratus) are 
difficult to measure. Population size can be estimated from at-sea densities, and productivity 
indices are sometimes derived from ratios of hatch-year to after-hatch-year birds observed dur- 
ing systematic surveys on the ocean. However, one cannot determine from marine surveys alone 
what proportion of a marbled murrelet population sampled at sea is nesting in any given year, 
which would allow a more meaningful interpretation of productivity ratios. We hypothesized 
that group size (the number of murrelets occurring together on the water) could provide such 
an index if it could be demonstrated that single murrelets detected on the ocean during the 
incubation phase of the breeding season represent breeding birds. We monitored radio-tagged 
murrelets in Desolation Sound, British Columbia, from 29 May through 19 June 2001, using an 
incubating pair's distinct 24-h on-off occurrence on the water to determine nesting status. Of 
160 murrelet groups comprised of at least 1 individual of known nesting status, there was a 
significantly greater percentage (37%) of single birds among incubating murrelets than among 
non-incubating birds (20%). Annual variation in the proportion of single murrelets recorded on 
marine surveys in Puget Sound during peak incubation corresponded with the annual produc- 
tivity index in 4 of 5 y from 1997 to 2001. Our results suggest that group size, especially the 
proportion of single-bird groups, may help assess the proportion of murrelets that are nesting. 
Multiple-year comparisons of group size with nesting rates are needed to validate and interpret 
these results, and we need to continue to explore new methods to measure murrelet productiv- 
ity. 

Key words: Brachyramphus marmoratus, marbled murrelet, group size, marine surveys, tele- 
metry, nesting status, productivity ratios, Desolation Sound, Puget Sound, British Columbia 

Many seabirds, and most alcids, are colonial 
ground-nesters whose breeding sites can be 
monitored for such demographic parameters as 
population age structure, number of breeding 
attempts, and fecundity (Gaston and Jones 
1998). The marbled murrelet (Brachyramphus 
marmoratus) poses a greater challenge because 
active nests in the forest canopy are dispersed 
and adult activity in the forest is more often at 
dawn or dusk, making nests difficult to locate 
and monitor. As a result, age structure is pre- 
sumed from related species (Beissinger 1995) 

1 Present address: Idaho Department of Fish and Game, 555 
Deinhard Lane, McCall, ID 83638 USA; devansmackG 
idfg.state.id.us. 

and fecundity is indexed by productivity, 
which is measured indirectly from counts at 
sea. Currently the most-frequently used index 
of productivity is obtained from the ratio of the 
number of juvenile to adult murrelets observed 
on the ocean (Beissinger 1995; Ralph and Long 
1995; Kuletz and Kendall 1998). This measure 
is confounded by several factors. There is an 
unknown proportion of nonbreeders in murre- 
let populations observed at sea, which, based 
on other Pacific Alcidae, could range from 15 to 
>50% annually (Sealy 1975; Ewins 1993; Gas- 
ton 1994). Nonbreeders, likely consisting pri- 
marily of 1- to 3-y-old pre-breeders, are not re- 
liably distinguished from adults as observed 
from a slowly moving survey vessel (but see 
Sealy 1975). Similarly, juveniles (hatch-year) 
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2 NORTHWESTERN NATURALIST 85(1) 

become difficult to distinguish from molted af- 
ter-hatch-year birds by early fall (Carter and 
Stein 1995), potentially resulting in underesti- 
mation of juvenile numbers. Detection proba- 
bilities may differ between juveniles and 
adults, due to behavior or differential habitat 
use (Kuletz and Piatt 1999), and movements of 
after-hatch-year and juvenile murrelets within 
the breeding season bias both components of 
the ratio. For example, there is a steady increase 
in numbers of marbled murrelets on the waters 
around the San Juan Islands, Washington, be- 
ginning in late July that exceeds what can be 
attributed to the appearance of fledged juve- 
niles and reappearance of nesting adults that 
have completed incubation (Raphael and Evans 
1997). Most of these birds are incorporated into 
the adult and not the juvenile component of the 
productivity ratio. If juvenile immigration was 
proportional and followed the same temporal 
pattern, the ratio might not be biased but 
wouldn't necessarily reflect local production. 

