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ABSTRACT 
The U.S. Department of Interior investigated potential disturbance effects of human 

activities on the distribution and density of Long-tailed Ducks (Clangula hyemalis), and eiders 
(Somateria spp.) in lagoons and offshore waters of the south-central Beaufort Sea. The primary 
objectives of this study were to compare Long-tailed Duck population trends between 
"industrial" and "control" areas, describe the relationship between bird density and human 
activities, and document distribution patterns of eiders and other marine birds in the south-central 
Beaufort Sea. We used existing protocol (OCS-MMS 92-0060) to conduct 12 replicate Near- 
shore aerial surveys in Beaufort Sea lagoons between Oliktok Point and Brownlow Point. These 
data were collected in 1999 and 2000 and were compared with historic data collected in 1990- 
1991. We also modified the survey protocol to conduct 6 Offshore aerial surveys between Cape 
Halkett and Brownlow Point, Alaska. 

We observed 33 marine bird taxa on Near-shore and Offshore surveys combined. A 
comparison between 1990 and 2000 revealed a significant negative trend in density of Long- 
tailed Ducks within the Near-shore survey area. Although densities decreased overall, trends in 
density were the same among "Industrial" and "Control" transects. Similarly, distribution 
patterns were not significantly related to sources of potential disturbance such as boat traffic, 
low-level aircraft over-flights, or human activities on shore adjacent to survey transects. 
Statistical tests may fail to detect effects of human activities on bird densities even if they exist 
due to inherent stochasticity in sea duck populations, high standard errors associated with aerial 
survey techniques, long-term changes in barrier island habitat, intrusion of human activities into 
the "Control" site, and unidentified components of variation. 

We identified several areas that appear to be important to marine birds. King (Somateria 
spectabilis) and Spectacled Eiders (S. fischeri) were concentrated in Harrison Bay, where high 
densities of Scoters (Melanitta spp.), and Red-throated (Gmia stellata) and Yellow-billed Loons 
(G. adamii) were also observed. High densities of Common Eiders (S. mollissima) and Long- 
tailed Ducks were found in Barrier Island Habitat, particularly among the Stockton Islands. 
Finally, Scoters were concentrated in Mid-lagoon habitat in western Simpson Lagoon. 

As an alternative to aerial surveys for evaluating effects of human activities, we suggest 
measuring behavioral responses of individual birds to disturbances of known size and duration. 
This direct measure could document immediate changes in distribution in a controlled setting. 
This approach may also identify what activities have measurable effects and predict the potential 
duration of these effects. Further, we suggest future surveys employ a sampling design that 
includes systematic transects with random starting points to provide an unbiased sample of 
multi-species distribution, abundance, and habitat preference. 

KEY WORDS: Beaufort Sea; marine birds; sea ducks; lagoons; Long-tailed Duck; Clangula 
hyemalis; Common Eider; Somateria mollissima; King Eider; Somateria spectabilis; Spectacled 
Eider; Somateriafischeri; Northstar; aerial survey; OCS, offshore. 
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INTRODUCTION 
Since the discovery of oil and gas on the Alaskan Arctic Coastal Plain, interest in 

maintaining healthy wildlife populations has accompanied industrialization of the region. Recent 
expansion of oil and gas development fiom on-shore sites into the near-shore waters of the 
Beaufort Sea raised concerns that wildlife using these waters may be at risk to distwbance and 
oil spills (US Army Corps of Engineers 1999). Wildlife species of particular concern to 
managers are more than one hundred thousand sea ducks and other marine birds that use the 
Beaufort Sea each summer (Johnson and Herter 1989, USFWS 1999). Despite high abundance 
of sea ducks in the Beaufort Sea, recent declines in some sea duck species have been 
documented state-wide and along the Arctic Coastal Plain (Goudie et al. 1994, Suydam et al. 
2000, US Fish and Wildlife Service 1999). One potential threat to these birds in the Beaufort 
Sea is disturbance resulting fiom human presence on barrier islands and increased boat and air 
traffic in near-shore and offshore waters (Gollop et al. 1974; Johnson 1982, 1984; Schamel 
1974). These potential disturbances are expected to increase within the Northstar unit where 
development of offshore oil and gas reserves is underway. 

To address the potential threats to these wildlife resources, the Outer Continental Shelf 
Lands Act and its amendments include provisions for post-lease monitoring studies to identifjl 
environmental changes, establish trends in marine bird populations, and design experiments to 
identifjl the causes of any changes (Johnson and Gazey 1992). Accordingly, the Minerals 
Management Service and the USGS Biological Resources Division signed an Intra-agency 
Agreement in 1999 to assess impacts of human activities on distribution and density of Long- 
tailed Ducks in Beaufort Sea lagoons. To accomplish this, the USGS-BRD subcontracted the 
Waterfowl Branch of the USFWS Migratory Bird Management Division to conduct a Near-shore 
aerial survey in 1999 and 2000 using existing MMS protocol (OCS- MMS 92-0060). This 
protocol was designed to measure effects of near-shore industrialization on marine bird 
abundance and distribution (Johnson and Gazey 1992). Rather than test for industry eff-xts on 
all species, the protocol identified the Long-tailed Duck (Clangula hyemalis) as a focal species to 
test for industry effects due to its relative abundance within the area of interest. We used this 
protocol to collect density and distribution data on Long-tailed Ducks in 1999-2000 to compare 
relative densities between an "industrial" and "contol" area These areas were delineated in the 
early 1990s at a time when human activity was concentrated in the "industrial" area (Johnson 
and Gazey 1992). In addition, we sought to identifjl the relationship between bird density and 
human activity. 

Although human disturbance may have indirect effects on marine birds, an oil spill could 
directly expose birds to oil and cause mortality in some individuals of these species (Stehn and 
Platte 2000). The probability and relative severity of oil spill impacts on population status 
depends on the temporal and spatial distribution of marine birds in the region. To understand 
marine bird distribution in the region we expanded aerial surveys throughout the near-shore 
environment between Oliktok Point and Brownlow Point. 

The Near-shore aerial survey protocol provides a means to monitor trends and 
distribution patterns of bird populations close to shore, but bird use of offshore waters is poorly 
documented. Previous studies demonstrated that Spectacled Eiders (Somateriaficherz), a 
threatened species, use offshore waters extensively (Petersen et al. 1999). Surveys in the 
Canadian Beaufort Sea revealed that eiders used waters as far as 1 15 km from shore (Searing et 
al. 1975). Thus, we designed an Offshore survey to delineate concentrations of eiders and other 
marine birds that use waters within and beyond the barrier island lagoons between Cape Halkett 
and Brownlow Point. In contrast to the Near-shore survey that was designed to detect small- 
scale distribution patterns within the barrier island lagoons, the Offshore survey covered a much 



larger area. Consequently, inferences drawn fiom the Offshore survey are not limited to small- 
scale localized pattems of distribution. 

The specific objectives of this study were to: 
1. Monitor Long-tailed Ducks and other species within and among "industrial" and 

"control" areas using existing protocol (OCS-MMS 92-0060). 
2. Use data fiom 1999-2000 and data collected by Johnson and Gazey (1 992) in 1990-199 1 

to compare Long-tailed Duck population trends between "industrial" and "control" areas, 
and to describe the relationship between distribution patterns and human activities. 

3. Expand the Near-shore survey area to encompass habitats between the original 
"industrial" and "control" areas, and sample Near-shore Marine habitat fiom Oliktok 
Point to Brownlow Point to delineate small-scale distribution patterns of marine birds 
throughout the expanded study area. 

4. Correlate variation in marine bird populations with environmental factors, human 
activities, and temporal and spatial variables. 

5.  Implement an Offshore survey that targets Spectacled (Somateriafischeri), Common (S. 
molli.sima) and King Eiders (S. spectabilis). 