Kuletz and Kendall (1998) proposed adjust- 
ing productivity ratios by using early-season 
counts of adults as the denominator (sequential 
vs. concurrent ratios), minimizing the bias of 
adult post-breeding movements. We explored 
this and other adjustments to marine survey 
data in Washington and found that our study 
population could be described as declining, 
stable, or increasing based solely on the method 
of calculating ratios (Raphael and Evans 1997). 
Ideally, the productivity index should be de- 
rived from known local breeders, but there has 
been no method to determine from marine sur- 
veys alone what proportion of the population 
sampled at sea is nesting in any given year. 
Here we consider group size (the number of 
murrelets occurring together on the ocean, see 
below for more complete definition) as a pos- 
sible local index to breeding activity. 

Marbled murrelets occur as pairs and singles 
on the ocean more than any other group size 
(Carter and Sealy 1990; Strachan and others 
1995; Collins 2000; Carten 2001). Studies in 
British Columbia have effectively demonstrat- 
ed that groups of 2 marbled murrelets captured 
early in the breeding season are likely to be 
male-female pairs (Sealy 1975; Vanderkist 1999; 
McFarlane Tranquilla and others, In press), and 
McFarlane Tranquilla and others (In press) 
proposed that counts of pairs early in the 
breeding season could reflect breeding activity. 

Alternatively, the unique incubation pattern of 
nesting marbled murrelets, combined with our 
perception that the proportion of single birds 
observed from marine surveys changed sea- 
sonally, suggests that single birds may be a bet- 
ter indicator of breeding activity. 

When incubating, a nesting marbled murre- 
let spends about 24 h on the nest, and then 
spends the next approximately 24 h on the 
ocean while its mate incubates the egg (Nelson 
1997; Bradley 2002). Therefore, during the in- 
cubation phase of the nesting cycle a given bird 
will be on the ocean every other day. During 
chick rearing, both parents make feeding visits 
to the nest, but they resume a daily occurrence 
on the water. The daily on-off incubation pat- 
tern suggests that single birds should be more 
commonly observed on the ocean during the 
incubation period compared with the chick- 
rearing or post-breeding periods. Further, be- 
cause many pairs of murrelets captured early 
in the breeding season are male-female pairs, it 
follows that these pairs would be separated 
during incubation, and the sightings of singles 
on the ocean would increase. 

We suggest that group size could provide an 
alternative index to productivity if it could be 
demonstrated that single murrelets detected on 
the ocean during the incubation phase of the 
breeding season represent nesting birds. If 
true, this could lead to a simple way of esti- 
mating the proportion of breeding birds from 
populations sampled with marine surveys. Our 
objectives in this study were to (1 ) observe 
group size in a population of marked birds 
whose nesting status was known, and (2) ret- 
rospectively examine marine survey data to (a) 
determine if the frequency of single birds 
among murrelet groups detected on the water 
changed seasonally, (b) examine whether the 
proportion of single birds during the incuba- 
tion period changed year to year, and (c) test 
whether the annual change in the proportion of 
singles during incubation corresponded to an- 
nual variation in productivity, as estimated 
from juvenile to adult ratios. For this test, we 
were primarily interested in concordance of di- 
rections of change from year to year in the pro- 
portion of singles and in the juvenile to adult 
ratio. 

STUDY AREAS AND METHODS 
From an earlier assessment of marine sur- 

veys in the San Juan Islands (Fig. 1), we had ob- 
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FIGU:FtE 2. 5easona1 variation in proportions of 
morrelet group sizes (lt 2, 3 or more individuals) 
from marine surveys in San Juan IsIands) WashiIIg- 
ton, was consistent among years. Sample sizes (n) for 
the 3 months total are shown above bars for each 
year. 