6. Document distribution pattems of marine birds within the Offshore survey area. 



METHODS 
U.S. Fish and Wildlife p m m l  compleped a series of 12 Neawhmc d 6 UEdme ' 

aerial surveys between Cape Halkett and M o w  Point, Ahdm in 1999-2080 (Fig t); 'IThae 
efforts replicated historical Long-tailed Duck surveys, expanded the geographicill extent df 
slrmplhg, aud widened the bmdth  of analysis to include dl marine bids in h t r a l  Beadoit Sea 
waters. To aocomp~sh thm tasks, we conducted separate Near-shore and OEsbrn swcys.  

I 

Nea~hore Survey Methods I 

We completed 12 Near-shm &a1 mep fmm 1999-2000 usinga pm-1 
(OCS-MMS 92-0060) developed by Johnson and Gazey (1992) based & nine bfaerIZd 
m e y  data (1977- 1984,1989). They t&ed thh ptacal using two additiou y a m  of data 
(1 990-1 991) and recommended the aehnique be qpiled fsr s&zcqum~ w q d b ~ d ~ d h a  
collection and analysis. Thus, we collected comparable data in 1999-2000, mii~bined fh- d W  
withthorsoolltdcdbyJohnwnat~I~in 1990-1991, Wruod thedbihdd &bet& #-* . - 

molpre trends in Lung-tailed ~ o c k  density bewe ' m ~ d a l "  d 3 0 h 1 n  site, w a 
identify a relationship between density and humm Mvitia. 

W e s i u y e y e d 2 4 ~ I i ~ h 6 d ~ t r p ~ ~ ~ a ~ t h r e i e M ~ ~ # o ' ~ ( P i g .  
2). Habitats sampled included Barri& ISM (l& riid'& of tf ie'wer isa$ds), Md-7 
(midway between barria islands ad rd&ilband &omht), did Mainland ShmW (Wmd 
coast). These habits& were sampied hi$- w e  w& that repmated ad ~ U * '  area 
between O W k  Point aHd Rudhoe Bay, sndl 6Tontdl" h a  baveai ~igvhtigk ISM d hkq:a 
brown lo^ Poiirt. n 



In addition to monitoring Long-tailed Ducks in these two regions, we recorded dl m&ne 
birds in an expawled m e y  m that incjded a f o e  mitat called Nwshore Marine (1.5 km 
north of Barrier Islands). We sampled W fbur Mitats in the "Inddal" and 'Qn&olH 
and in the "Central" area between P d b  Bay and Tigvariak Idad (Fig. 3). Theresultkg 44 
tmsccts spanned 723 km and sampled 289 sq. km of near-hre watm (Table 1). 

We completed 6 N&e surveys hetweqn mid-July and qarly September in both 1999 
and 2000. This period oortesponded with the brig-tailed Duck flightless molt when populations 
are relatively stable (Johnson and Gamy 1992). To sample this period eveply, we p t b q t q l  to 
space our replicats appmximately 1 week apart, although occasional poor weather precluded 
strict adherence to the 7day sampling in-. I 

We used a sit@em@ne Cessna as the w e y  s q l e  platform for 10 of the 12 replicatm 
(Table 2). Mechanical dimculties in 1999, however, requ id  us to we a f#lin-eng@ Aem 
Cmmmder to complete 2 rqlicates. We maintained suwey: @tude and speed at 30-45 m @ 
160- 180 respectively. While on tmsm, we recpNed birds withip 200 fp of @the 
side of the h R  In addition to recording b@d qbations,  we estimated wind speed, way9 
height, and ice cover associated with each @mw& I 

Prior to du i t ing  mey$ o b s m  v -4 in flock size -04 wins, 
computer simulation mfham. The simulation so- "$o+uqting Wildiife", .is y@ol for 
mtimatjpg wildlift populati~ns h m  the air (H@.ga.@93). Wgned spec@dly for acrid 
survcy~ bf w a t d i i  the program simalatcs rqlilt9 @b $ b i  in clump& q n - m a 1  
disiributigm At the end of a &es of Wt tri* d t s  are digplqy@. sbo- the 
observerls &hate and the p e m d  m r .  By providing scores by trial, this pro& klpl 

I 
I - 

I' 
/"--7 

%- I ,, -Tigwrtrhk ,a .- 
I . ,  

\ -  . Inland 19 
tsB 



o h m  identify inherent bias in counts prior to actual M a 1  s u w e p ,  pmmotm improvement in 
-y, snd hclp stan* flock size estirmtion anmg'olxdm. To aid iil B C C ~  

transect width estimoltion, we used markings on the airmaft wing struts that were calibrated with 
clinometers. Similarly, prior to conducting surveys observers practiced estirmating lmwct  width 
by flying over markers at varying survey altitudes. All individuals who participated in this study 
had prior exper iw in aerial w e y s  of waicrbirds in Alaska 

We improved the data recording protoooI descriw by Johnson and Gamy (1992) by 
i m p l c m d n ~  s$mcI& &a1 survw procedures used by USFWS Division d ~imry ~ i r d  
Mmagmetlt. This metbod combine dinkt voice input data with position data continuously 
d v e d  from the a h a f t ' s  Global Positioning System (GPS). provides position 
coordinates d time of day firt. all bird o ~ ~ 0 1 1 8 .  Rather than recording data during 30- 
second intervals, as dacii'bed by Johnson a d  Gazey (1992), we worded owtinuously along 
trmsats, &ling g r a t a  accuracy in mapping of bird distciiutioa ao&va, iwe lrsed tbs 
system's Moving Map function to display and navigate along fixed "el-nic" hmsats fbr 
mo= precise replication of survey lines. 

Following each s w e y ,  we transcribed digital voice recorttbg~w- 
software. In this pmces, bird obsedons  were linked to position data, oovariates and wcather 
variabl-. We then checked dI entries for accmy,  Next, we subjected the d+ files to a 
c l l s t d  computer check program that identified missing or mismid data, inteplated 
pitions when htitude and ~oqgitudc data weq mking, ca~cdd&stm&'and srtas&@kd, 
and p l e r f o d  a datum shift on p i t i o n  data to @just GPS data collected in NADS3 to 
correspond with USGS NAD27 maps. After completing these steps, we,& AK:Info 
coveraga bnt bird location files. Finally, these coverag- were imported into Arcvim to 
produce distribution maps. rn 

F i g m  3. Aerial nwey immxts in an expanded Near-shore s w e y .  Sampling oc&d in 
f ~ h a b i t a t g a m o n g ~ a r e m .  



Table 1. Transect length and area surveyed during 12 Near-shore aerial surveys, Beaufort Sea, Alaska, 1999-2000. 

Area Habitat Transect Length @n) ~ m '  Surveyed 

Bsm'er Island 

Mid-lagoon 

Mustrial Near-shore Marine 22 17.53 7.01 
30 13.53 5.41 

101 22.08 8.83 

1 02 16.25 6.50 

Bsm'a Island 23 10.83 4.33 

31 13.98 5.59 
201 21.80 8.72 

202 15.38 6.15 

Mid-lagoon 24 9.83 3.93 

32 15.33 6.1 3 

301 18.23 7.29 

302 13.25 5.30 
Mainbnd-Shaeline 25 11.88 4.75 

33 19.73 7.89 

401 18.93 7.57 

402 14.73 5.89 

Near-shore Marine 904 16.55 6.62 

905 21.48 8.59 
906 20.68 8.27 

Barrier I s l d  907 25.10 10.04 

908 2 1.35 8.54 
909 20.90 8.36 

Mid-lagmn 910 15.53 6.21 

91 1 17.03 6.81 
91 2 24.68 9.87 

Mainland-Shaeline 913 1928 7.71 
914 14.10 5.64 

91 5 32.30 12.92 

Near-shae Marine 60 13.63. 5.45. 
61 12.43 4.97 
62 12.83 5.13 

63 14.38 5.75 

133 16.73 6.69 
1 34 13.85 5.54 

135 14.35 5.74 
136 15.90. 6.36. 
180 14.58 5.83 

181 1 1.70 4.68 

182 13.55 5.42 
183 14.35 5.74 

Mainland-Shoreline 190 16.45 6.58 
191 13.48 5.39 

192 17.33 6.93 

193 18.90 7.56 

Transects 60 rmd 136 were truncated on IS August 2000, due to fog. On that day. bansect 60 was 5.75 km (2.3 km2) and bansect 
136 was 6.43 km (2.57 w). 