Beginnirlg 25 Aprilf telemetry morlitoring 
flights were conducted daily by helicopterf 
with the flight path passing over the main wa- 
ters of Desolation Sound andt on routes alter- 
natirlg by dayf oxrer the main drainages w:ithin 
the study area tsee Hull and others 2001 for a 
detailed map of this study area). Part of each 
dayts flight included a stop nn a centrally lo- 
cated ridgef and all extant frequencies were 
scanrwed from this location. We use<:l the dis- 
tinct 24-h con-off pattern to identify nesting sta- 
tus (Bradley 2Q02). For our studyJ murrelets de- 
tected consistently on alternating days on the 
water were assumed to be in the incubating 
phase of their breeding cycler and locations of 
birds at inland nest sites confirmed nesting sta- 
tus. To identify the beginning of the chick-:rear- 
ing periodX we used a 30-d lncubation peried 
(Nelson 1997) in combination with daily detec- 
tions of the radio-tagged adult on the water. A 
cessation of the 24-h cen-off pattern in c30 d 
identified failed nesters (unlesst for birds 
tagged after they initiated incubationr contin- 
ued inland visitation suggested chick-rearing 
lBradley 2OO2])J and birds that never initiated a 
consistent on-off pattern were classified as non- 
nesters. 

To assess the relationship between group 
size on the ocean and nesting statusr we visu- 
ally located the radio-tagged birds from a small 
boat during 29 May through 19 June 2001. Ob- 
servations were concentrated in the central por- 
ticon of Desolati<}n Sound, from the west and 
south ends of Homfray and Waddington chan- 
nelsf respectively, to the area between the 
northwest tip of the Malaspina Peninsula and 

FIGURE 1. Paget SourEL (including the San }uan Is- 
lands, JSJ IS)J Washingtcznr and Desolation Soundr 
British Columbiaf study areasA 

se:rved a consistent anrlual pattern of decreas- 
ing proportion of single marbled murrelets 
over tirne from June to August compared with 
pairs or larger groups (Fig. 2). Juner July; and 
August loosely corresponded to the latter part 
of incubaLtiont chick-rearingt and the latter part 
of the breeding seasont respectivelyf in Wash 
ington. This observation was based on data 
from a series of transects in the San Juan Is- 
landsr WA (Collins 200Q; Carten 2001). Tran- 
sects were surveyed during sequential 10-d in- 
tervals throughout the summer. Lengths of 
transects totaled 170 km. Observers recorded 
the number of murrelets iIl each group detect- 
ed Groups were defined as birds in close prox- 
imity (generally 1 to 2 m of each other) engaged 
in similaLr behaviLor and responding to distur- 
bance in the same manner (f<3r exampIef chang- 
ing direction when swimming)+ 

To determine if these observed patterns in 
group sizes were reflective of nestiIlg behavior) 
we monitored a marked population of marbled 
murrelets in Desolation Soundt British Colum- 
biar in 2001 (Fig. 1). Murrelets were captured at 
night w1th dip nets (Whitworth and others 
1997) from 20 April through 26 May 2Q01. Cap- 
ture methods are detailed in Vanderkist and 
e3thers (1999) and Lougheed and others (l998)" 
Radio transmitters were attached to 75 birds. 

Desolation 

O 25 50 100 CC / 
Kitometers m< 

NORTH 1 
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4 NORTHWESTERN NATURALIST 85(1) 

southeast Cortes Island. In addition, Toba Inlet 
and Hernando Island were each surveyed 1 
time and the Copeland Islands were surveyed 
3 times. During observations, we motored to a 
central location, scanned through frequencies 
with an ATS R4000 scanner to identify which 
birds were present on the water and their gen- 
eral location, then slowly approached each ra- 
dioed bird individually. The primary parame- 
ter of interest was group size at the point when 
the radioed bird was located visually (initial 
group size). We also recorded behavior (for- 
aging, swimming, taking flight, avoidance 
dive), map location, GPS location, and ending 
group size. For example, if the group respond- 
ed to the approach of the boat and reconfigured 
itself (for example, if some or all birds dove or 
flew or the group separated), we recorded the 
group size for the target murrelet after recon- 
figuration ('ending group size'). If conditions 
allowed and the group could be observed from 
a distance, we observed for 5 to 10 min to de- 
termine if the target murrelet remained in the 
group. Repeat observations of the same indi- 
vidual on 1 d were separated by several hours 
to avoid autocorrelation and didn't exceed 2 ob- 
servations per day per individual. Nesting sta- 
tus was assigned for each individual for each 
day it was visually observed on the water. 

Following the breeding-status study, we re- 
turned to marine survey data for a more de- 
tailed retrospective analysis, including a better 
definition of the breeding season. To make in- 
ferences from group sizes recorded on marine 
surveys during incubation compared with the 
rest of the nesting season, we 1st defined a peak 
incubation period. The known nesting chronol- 
ogy in Washington, from a limited sample of 
nests and grounded young (Hamer and Nelson 
1995), is similar to the incubation period iden- 
tified for Desolation Sound (Lougheed 2000). 
Assuming similar nesting chronologies for the 
2 areas, we used estimated nest start dates 
from Desolation Sound telemetry data from 
1998 through 2001 to delineate a peak incuba- 
tion period for each of these 4 y. We projected 
a 30-d incubation from each estimated nest 
start date, and from a frequency histogram 
identified the range of days that encompassed 
the incubation period of the middle 75% of the 
nests. Because telemetry data will not always 
be available to define the incubation period 
each year, we averaged the peak incubation 

25 * 19 May to 3 July | 
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FIGURE 3. Frequency histogram of the average 
number of murrelets incubating on any single date 
and day of the year in Desolation Sound, 1998 to 
2001, calculated from nest start dates from telemetry 
data and assuming a 30-d incubation period. Dates 
within brackets define the middle 75% of nests. 

dates from 1998 through 2001 to define a peak 
incubation period that could apply generally to 
all years (Fig. 3). We divided the remainder of 
the calendar year into 3 additional seasons. 

We used 1997 to 2001 marine survey data 
from Puget Sound (of which the previously ref- 
erenced San Juan Island data was a subset) to 
examine seasonal changes in the proportion of 
single murrelets detected on the water, and we 
compared annual differences in the proportion 
of singles during peak incubation to annual es- 
timates of productivity. Because larger groups 
could potentially have higher detection proba- 
bilities at equivalent distances, resulting in an 
underestimate of single birds, we examined the 
relationship between group size and detect- 
ability using 2001 long-term monitoring survey 
data in Puget Sound. Results from program 
DISTANCE (Buckland and others 1993) showed 
a weak, nonsignificant relationship (MGR and 
DEM, unpubl. data). 

The productivity index was calculated from 
juvenile to adult ratios adjusted for time of year 
of survey following the methods of Beissinger 
(1995), but including only Washington and 
British Columbia fledge dates from Hamer and 
Nelson (1995), augmented by fledge dates from 
British Columbia telemetry data and at-sea sur- 
veys in Puget Sound, per the methods in Hamer 
and Nelson (1995). Specifically, counts of juve- 
niles were adjusted upward by the proportion 
of young that would have fledged by the end of 
the survey period, based on a cumulative fre- 
quency of fledge dates from Washington and 
British Columbia. Because the data were 
asymptotic, we divided the cumulative fre- 
quency curve into 3 time periods and calculat- 
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ed a regression for each period separately. The 
adjustment factors (cumulative proportion of 
nests fledged) were (0.00204 x day of year)- 
0.3212 for dates before day 180; (0.02133 x day 
of year) - 3.8448 for days 180 to 220; and 
(0.0044 x day of year)-0.0798 for days > 220. 
Standard errors for the adjusted ratios were 
calculated from a standard formula for the var- 
iance of a ratio (Manley and others 1993). A1- 
though we used the adjusted ratio in an at- 
tempt to compensate for weaknesses in the 
simple calculation of total juvenile to total 
adults observed, we were more interested in 
changes in the trend from year to year than in 
the absolute value of the index. 