Table 2. Aerial survey flight specifications. 

SurveyType Year Date 

Near-shore 1999 July 22 

July 30 

Aug. 11 

Aug. 26 

Sept.2 

Sept 8 

I 2000 July 2 1 

Aug. 1 

Aug. 7 

Aug. 15 

Aug. 24 

Aug. 3 1 

Offshore 1999 June28-30 

Aircraft 

Ces~na-185 

Aero 
Commander 
Cessna- 185 

Aero 
Cormnander 
Ces~na-185 

July 27-3 1 

Aug. 3 1 Sept 
3 

2000 J ~ n e  24-27 

July 25-28 

Aug. 25-30 

Aero 

Altitude Speed Survey Crew 
(m) 

30-45 160-1 80 T.J. Tiplady, W.W. L a d  

T.J. Tilady, R.M. Platte 

T.J. Tiplady, E. Taylor 

T.J. Tiplady, C.P. Dau 

T.J. Tiplady, S. Kendall 

T.J. Tilady, E.J. Mallek 

J.B. Fischer, E.J. Mallek 

J.B. Fischer, E.J. Mallek 

J.B. Fischer, E.J. Mallek 

J.B. Fischer, E.J. Mallek 

J.B. Fiscber, E.J. Mallek 

J.B. Fischer, E.J. Mallek 

90 200 T.J. Tiplady, DX. Marks 

45 180 T.J. Tiplady, RM. Plane 

I 2  
W.W. Lamed, J. Stich 

J.B. Fischer, A. Brackney 

J.B. Fischer, DX. Marks 

00 J.B. Fischer, D.K. Marks 



Near-shore Survey Data Analysis 
EFFECTS OF HUMAN ACTIVITIES ON LONG-TAILED DUCKS 

We used the general linear models designed by Johnson and Gazey (1992) to identi@ the 
effects of human activities on Long-tailed Ducks. We limited data analysis to 24 transects in 
Barrier Island, Mid-lagoon, and Mainland Shoreline Habitats within "Industrial" and "Control" 
areas. We combined data collected by LGL Ltd. in 1990-1991 with data collected by USFWS in 
1999-2000. We first calculated Long-tailed Duck density for each transect on each survey day. 
We calculated density as the number of individuals per transect divided by transect area (transect 
length*400m). We then log transformed these density estimates (Ln [density+ 11) to better meet 
the assumptions of normality required by parametric statistics (Johnson and Gazey 1992). Next, 
we subjected the dependent variable (log density) to a mixed-effects nested ANOVA and 
ANCOVA (Table 3) as specified by Johnson and Gazey 7 1992). These models were considered 
"mixed" because they incorporated both fixed and random factors. For example, Disturbance, 
Year, and Area were fixed factors, while Habitats and Transects were considered random factors. 
Unlike a factorial ANOVA that uses the residual error for calculation of the test statistic, a 

mixed-effects model uses specific error terms 

Table 3. Factors and error terms used to calculate 
appropriate for particular tests (Table 3). 

F-statistic in ANOVA and ANCOVA models. In addition to having fixed and random 
factors in these models, some factors were 
nested. For example, Habitat was nested within 

~ e r m  Code ~ n w  ~ e r m  Area. That is, a given Habitat was considered 
Disturbance 'D Residual within the context of a given Area. Constructing 

Error 
~ r e a  A HIA) the model in this fashion provided a means for . , 
y e ~ r  Y YH(A) comparing Area-Habitat strata. For example, if 
~ r e a * ~ ~  AY YH(A) Long-tailed Duck densities in Mainland 
Habitat (h)  H(A) m ( A )  Shoreline habitat were not the same in the 
Year"Habitat(h) YH(A) YT(H(A)) Industrial and Control areas, them the nested 
Tmsect(Habitat(h)) T(H(A)) Residual Habitat(Area) term would be significant. 

Enw 
Y&ransect(Habitat(Area)) YT(H(A)) Rcsidual 

Similarly, Transects were nested within Habitat 
~ r n w  and Area; thus, transects were considered within 

Ln (Wave+ I) w . Residual 
E m  

the context of a particular Habitat in a specific 
Area. 

To compare Long-tailed Duck population 
A n o ~  Model: Ln(Dcnsityc1) = constant + D + A + AY + H(A) trends among the "Induskal" and " ~ o n t r o ~  
+ywv + T(H(A)) + fl(H(A)) areas, we examined the p-value assdciated with 

A m v a  Model: Ln(Density+l) = Constant + D + A + AY + H(A) 
the Area*Year term. A significant Area*Year 

+YH(A) + T(H(A)) + YT(H(A)) + w term would indicate that trends in density 
estimates were different between the "Industrial" 
and "Control" areas. 

To determine if Long-tailed Duck 
densities were significantly related to human activities, we examined the p-value of the 
Disturbance term in the ANOVA model. The Disturbance tenn was based on human activities 
that we recorded on transect (boat trafEc, low-level aircraft overflights [< 150 m], and land- 
based human activities [workers on land adjacent to transect]). We then applied an ordinal 
Disturbance code to each transect for each survey (1= 0 occurrences, 2= 1-5 occurrences, 3= 5- 
10 occurrences, 4= >10 occurrences; Johnson and Gazey 1992). 

In accordance to MMS protocol (Johnson and Gazey 1992), these tests were re-assessed 
using ANCOVA. The process was identical to the ANOVA, with the exception that the 



covariate term Wave height was included in the model (Table 3). Wave height was calculated as 
Ln(Wave height in inches+l), and was estimated for each transect during all surveys (Johnson 
and Gazey 1992). Introduction of this covariate provided a control for lower sightability of 
Long-tailed Ducks due to high waves. 

DISTRIBUTION IN THE NEAR-SHORE ENVIRONMENT 
To assess distribution patterns of marine birds in 1999 and 2000, we log transformed 

(Ln[density+l]) densities of all taxa recorded on 44 tran'sects in Near-shore Marine, Barrier 
Island, Mid-lagoon, and Mainland Shoreline Habitats, within "Industrial", "Central" and 
"Control" areas. We then subjected these data to an ANCOVA model to assess how densities 
varied both among and within 12 Area-Habitat strata (4 Habitats nested in 3 Areas) while 
controlling for Year, Time of Day (morning, midday, afternoon, evening), and Wave Height 
(Ln[Wave height in inches+l]). To identi@ differences among strata we assessed the 
significance of the Habitat(Area) term. Similarly, to identi@ differences within strata we 
assessed the significance of the Transect(Habitat(Area)) tenn. We then used Sheffe multiple 
comparison methods to identi@ where diffefences occurred when terms were significant 
(Kleinbaum et al. 1988). 

ASSESSING BIAS IN NEAR-SHORE SURVEYS 
Mechanical difficulties in the single-engine survey aircraft in 1999 forced USFWS 

survey crews to use a twin-engine aircraft as an alternate survey platform during two replicates 
of the Near-shore survey. Because this change may have influenced density estimates of marine 
birds, we tested the effect of Survey Platform on density of Long-tailed Ducks in two ways. 
First, we used an independent two-tailed t-test to compare Long-tailed Duck log densities 
estimated fiom the single-engine platform with those estimated h m  the twin-engine platform. 
This test used Long-tailed Duck density as the independent variable and Survey Platform (single 
engine, twin engine) as the grouping variable. Second, we included a Platform factor (single- 
engine, twin-engine) in the ANOVA and ANCOVA models developed by Johnson and Gazey 
(1 992) and re-evaluated the inter-area trend comparisons. 

Offshore Survey Methods 
The Offshore survey was designed specifically to monitor Spectacled Eider use of near- 

shore and offshore waters. Accordingly, transects were established in 1999 within areas of 
known Spectacled Eider presence as detemined h m  telemetry studies (Petersen et al. 1999). 
This area included 36 transects spanning h m  Cape Halkett to Bullen Point (Fig. 4, transects 1- 
36). Given the need, however, to obtain distribution and abundance data for marine birds within 
range of a potential oil spill (Stehn and Platte 2000), we extended coverage east to Brownlow 
Point in 2000 with the addition of 7 transects (Fig. 4, transects 37-43). Unlike the Near-shore 
survey, offshore transect lines ran perpendicular to shore for approximately 60 km. Due to 
persistent fog on transects, we were unable to survey the northern extent of all transects during 
every flight; thus, the area (km2) surveyed varied between replicates (Tables 4,5). While on 
transect we recorded bird observations within 200111 of both sides of the aircraft. Transects were 
spaced 5.4 km apart providing a 7.4% sample of the study area. 

We completed 3 Offshore surveys in both 1999 and 2000. The surveys were conducted 
at the end of June, July, and August in each year. This timing was planned to coincide with 
estimated peaks of offshore abundance for local breeding Spectacled Eiders (i.e., exodus of 
breeding males [late June], failed or non-breeding females [late July], and successful breeding 
females with broods [late August]). Appropriate dates for surveying King (Somateria 
spectabilis) and Common Eiders (S. mollisima) were expected to be similar. 





Offshore Survev Data Analysis 
Unlike the Near-shore survey that was designed to assess effects of human activites on 

marine birds, the Offshore survey was initiated to delineate general distribution patterns of eiders 
and other marine birds. Prior to analysis, therefore, we divided the study area into 8 strata 
composed of four areas divided into deep (>1 Om) and shallow ( 4  Om) zones (Fig. 4). The 
western area, located in Harrison Bay, extended fiom the mouth of the Kogru River, near Cape 
Halkett to Oliktok Point (transects 23-36). The remaining three areas corresponded to the Near- 
shore survey areas. For example, the Industrial area was bounded by Oliktok Point and Prudhoe 
Bay (transects 13-22), the Central area spanned fiom Prudhoe Bay to Tigvariak Island (transects 
3-12), and the Control area was defined by Tigvariak Island and Brownlow Point (transects 1-2, 
37-43). 

To identify the components of variation in density (#birds/transect area) estimates, we 
used log density (Ln [density+l]) of a given taxa as the dependent variable in an ANCOVA. 
Using a saturated model of all factors, interaction terms and covariates (Table 6), we sequentially 
removed non-significant independent variables in a backward stepwise selection process 
(Kleinbaum et al. 1988) until only significant terms remained in a "final model". This process 
provided a means for detecting differences in density of each marine bird taxa among strata, 
years, and months after controlling for significant interaction effects and confounding covariates. 

We included three parameters in the ANOVA and ANCOVA models for Offshore survey 
analysis that were not included in the Near-shore models. Ice cover, and Wind speed were found 
to be unimportant in explaining variation of long-tailed Ducks in the Near-shore area (Johnson 
and Gazey 1992), but these covariates had not been assessed in the Offshore survey area, thus we 
included them in our analyses. In addition, we included a Month factor in Offshore survey 
analysis because unlike the Nearshore survey that is conducted during a period of assurneb stable 
density (Johnson and Gazey 1992), Offshore surveys were conducted over three months when it 
was assumed that distribution patterns would change. 

ASSESSING BIAS IN OFFSHORE SURVEYS 
We assessed potential bias introduced h m  fluctuating altitude during Offshore surveys 

in two ways. First we conducted a two-tailed t-test with long-tailed Duck log density as the 
independent variable and Altitude (45 m vs. 90 m) as a grouping variable. Second, we tested the 
significance of an altitude term (45 m vs. 90 m) while controlling for all variables and covariates 
in the "final model". This step provided a means to ask, given variability in density estimates 
associated with temporal and spatial factors (Year, Month, Strata, etc.), did Survey Altitude 
explain a significant proportion of variation? 

Analysis and Presentation 
Presentation of density estimates in figures and tables are repotted in log transformed 

format (Ln [density+l]) to correspond with existing MMS protocol (OCS-MMS 92-0060, 
Johnson and Gazey 1992). This format allows the reader to distinguish the degree of statistical 
significance of inter-area comparisons and distribution differences. Because these surveys were 
aimed at detecting trends rather than abundance estimates, transformed density estimates provide 
a reliable indicator of statistical differences. Readers can find actual counts and standard 
densities for each survey in Appendices 1,2 and 4. 

We used SYSTAT 7.0 (SYSTAT 1997) for statistical analysis in this report. 



Table 4. Area (sq. lan) surveyed by subtransect and stratum during each of six Offshore surveys, Beaufort 
Sea, Alaska, 1999-2000. Subtransect suffi  refer to depth class (d = deep, s = shallow). See Figure 4 for 
location of strata. 

1 999 

STRATUM SUBTRANSECT June July 
Harrison Bpy Deep (1) 23d 18.6 17.7 

24d 19.7 18.1 
25d 25.8 20.2 
26d 24.2 20.3 
27d 21.5 14.2 
28d 20.8 14.2 
29d 19.1 17.5 
30d 18.3 17.1 
31d 14.9 12.9 
32d 16.9 14.8 
33d 16.7 14.0 
34d 12.1 10.6 
35d 13.5 8.8 
36d 9.7 9.6 
Stratum Total Ul.8 209.9 

Indwaial Dtep (2) 13d 
14d 
15d 
1 6d 
17d 
I8d 
1 W 
20d 
21d 
22d 
Stratum Total 

CmbalDCep(3) l0d 
I Id 
12d 
M 
4d 
5d 
6d 
7d 
8d 
W 
!%raturn Total 

Control Dtep (4) Id 24.2 18.9 
2d 22.9 18.3 
37d 
38d 
39d 
40d 
41d 
42d 
4M 
Stratum Total 47.1 373 

August 
17.6 
17.9 
20.6 
20.3 
19.5 
19.5 
16.9 
16.9 
15.7 
16.1 
14.2 
10.7 
12.1 
10.9 

228 .8 

June 
18.7 
19.7 
19.4 
24.0 
21.6 
21.1 
18.7 
18.5 
17.5 
16.8 
16.2 
12.1 
10.9 
11.2 

246.5 

August 
18.7 
19.8 
19.6 
24.0 
21.6 
21.1 
18.9 
18.4 
16.4 
16.8 
16.6 
12.0 
10.6 
11.0 

2455 



1 m  
STRATUM SUBTRANSECT June July August 

Harrison Bay Shallow (5) 23s 6.6 6.6 6.6 
24s 6.7 6.7 6.7 
25s 4.5 4.5 4.5 
26s 4.1 4.1 4.1 
27s 4.3 4.3 4.3 
28s 5.4 5.4 5.4 
29s 6.2 6.2 6.2 
30s 7.5 7.5 7.5 
31s 11.2 11.2 11.2 
32s 9.1 9.1 9.1 
33s 10.2 10.2 10.2 
34s 13.7 13.7 13.7 
35s 14.0 14.0 14.0 
36s 12.2 12.2 12.2 
Stratum Total 115.5 11523 11523 

hdustrial Shallow (6) 13s 
14s 
15s 
16s 
17s 
18s 
19s 
20s 
21s 
22s 
Strrtum Total 

Cenbsl Shallow (7) 10s 
I Is 
12s 
3s 
4s 
5s 
69 
7s 
8s 
9s 
Stratum Total 

C O ~ ~ I  shanow (8) IS 5.5 5.5 5.5 
2s 7.1 7.1 7.1 
37s 
38s 
39s 
40s 
41s 
42s 
43s 
Stratum Tom 1 26 126 12.6 

June 
6.6 
6.7 
4.5 
4.1 
4.3 
5.4 
6.2 
7.5 

11.2 
9.1 

10.2 
13.7 
14.0 
12.2 

115s 

2000 
July August 
6.6 6.6 
6.7 6.7 
4.5 4.5 
4.1 4.1 
4.3 4.3 
5.4 5.4 
6.2 6.2 
7.5 7.5 

11.2 11.2 
9.1 9.1 

10.2 10.2 
13.7 13.7 
14.0 14.0 
12.2 12.2 

115.5 l l I 5  



Table 5. Area (Id) surveyed per stratum during each of six replicates, Beaufort Sea, Alaska, 1999-2000. 