We used Chi-square tests to compare (1) pro- 
portions of initial group size by nesting status, 
and (2) proportions of single murrelets among 
seasons. For nesting status, chick-rearing birds 
and failed nesters were included with non- 
nesters to represent non-incubating birds. Non- 
parametric post hoc multiple comparisons 
were conducted on the 6 possible pairings of 
seasons (Marascuilo and McSweeney 1977). We 
used SPSS v 10.0.5 (SPSS Inc. 1999) for statis- 
tical analyses, with a significance level ((x) of 
0.05. 

RESULTS 

During the nest-status study, we visually lo- 
cated 43 of the 75 radioed marbled murrelets on 
the water at least 1 time, recording 160 obser- 
vations of initial group size. These included 84 
observations of nesting birds in the incubating 
phase of their breeding cycle (hereafter re- 
ferred to as 'incubating birds', even though 
their mate was presumably incubating when 
they were observed on the water), 17 observa- 
tions of birds in the chick-rearing phase, 4 of 
failed nesters, and 55 of non-nesters. Pairs (54 
observations) and singles (46 observations) 
comprised 63% of the total sample. Comparing 
single birds (group size = 1) to all other group 
sizes combined, there was a greater proportion 
of singles among incubating birds (37%) than 
among non-incubating birds (20%; n = 160, x2 
= 5.74, P = 0.02; Fig. 4). Neither group was bi- 
ased by a small sample of individual murrelets; 
29 murrelets comprised the incubating group 
compared with 24 non-incubators. The rela- 
tionship was strengthened when we combined 
chick-rearing and failed nesters along with in- 
cubating birds as breeding birds; singles com- 
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FIGURE 4. Proportions of single and multiple 
murrelets among incubating birds (n = 84) com- 
pared with non-incubating birds (n = 76) in Deso- 
lation Sound, British Columbia, 2001. 

prised 37% of this group compared with 13% 
non-breeders (X2 = 10.50, P < 0.01). 
Incubating murrelets also were encountered 

in pairs (25% of observations) and in larger 
groups of 3 to 17 birds (38%), demonstrating 
that members of an incubating pair will join 
other birds when their mate is incubating. Ex- 
clusive of chick-rearing and failed nesters, 49% 
of non-nesting murrelets occurred in pairs, 
12% as singles, and the remaining in groups of 
3 to 11. Among incubating murrelets, 16 
groups (of 84) reconfigured during the obser- 
vation, resulting in a different group size by the 
end of the observation. None of these reconfig- 
ured groups were singles that joined other 
groups, and 4 of the 6 incubating birds initially 
observed in a group of 2 ended up as a single. 
In comparison, a similar proportion (8 of 55) of 
groups containing non-nesters reconfigured 
during the observation, with only 3 ending up 
as singles and none as pairs. None of the 21 
groups containing chick-rearing and failed 
nesters reconfigured during approach. 
The peak incubation periods from Desolation 
Sound telemetry data for 1998 through 2001, re- 
spectively, were 20 May to 30 June, inclusive 
(days 140 to 181), 22 May to 3 July (days 142 to 
184), 16 May to 7 July (days 137 to 189), and 13 
May to 30 June (days 133 to 181). The average 
of these periods was 19 May though 3 July 
(days 139 to 184; Fig. 3). From these dates we 
defined an early breeding season of April 20 
through 18 May, a late breeding season from 4 
July through 15 August, and a fall-winter sea- 
son from 16 August through 28 February. 
From our retrospective analysis of marine 
survey data in Puget Sound, singles and pairs 
of murrelets represented 88% of all groups en- 
countered. The proportion of single birds dif- 
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TABLE 1. Post hoc pairwise comparisons of the proportion of single murrelets detected on the water among 
seasons, Puget Sound, Washington, 1997 to 2001. Significant differences (P ' 0.05) are marked with (*). 