Stratum' 

Year Mmth 1 2 3 4 5 6 7 8 

1 999 June 25 1.8 lN.3 84.9 47.1 1 15.5 33.0 83.4 12.6 

July 209.9 154.3 141.9 37.3 115.5 33.0 84.2 12.6 

August 228.8 194.8 159.4 36.3 115.5 33.0 84.2 12.6 

2000 June 246.5 207.2 162.8 184.4 115.5 33.0 84.2 31.8 

July 246.9 182.3 93.5 88.0 115.5 33.0 84.2 31.8 

August 245.5 180.0 161.9 169.5 1 15.5 33.0 84.2 31.8 

' Strata: I- Harrison Bay Deep. 2- Industrial Deep, 3- Central Deep, 4- Control Deep. 5- Hvrison Bay Shallow, 6- Mustrial Shallow. 7- Cmtrol 
Shallow, 8- Control Shallow. 

Table 6. Independent variables incorporated into ANOVA and ANCOVA models to explain variability in marine 
bird log densities (Lnfdensitpl]) during Offshore surveys, Beaufort Sea, Alaska, 1999-2000. 

Independent Variable Variable Code Vuiabk Type 

Sbatum 
Year 
Month 
Altitude 
Sbatum*Ycar 
Sbatum*Month 
Yeaf Month 
Sbatum*Ycar*Month 
Pacent ice cover 
Wave height (ft.) 
Wind speed (mph) 

S 
Y 
M 
A 
SY 
SM 
YM 
SYM 
1 
wa 
Wi 

Factor (I -8) 
Factor (1 999,2000) 
Factor (June. July. August) 
Factor (45 m, 90 rn) 
lnterpaiontam 
lnterpction tam 
lnterpction tam 
lnterpction term 
Covariate (Arc-sine transformed) 
Covariatc (Ln transformed) 
Covan'kdte 



RESULTS 
Near-shore Survey Results 

Effects of Human Activities on Long-tailed Ducks 
We compared Long-tailed Duck population trends in "Industrial" and "Control" areas. 

We applied the combined LGL (1990-1991) and USFWS (1999-2000) data sets to ANOVA and 
ANCOVA models and found no significant interaction between Area and Year (ANOVA: F 3.12 

= 1.798, P = 0.201; ANCOVA: F 3,12 = 1.557, P = 0.251; Fig. 5, Table 7). While we did not 
detect a disproportionate change between the areas, we did detect a significant decline in 
densities of Long-tailed Ducks within the study area as a whole (ANOVA: F 3.12 = 7.664, P = 

0.004; ANCOVA: F 3.12 = 8.716, P = 0.002; Fig. 6). 

Figure 5. Comparison of bends m Long-tailed Iluck log 
density ( i  95% CI) in Conk01 and Industrial transects. 
While density decreased overall, the interaction be- 
Year and Area was not significant 

Figure 6. Long-tailed Duck log density ( i  95% CI) 
decreased significantly within near-shore transects between 
1990 and 2000. 

Next, we examined the relationship between Long-tailed Duck densities and human 
activities by assessing the significance of the Disturbance term that indicated the degree of 
human activity on survey transects. We found no significant effect of Disturbance on Long- 
tailed Duck densities (ANOVA: F 2,550 = 0.8 12, P = 0.445; ANCOVA: F 2.99 = 1.104, P = 0.332; 
Table 7). A total of 171 potential disturbances in the form of boat, aerial, and land-based human 
activities were recorded in 1990-1991 and 1999-2000 (Table 8, Fig. 7,8). Within the 24 
transects used for analysis, potential disturbances occurred at a rate of 2.5 in Industrial transects 
to every 1 on Control transects. 

hdustrial Central Contrd 

hdustrid 
I - 

Contrd 

I 
> L. 

Figure 7. Total number of potential disturbances on transects during Figure 8. Average number of potential disturbances arch year on 
Near-shore surveys, 1990-1 991,1999-2000. Potential disturbances Industrial and Control transects. Potential distwbams occurred at 

included boats (all nuuine vessels), aircraft (overflights <I50 m), and a higher rate in the Industrial area during each year of the study. 
h u m s  (workers on land adjacent to transects). 



Table 7. Results of ANOVA (A) and ANCOVA (B) tests on Long- 
tailed Duck log density (Ln[Density+l]), collected on Near-shore 
surveys in 1990- 199 1 and 1 999-2000. 

(A) ANOVA: R2 = 0.74 

Tam d f MS F' P 

Disturbance 2 
Area 1 
Year 3 
AreaZYear 3 
HabitaqArea) 4 
YedHabitat(Area) I2 
Transect(HabitatZArea) 18 
Y~ransect(Hobitat"Area) 54 
Residual Error 550 

(B) ANCOVA: R' = 0.75, one covariate- Ln(Wavet1) 

Tam d f MS F P 

Distlhfmx 2 
Area 1 
Year 3 
AreaOYear 3 
HabitaqArea) 4 
Year"Habitat(Area) 12 
Tmnwt(Habitat"Area) 18 
YearTransect(Habitat"Area) 54 
Ln(wavetl) 1 
Residual Enw 549 

' See table 2 for errw t m  used to derive F- statistic 

differed significantly (P = 0.002) 
between the Control Area (R = 3.76 7~ * 0.27 95% CI) and the Industrial C 6 
area (R = 0.91 f 0.19 95% CI). 0 - 
Fourth, the significant interaction 3 5 
term Year*Habitat(Area), indicated - u 
that the Habitats within Areas varied 5 
significantly between Years. For 3 

Components of Variation 
Five components 

explained 74% and 75% 
(ANOVA and ANCOVA, 
respectively) of the variation in 
Long-tailed Duck densities 
(Table 7). First, the significant 
wave covariate indicated that as 
wave height increased, density 
decreased. Second, the 
significant Year term suggested 
that Long-tailed Duck densities 
decreased area-wide fiom 1990- 
2000. Scheffe pair-wise 
comparisons show that 1990 log 
densities were significantly 
higher than 1999 (P = 0.0 18) 
and 2000 (P = 0.005; Fig. 6). 
Third, while Long-tailed Duck 
densities were the same in the 
Industrial and Control areas as a 
whole (ANOVA: F 1,4 = 0.702, 
P = 0.449; ANCOVA: F 1 ,  = 
0.679, P = 0.456), the 
importance of specific habitats 
differed between the two areas 
as shown in a significant 
Habitat(Area) term. For 
example, log densities in 
Mainland Coastline habitat 

example, density of Long-tailed 1990 1991 1999 2000 
Ducks was relatively high in Barrier 
Island habitat in the Control area Figure 9. Mean log density (i 95% C1) of Long-tailed Ducks in Barrier 

Island habitat within & Control area was variable among years. 
during the summer of 1990 but 
decreased significantly in subsequent years (Fig. 9). Fifth, while densities of Long-tailed Ducks 
varied among Area-Habitat strata, the significant term Transect(Habitat*Area) demonstrated that 
density varied within these strata as well. Thus, Long-tailed Duck density in some transects was 
consistently high relative to other transects in the same Area-Habitat strata. These fine-scale 



differences within given Habitats and Areas were consistent over the four year sampling 
period, as seen in the non-significant interaction term Year4Transect(Area*Habitat). 

Table 8. Potential disturbances recorded on Industrial, Central, and Control fmnsects. Potential disturbances 
iocluded boats (all marine vessels), aircraft (overflights 4 5 0  m), and humans (workers on land adjacent to transects). 