Estimated 95% confidence 
Contrast Estimate variance interval 

Peak incubation-early nesting 0.429-0.363 = 0.066 0.0008 -0.0149 to 0.1469 
Peak incubation-late nesting 0.429-0.288 = 0.141 0.0001 0.1080 to 0.1740* 
Peak incubation-fall-winter 0.429-0.195 = 0.234 0.0002 0.1990 to 0.2690* 
Early nesting-late nesting 0.363-0.288 = 0.075 0.0008 -0.0028 to 0.1528 
Early nesting-fall-winter 0.363-0.195 = 0.168 0.0008 0.0893 to 0.2467* 
Late nesting-fall-winter 0.288-0.195 = 0.093 0.0001 0.0657 to 0.1203* 
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fered among seasons (X2 = 347.17, P < 0.001), 
with the highest proportion during peak in- 
cubation and lowest proportion during fall and 
winter (Table 1, Fig. 5). The change in propor- 
tion of pairs was the reverse of the change in 
singles the proportion of pairs was highest in 
fall-winter when the proportion of singles was 
lowest, was lowest during peak incubation 
when the proportion of singles was highest, 
and was intermediate during early and late 
nesting (Fig. 5). The shift in proportion of larg- 
er groups among seasons was variable. 

The proportion of single marbled murrelets 
during peak incubation varied among years, 
and this variation generally tracked changes in 
the annual productivity index (Fig. 6). Both 
were high in 1997, decreasing to a low in 1999, 
and then increasing again in 2000. Only in 2001 
did the 2 measures diverge, when the produc- 
tivity index increased substantially but the per- 
cent of singles decreased. 

DISCUSSION 

Our results support our hypothesis that the 
seasonal change in proportion of marbled 
murrelet groups of different sizes could be a di- 
rect reflection of nesting activity. The propor- 
tion of single birds encountered on the water 
was highest during incubation, and single 
birds observed during this time of year were 
more likely to be incubating birds than non- 
nesters. This fits well with the marbled murre- 
let's distinctive 24-h incubation pattern, as 
breeding pairs would be separated during in- 
cubation and the bird not actively attending the 
egg would occur on the water without its mate. 
However, incubating murrelets in Desolation 
Sound also were observed in pairs and in larger 
groups during their stint away from the nest. It 
is this dynamic that requires further investi- 
gation and interpretation. We also recognize 
that our observations of telemetered murrelets 
were from 1 location during 1 y, but suggest 
that factors influencing grouping behavior are 
not site-specific. 
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FIGURE 5. Seasonal change in proportions of mar- 
bled murrelet group sizes (1, 2, 3 or more individu- 
als) during marine surveys in Puget Sound, Wash- 
ington, 1997 to 2001. Early breeding season: 20 April 
to 18 May; peak incubation: 19 May to 3 July; late 
breeding season: 4 July to 15 August; fall-winter: 16 
August to 28 February (no surveys conducted from 
1 March to 19 April). Sample sizes (n) for each season 
are shown above bars. 

1997 1998 1999 2000 

Year 

2001 

FIGURE 6. Annual change in proportion of single 
marbled murrelets during peak incubation com- 
pared with annual productivity index, Puget Sound, 
Washington, 1997 to 2001. Error bars represent 1 sx. 
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We used initial group size of the radioed 
murrelets as our parameter for analysis be- 
cause it reflected conditions on a marine sur- 
vey, whereby an observer encounters a murre- 
let group at a random, brief point in time as the 
vessel continues along a transect. Ending 
group size, although less characteristic of a ma- 
rine survey, offered additional insight into the 
behavior of incubating and non-nesting birds. 
None of the 31 incubating birds 1st encoun- 
tered as a single on the water joined another 
group during the short observation period. Ad- 
ditionally, an incubating bird paired with an- 
other murrelet, presumably not its mate, ended 
up more often than not as a single when the 
pair was approached or disturbed, causing the 
birds to move. The fact that an incubating bird 
often separated from the other murrelet con- 
trasts with the relatively strong bond displayed 
by many other pairs that may be 'mated', as ev- 
idenced by repeated (and increasingly strenu- 
ous) vocalizations upon surfacing to locate 
each other after becoming separated during a 
dive, then swimming to rejoin the other bird 
(DEM pers. obs.; Laura McFarlane Tranquilla, 
Simon Fraser University, Burnaby, BC, pers. 
comm.). Our observations suggest that incu- 
bating birds will behave in a solitary manner 
more than birds not incubating, but this dis- 
tinction would not be consistently apparent 
from a boat-based population survey, as some 
incubating birds would appear with other 
birds. 