Potential Disturbance 
Ann Transect k t  Aircraft Humn Total 

Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 
Industrial 

Central 904 5 
Cmml 905 2 
Cmml 907 25 
Cmtral 908 2 
Central 910 5 
Cmtral 91 1 1 
Cmenl 915 0 

Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 

Near-shore S w i e s  Commsition and Distribution 
In 1999, we increased the range of marine bud sampling beyond transects sampled in 

1990- 1991 (Fig. 3). Unlike the previous section that reported results of a model designed 
specifically to identi@ human related effects on Long-tailed Ducks, here we use data fiom the 
expanded sampling area to describe the distribution of a suite of marine birds observed during 12 
replicate surveys h m  1999-2000. 

We recorded 30 avian taxa during Near-shore surveys in 1999-2000 (Tables 9,lO; 
Appendices 1 a-k). Among this diverse avifauna, Long-tailed Ducks comprised nearly 80% of all 
birds counted in the Near-shore study area (Table 10, Fig. 10). Moreover, Long-tailed Ducks 
were the predominant species in all four habitats sampled: Near-shore Marine- 58%, Barrier 
Island- 83%, Mid-lagoon- 77%, Mainland Shoreline- 72%. When combined with Long-tailed 
Ducks, other marine species such as Common Eiders (6%), Shorebirds (Charadriidae spp. and 



Scolopacidae spp.; 5%), and Glaucous Gulls ( L a m  hyperboreus; 4%) comprised 95% of all 
species seen in the near-shore environment. The remaining 5% of birds was made up by 26 
avian taxa. 

In the subsequent sections we report on the distribution patterns of 1 1 focal 
specidspecies groups that together comprised 99% of all observations. These include: Long- 
tailed Duck, Common Eider, King Eider, Scoter (Melanitta spp.), Pacific Loon (Gaviapacifica), 
Red-throated Loon (Gavia stellata), Yellow-billed Loon (Gavia adamsii), Glaucous Gull, 
Northern Pintail (Anus acuta), Geese and Swans (Anserinae spp.), and Shorebirds (Charadnidae 
and Scolopacidae spp.). Incidental observations of ten additional taxa seen in the near-shore 
environment occurred in densities so low that generalizations regarding their distribution patterns 
are difficult, and thus are not discussed here. These include: Grebe (Podiceps spp.), Northern 
Shoveler (Anus clypeata), Scaup (Aythya spp.), Red-breasted Merganser (Mergus senator), 
Jaeger (Stercorarius spp.), Sabine's Gull (Xema sabini), Arctic Tern (Sterna paradisaea), Black 
Guillemot (Cepphus grylle), Gyrfalcon (Falco rusticolus), and Common Raven (Corvus corm). 

Table 9. Counts of all birds observed during 12 Near-shore aerial surveys, Beaufort Sea, Alaska, 1999-2000. 

Species 
Yellow-billad Loon 
Pacific Loon 
Red-throated Loon 
Unidentifd Loon spp. - SPP- 
T& Swan 

White-fronted Goose 
snow Goose 
Canada Goose 
Black Brant 
Northem Pintail 
Northem Shoveler 

k u p  SPP. 
Common Eider 
King Eider 
Eider spp. 

Black Scoter 
White-winged Scoter 
Surf Scoter 
Unidentified Scoter spp. 

bg-tailad Duck 
Red-breasted Merganser 

Shorebird spp. 

J=ger SPP. 
Glaucous Gull 
Sabine's Gun 
Arctic Tan 
Black Guillemot 

W h  
Conmv~l Raven 



LONG-TAILED DUCK- Long-tailed Ducks were ubiquitous in the near-shore 
environment with a total 2,726 flocks sighted in 1999-2000 (median flock size = 10, range 1 - 
999; Table 11). Significant variation in densities occurred both among ( F  932 = 20.652, P < 
0.001) and within ( F  32,482 = 4.071, P < 0.001) Area-Habitat strata. In general, Long-tailed Duck 
densities were highest in barrier island habitat throughout the study area, and along the eastern 
coastline (Figs. 1 1, 12). In contrast, transects throughout Near-shore Marine, Central Mid- 
lagoon, and Industrial and Central Mainland Coastline habitats had low densities of Long-tailed 
Ducks. Among these strata, it is noteworthy that Mainland Coastline transects in the Industrial 
and Central areas had low densities relative to the Control area. 

Table 10. Total count and percent Table 1 1. Flock size of birds observed during 12 Near- 
composition of bird species observed during shore aerial surveys, Beaufort Sea, Alaska, 
12 replicate Near-shore surveys, Beaufort Sea, 1999-2000. Species with fewer than 10 flock sightings 
Alaska, 1999-2000. are not presented. 

Total Species n Median Range Mean SE 
Species observed K of total Yellow-billed Loon 55 1 .O 1-3 1.22 0.06 

Pacific Loon 514 1.0 1-30 1.39 0.07 
Yellow-billed Loon 67 0.057 Red-tluoaled Loon 109 1 .O 1-5 1.51 0.09 
Pacific Loon 715 0.649 Tundra Swan 11 3.0 1-14 4.82 1.36 
Red-throated Loon 165 0.141 White-fronted Goose 71 11.0 1-60 16.13 1.78 
Unidentified Loon Spp. 5 0.004 Snow Goose 12 22.5 1-110 30.42 926 
Grebe Spp. 1 0.001 Canada Cioose 25 18.0 2-125 30.64 6.22 
Tundra Swan 53 0.045 Black Brant 17 10.0 2-60 19.24 4.61 
White.-fronted Goose 1145 0.980 Northern Pintail 1 02 6.5 1-154 14.24 2.03 
Snow Goose 365 0.312 ~ U P  @P- 17 5.0 140  10.00 2.90 
Canada Goose 766 0.655 Common Eider 610 3.0 1-354 11.01 I20 
Black Brant 327 0.280 King Eider 16 6.0 1-90 12.13 5.99 
N d m n  Pintail 1452 1.242 Surf Scoter 97 4.0 1-100 10.51 1.71 
Nor(hern Shoveler 1 0.001 Unidentified Scokr Spp. 20 4.0 1-100 15.15 5.94 

&up S ~ P .  170 0.145 Long-tailed Duck 2726 10.0 1-999 33.89 1.37 
Common Eider 6717 5.748 Rcd-breasted Merganser 3 1 4.0 1-130 14.19 4.W 
King Eider IW 0.166 Shorebird I82 10.0 l a  29.18 4.02 
Eida Spp. 460 0.3W J ~ g a r  SPP. IS 1 .O 1-3 1.47 0.17 
Black Scoter 102 0.087 Glaucws Gull 1509 1.0 1-80 2.92 0.16 
White.-winged Scokr % 0.082 Sabine's Gull 11 1.2 140  5.64 3.47 
Surf Scota 1019 0.872 Arctic Tem 29 1.0 1-15 1.90 0.48 
Unidentified Scoter Spp. 303 0.259 
Long-tailed Iluck 92383 79.049 
Red-breasted Maganser 440 0.376 
Shorebird Spp. 5310 4.544 
Jaeger spp. 22 0.019 While Long-tailed Ducks were distributed 
Glaucous GUII 4408 3.772 differently among Area-Habitat strata, densities varied 
Sabine's Gull 62 0.053 
Arctic Tem 55 0.047 among transects within strata (Table 12) suggesting 
Black GuiIIemot I 0.001 subtle differences in distribution irrespective of 
Gyrfalcon I 0.001 Habitat and Area. For example, densities were 
Common Raven 20 0.017 significantly greater in transect 3 1 (R = 4.04, * 0.83 
T O ~ ~ I  116868 100.00 95% CI) than in the adjoining transect 23 (R = 2-51, i 

0.68 95% CI) despite similar habitat, and location. 
These small-scale differences may reflect microhabitat 

differences such as prey availability, protection h m  poor weather, or possibly reduced 
disturbance fiom human activities. 