Our results would be biased if group size 
was predominantly behavioral (for example, if 
some murrelets were 'loners' with a greater 
propensity to occur as singles). Sample sizes 
for individuals observed more than once were 
too small to perform statistical tests. We iden- 
tified 1 murrelet (of the 9 incubating individu- 
als that were observed 4 or more times) that 
might have been exhibiting a propensity to be 
alone (4 of 6 observations). However, none of 
the 6 non-incubating birds observed 4 or more 
times showed the same propensity, suggesting 
that occurrence as singles vs. in a group was 
more reflective of breeding status. We did not 
assess territoriality (singles repeatedly ob- 
served in the same places) in either our marine 
surveys or our observations of telemetered 
murrelets. Additional studies of murrelet be- 
havior on the water would help clarify these is- 
sues. 

The occurrence of incubating murrelets with 
1 or more other murrelets in Desolation Sound 
could be a function of relatively high murrelet 
density in this region. Although we lacked di- 
rect comparisons, average densities in Desola- 
tion Sound proper during 1996 to 1998 (exclud- 
ing inlets and weighted by the number of poly- 
gons; Lougheed 2000) were up to 4 times high- 
er than in Puget Sound in 2000 and 2001 
(Bentivoglio and others 2002; Jodice 2002), de- 
pending on year and strata compared (for ex- 
ample, 6.5 birds/km2 in Desolation Sound in 
1996 compared with 1.6 birds/km2 for Puget 
Sound in 2000). An incubating bird leaving the 
nest for the water would be more likely to en- 
counter other murrelets when bird density on 
the water is high than in regions where murre- 
lets are less dense and thus more dispersed. In 
addition, group sizes encountered along ran- 
dom transects in Desolation Sound in 2001 dur- 
ing observations of telemetered birds were 
larger compared with the same time period in 
Puget Sound (x = 2.43, s = 1.98 vs. x = 1.93, s 
= 1.22, respectively; t = -4.94, df = 904, P < 
0.01). Larger groups could be correlated with 
higher densities, such as was found during 
morning surveys (but not at other times of day) 
in Barkley Sound, BC (Carter and Sealy 1990). 
More study of murrelet grouping behavior is 
needed to determine if incubating birds have a 
similar affiliation with other birds when the 
population is more dispersed. For example, a 
repeat telemetry study (that includes visual ob- 
servations of known nesters) in areas of lower 
murrelet densities would provide a good com- 
parison. 

The proportion of single birds increased 
when failed nesters and chick-rearing birds 
were combined with known incubating birds. 
On the surface this seems contradictory, as 
failed nesters and chick-rearing birds could 
join with their mate on the water once nest at- 
tendance was no longer necessary. However, 
given that a chick-rearing pair staggers its fish 
deliveries to the nest, the adults would occur on 
the water at different times for at least some 
portion of the nestling period. Known pairs 
monitored with telemetry in Desolation Sound 
did occur together occasionally during chick- 
rearing, but not as often as during pre-incu- 
bation (McFarlane Tranquilla and others, In 
press). 

Our sample of failed nesters was very small 
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(4 groups, 2 of which occurred as singles), and 
interpretation of their occurrence as singles is 
much more speculative. Death of 1 member of 
the pair could certainly cause nest failure and 
separation of the birds on the water, but wheth- 
er this was the case among our marked popu- 
lation is unknown. 

Our analysis of the proportions of group siz- 
es encountered throughout the year in Puget 
Sound was based on the assumption of similar 
breeding chronology in Washington and Brit- 
ish Columbia, allowing us to define the breed- 
ing season for Puget Sound from Desolation 
Sound telemetry data. Estimates from marbled 
murrelet nests and grounded chicks summa- 
rized in Hamer and Nelson (1995) were similar 
to those derived by Lougheed (2000) from sev- 
eral different methods. The sample of known 
fledging dates in Washington was relatively 
small, which limited our comparison. However, 
ongoing telemetry studies in Desolation Sound 
and Clayoquot Sound, BC, have demonstrated 
up to a 30-d difference in the chronologies of 
these 2 populations sharing the same latitude 
(Russell Bradley, Point Reyes Bird Observatory, 
Stinson Beach, CA, pers. comm.), suggesting 
variation within geographic areas and caution 
in our assumption of similar chronologies be- 
tween British Columbia and Washington. 

Our use of telemetry data, exclusively, to de- 
fine a period of peak incubation allowed a 1:1 
temporal correspondence of marine survey 
data with telemetry data for 4 of the 5 y ana- 
lyzed (1998 to 2001), while also increasing the 
sample size of nest start dates 3-fold from that 
previously published (36 nest start dates from 
Hamer and Nelson [1995] for Washington and 
British Columbia compared with 125 from te- 
lemetry data). We defined 'peak incubation' as 
the period when the middle 75% of nests were 
being incubated, eliminating the earliest and 
latest nests. Lougheed (2000) defined a 'core in- 
cubation' period from the middle 50% of dates. 
Both approaches attempt to deal with the pro- 
longed, asynchronous breeding season. Be- 
cause we used these dates to interpret group 
size on the water during marine surveys and 
not to distinguish incubation from chick rear- 
ing per se, our less conservative 75% provided 
a broader window to capture more birds that 
might be incubating while excluding the more 
extreme ends of the spectrum. Finally, we av- 
eraged the dates from 1998 to 2001 to arrive at 

a general peak incubation period. We maintain 
that this average was a reasonable reflection of 
the general incubation activity in Washington, 
as these 4 y included a range of marine condi- 
tions (warmer and cooler sea surface tempera- 
tures) that might influence breeding. 

Marbled murrelet productivity indices show 
annual variation (Beissinger 1995; Strong 
1995). Productivity of seabirds can vary in re- 
sponse to oceanic conditions, through effects 
on prey and its availability. For example, sea- 
bird responses to El Nino events have been 
documented, although the influence of these 
events in the Strait of Georgia and Puget Sound 
are less clear than in other marine systems. In 
years of low productivity, we might expect few- 
er nesting attempts, and, if group size is a re- 
flection of nesting, fewer single murrelets on 
the water during incubation. We found this pat- 
tern in 4 of the 5 y we compared. We expected 
that the variation in the productivity index 
might be greater than in the proportion of sin- 
gles detected at sea because lower nesting ef- 
fort should result in lower juvenile to adult ra- 
tios and vice versa, whereas group size didn't 
always indicate breeding status and could re- 
flect a more consistent influence such as for- 
aging strategy. However, the magnitude of 
change was similar for each variable. We found 
no obvious biological or environmental expla- 
nation for the divergence of the 2 measures in 
2001. 

In summary, group size on the water, and 
specifically the proportion of single-bird 
groups, may provide an index of nesting at- 
tempts, but the relationship is not precise and 
needs refinement. The breeding chronology 
within the study area needs to be well docu- 
mented, which could require extensive telem- 
etry or physiological studies. If data are avail- 
able, one could redefine the incubation period 
each year from nest start dates to correspond 
directly with productivity in that year. As men- 
tioned above, the extent to which group dy- 
namics and group sizes are a function of den- 
sity should be explored. Lastly, we need to con- 
tinue to explore new methods to measure 
murrelet productivity. 
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