Figure 10. Percent composition of species observed during Near-shore surveys. 1999-2000. 
Long-tailed Ducks were ubiquitous among all habitats surveyed. 

Table 12. Mean log density (Ln[dentl]) of long-tailed Ducks in transects and habitat-area strata. 

Habitat Area Tmsect Log Density Strata Mean Habitat Area Tmsect Log Density Strata Mean 

Central 
907 2.15 
908 3.30 
909 3.55 

Control 
133 4.3 1 
134 3.73 
135 4.18 
136 4.20 

Mainland Coastline 
MustJial 

25 0.36 
- 33 0.45 

401 1.14 
402 1.05 

Cmtral 
913 0.84 
914 0.25 
91 5 1.46 

Control 
190 2.95 
191 4.30 
192 4.06 
193 2.27 

Near-shore Marine 
Industrial 

Mid-lagoon 
Industrial 

24 0.65 101 0.54 
301 2.17 102 0.2 1 
302 1.80 22 0.34 
32 2.36 30 0.27 

0.34 
Cmtral Cmtral 

910 0.60 904 0.04 
91 1 0.13 905 0.76 
912 0.41 906 0.51 

0.44 
Control Control 

180 2.44 60 0.73 
181 1.78 61 0.73 
182 1.82 62 0.84 
183 0.50 63 0.68 

1.64 0.75 





COMMON EIDER-As with Long-tailed Ducks, Common Eider flocks were 
seen regularly throughout the near-shore environment (median flock size = 3, range 1-350; Table 
1 1). Common Eiders shared a similar distribution with Long-tailed Ducks with densities varying 
both among (F 932 = 6.601, P < 0.001) and within (F 32,482 = 4.366, P < 0.001) Area-Habitat strata 
(Figs. 13, 14). Densities of Common Eiders were highest in Barrier Island habitat, particularly in 
the Central and Control areas. In contrast, Common Eider densities were relatively low in all 
habitats within the Industrial area. 

As with Long-tailed Ducks, distribution of Common Eiders varied within some Area- 
Habitat strata (Table 13). Notable examples of this were seen in the Control Barrier Islands 
strata, where densities decreased h m  west to east. Of these, transect 133 had significantly 
higher densities than neighboring transects 135 and 136. 

Table 13. Mean log density (In[den+l]) of Common Eiders in bansects and habitat-area strata. 

Habitat Ara Transect Log Dmsity Strata Mean Habitat Area Trpnsect Log Density Strata Mean 

Barrier Island 
Industrial 

20 1 0.23 
202 0.47 
23 0.37 
31 0.34 

central 
907 O.% 
908 0.89 
909 1.78 

Mainland Coastline 
Industrial 

25 0.00 
33 0.00 
401 0.00 
402 0.00 

Control 
190 0.28 
191 0.5 1 
1 92 0.37 
193 0.36 

Mid-lagoon Near-shure Marine 
Industrial lndustrial 

24 0.09 101 0.28 
301 0.00 102 0.00 
302 0.00 22 0.34 
32 0.12 30 0.27 

0.05 0.22 
Central Central 

910 0.14 904 0.15 
91 1 0.01 905 0.01 
91 2 0.38 906 0.0 1 

0.1 8 0.06 
Control Control 

180 0.06 60 0.48 
181 0.21 61 0.57 
182 0.54 62 0.17 
183 0.45 63 0.00 

031  030  





KING EIDER-While Common Eiders were seen regularly in the near-shore 
environment, King Eiders were rarely observed. Those that were observed, however, occurred in 
relatively large flocks (median flock size = 6, range 1-90; Table 11); and were generally sighted 
in the Industrial Near-shore Marine stratum (Fig. 15, Table 14). Despite higher mean density in 
this stratum, no statistical difference was detected among the 12 Area-Habitat strata (F  932 = 
1.196, P = 0.33 1). Moreover, there was no detectable variability among transects within a 
stratum (F 32,482 = 1.106, P = 0.320). These results are likely due to the high variability of 
densities between replicates and an overall low sighting rate of this species in the near-shore 
area 

Table 14. Mean log density (In[den+l]) of King Eide~s in transects and habitat-area strata. 

Habitat Area Tmsect Log Density Strata Mean Habitat Area Tfanswt Log Density StrataMean 

Barrier Island Mainland Coastline 
Mustrial industrial 

201 0.00 25 0.00 
202 0.00 33 0.00 
23 0.00 40 1 0.00 
3 1 0.00 402 0.00 

e.OO 
Central Central 

907 0.09 91 3 0.00 
908 0.20 914 0.00 
909 0.00 915 0.00 

e.06 
Control Control 

I33 0.02 190 0.01 
134 0.00 191 0.00 
135 0.00 192 0.00 
136 0.00 193 0.00 

0.01 

Mid-lagoon Near-shore Marine 
hlustrial industrial 

24 0.00 101 0.02 
30 1 0.00 102 0.00 
302 0.00 22 0.00 
32 0.00 30 0.28 

0.00 0.0s 
Cenbal Central 

910 0.00 904 0.05 
91 1 0.00 905 0.06 
912 0.02 906 0.00 

0.01 0.04 
East East 

180 0.00 60 0.00 
181 0.05 61 0.02 
182 0.00 62 0.00 
183 0.00 63 0.00 

0.01 0.01) 





SCOTERS-Surf Scoters (Melanitta perspicillata) comprised 84% of all 
Scoters identified to species, whereas Black Scoter (M. nigra) and White-winged Scoter (M. 
N c a )  each represented 8% of identified Scoters. Similar to King Eiders, Scoters generally 
occurred in large flocks (median flock size = 4, range 1-100; Table 1 1). In contrast to King 
Eiders, however, Scoters were distributed diffkrently among Area-Habitat strata ( F  9,32 = 20.652, 
P < 0.001). While densities were consistently low in most strata, Scoter densities were 
substantially higher in the Industrial Mid-lagoon (Figs. 16, 17). Scoter density also varied within 
strata (F  32,482 = 1.653, P < 0.01 5; Table 15). Multiple comparisons, however, did not reveal a 
significant difference among transects within Area-Habitat strata (P > 0.05), suggesting that 
insuflicient data are available to assess small-scale differences. 

Table 15. Mean log density (In[den+l]) of all Scoters in transects and habitat-area strata. 

Habitat Area Tmsect Log Density Strata Mean Habitat Area Transect Log Density Strata Mean 

Bnier Island 
Industrial 

201 0.24 
202 0.18 

- 23 0.00 
31 0.29 

Central 
907 0.20 
908 0.00 
909 0.02 

Conrnl 
133 0.08 
134 0.00 
135 0.47 
136 0.16 

0.18 

Mainland Coastline 
tndustrial 

25 0.00 
33 0.00 
401 0.01 
402 0.00 

Central 
913 0.02 
914 0.00 
915 0.00 

Control 
190 0.05 
191 0.05 
192 0.01 
193 0.03 

Mid-lagoon Near-shore Marine 
tndustrial Industrial 

24 0.23 101 0.03 
301 1.02 102 0.00 
302 0.91 22 0.26 
32 1.08 30 0.00 

081 
Central Central 

910 0.04 904 0.02 
91 1 0.08 905 0.00 
912 0.01 906 0.28 

0.04 0.10 
Conrnl Conbol 

180 0.00 60 0.00 
181 0.07 61 0.00 
182 0.16 62 0.03 
183 0.00 63 0.00 

0.06 0.01 



Kilometers 

Figure 16. Locations of Scoters during I 2  Near-shore surveys, t 999-2000. 

Figure 17. Me~n kg density ( r 95% CI) of Scorn amrmg four 
--sham habitais in Control, Ccnhl. and Indusbhl p~as, 

1999-2000. 



GLAUCOUS GULL-In contrast to Scoters, Glaucous Gulls occwed as 
individuals or in small flocks (median flock size = 1, range 1-80; Table 1 1). The distribution of 
Glaucous Gulls varied among ( F  922 = 19.537, P < 0.001) and within ( F  32,482 = 2.352, P < 0.001) 
Area-Habitat strata. In general, Glaucous Gull densities were highest along Barrier Island and 
Mainland Shoreline habitat, while Mid-lagoon appeared less important (Figs. 18, 19). 
Interestingly, Near-shore Marine habitat was important for this species in the eastern area only. 

Within Area-Habitat strata, transect means were significantly different in the western 
Barrier Islands. Specifically, transect 23 had consistently higher densities than transect 202, a 
few kilometers to the west (Table 16). This difference contrasts with the distribution of long- 
tailed Ducks where densities in transect 23 were significantly lower than neighboring transects in 
the same stratum. 

Table 16. Mean log density (In[den+l]) of Glaucous-winged Gulls in transects and habitat-area strata. 

Habitat Area Tmsect Log Dmsity Shta Mean Habitat Area Tmsect Log Dmsity Strata Mean 

Barrier Island 
Jndustrial 

201 1.36 
202 0.95 
23 1.86 
31 1.22 

Control 
133 0.55 
1 34 0.69 
135 0.95 
136 0.83 

0.76 

Mainland Coastline 
Industrial 

25 0.49 
33 0.66 
401 0.92 
402 0.44 

Control 
190 0.81 
191 0.66 
192 0.68 
193 0.65 

Mid-lagoon Near-shom Marine 
Jndustrial Industrial 

24 0.12 101 0.40 
301 0.01 102 0.08 
302 0.04 22 0.08 
32 0.05 30 0.07 

0.06 0.16 
central Central 

910 0.14 904 0.14 
91 1 0.15 905 0.15 
91 2 0.03 906 0.04 

0.11 0.1 1 
Control Control 

180 0.65 60 0.15 
181 0.14 61 0.05 
182 0.08 62 0.09 
183 0.06 63 0.01 

0.23 0.08 



Figure 18. htiotldl of Glaucous Culls during 12 Near-shore surveys, 1999-2000. 

Flgurel9, Mmnlogdmriry(*95%C1)os0L~ 
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and lnd&al m l999-aOM). 



NORTHERN PINTAIL-In contrast to the marine birds previously discussed, 
Northern Pintails were distributed almost exclusively along the coastline (Fig. 20) in relatively 
large flocks (median flock size = 6.5, range 1-150; Table 1 1). Thus, Pintail distribution varied 
significantly among Area-Habitat strata (F 9,32= 9.132, P < 0.001) with the highest densities 
occurring throughout the Mainland Coastline strata (Fig. 21). The affinity to coastline was 
consistent among transects within the Mainland Coastline strata (F 32,482 = 1.193, P = 0.219, 
Table 17). That is, densities did not vary significantly among transects withi.n a given Habitat in 
an Area. 

Table 17. Mean log density (ln[den+l]) of Northern Pintail in traosects and habital-area strata. 

Habitat Area Transecl Log Dcnsi~y Strata Mcan Habitat A m  Tmnscct Log Dmsity Strata Mean 

Barriu Island 
Industrial 

20 1 0.08 
202 0.00 
23 0.03 
3 1 0.00 

Control 
133 0.00 
134 0.0 1 
135 0.02 
136 0.13 

0.04 

Mainland Coasllinc 
Industrial 

25 0.26 
33 0.24 

40 1 0.42 
402 0.23 

Central 
91 3 0.00 
914 0.80 
915 0.30 

Control 
190 0.72 
191 0.70 
192 0.23 
193 0.57 

Mid-lagoon Near-shore Marine 
Industn'al Industrial 

24 0.00 101 0.02 
301 0.00 102 0.01 
302 0.00 22 0.00 
32 0.00 30 0.00 

0.00 0.01 
CenhaI Central 

91 0 0.00 0 4  0.04 
91 1 0.00 905 0.0 1 
912 0.00 906 0.00 

0.00 0.02 
Cmtml CorltroT 

180 0.00 60 0.00 
18 1 0.00 6 1 0.00 
182 0.00 62 0.00 
183 0.00 63 0.00 

0.00 0.00 



b 
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'igure 20. Locations of Northern Pintails during 12 Near-shore surveys. 1999-2000 

Flgum 2 1. Mean log density ( t 9% Ct) of N d e m  Pintails 
among four near-shore habitats in Control, CenaPI. and 
industrial areas. 1 999-2000, 



GEEESE AND SWANS- The Geese and Swan group was composed of 
White-fionted Geese (Anser albzpons), Canada Geese (Branta canadensis), Black Brant (Branta 
bernicla), and Tundra Swans (Cygnus columbianus). These birds shared a similar distribution 
with that of Northern Pintail. Specifically, Geese and Swans were concentrated in Mainland 
Coastline Habitat (F 932 = 7.382, P < 0.001; Figs. 22,23). Unlike Pintails, however, their 
densities tended to be lower in the Control area relative to other Coastline strata, although this 
difference was not statistically significant. Similarly, Geese and Swab distribution differed fiom 
that of Pintails in that densities varied significantly among subtransects within habitat-area strata 
(F 32,482 = 2.786, P < 0.001). For example, within the Central Mainland Coastline stratum, mean 
log density of Geese and Swans was nearly five times greater in transect 91 5 than in neighboring 
9 14 (Table 1 8). 

Table 18. Mean log density (In[den+l]) of Geese and Swan in transects and habitat-area strata. 

Habitat Area Transect Log Density Strata Mean Habitat Area Tmsect Log Density Strata Mean 

Barria bland Mainland Coestline 
Mustrial Industrial 

20 1 0.36 25 0.27 
202 0.14 33 0.92 
23 0.1 8 40 1 1.10 
31 0.00 402 O.% 

0.17 
Central Central 

907 0.00 913 0.50 
908 0.00 914 0.32 
909 0.00 915 1.57 

0.00 
Control Control 

133 0.00 190 0.33 
134 0.00 191 0.34 
135 0.18 192 0.08 
136 0.18 193 0.61 

0.09 

Mid-lagoon Near-shore Marine 
lndustiial Industrial 

24 0.00 101 0.00 
301 0.00 102 0.00 
302 0.00 22 0.1 1 
32 0.00 30 0.00 

0.00 
Central Central 

910 0.00 904 0.00 
91 1 0.00 905 0.00 
912 0.00 906 0.00 

0.00 
Control Control 

180 0.00 60 0.1 1 
181 0.00 61 0.00 
182 0.00 62 0.00 
183 0.00 63 0.00 

0.00 0.03 
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SHOREBIRDS- Due to their small size, identification of shorebirds to species 
was difficult. Thus, in this survey we lumped all observations into the broad classification of 
"Shorebirds" which represented any species belonging to the families Charadriidae or 
Scolopacidae. Shorebirds were seen commonly in large flocks (median = 10, range 1-400; Table 
1 1). Densities of this group were highly variable between replicate surveys, particularly in 
Barrier Island and Mainland Coastline Habitats. Despite fluctuations between counts, densities 
were significantly higher in the Industrial and Central Barrier Island Strata than elsewhere in the 
study area (F 932 = 10.313, P < 0.001 ; Figs. 24,25). While significant variation occurred 
between strata, these differences were consistent within strata ( F  32,482 = 0.873, P = 0.670; Table 
19). Thus, no small-scale differences in densities were detectable. 

Table 19. Mean log density (In[den+l]) of Shorebirds in transects and habitat-area strata. 

Habitat An? Tmsect Log Density StrataMan Habitat Area Transect Log Density Strata Mean 

Control 
133 0.77 
1 34 0.12 
135 0.75 
136 0.25 

Mid-lagoon 
Industrial 

24 0.00 
301 0.00 
302 0.09 
32 0.00 

Centnl 
910 0.00 
91 1 0.00 
912 0.02 

Mainland Coastline 
lndustrial 

25 0.15 
33 0.63 
401 0.2 1 
402 0.04 

Central 
913 0.33 
914 0.56 
915 0.56 

Near-she Marine 
Industrial 

101 0.07 
102 0.05 
22 0.00 
30 0.00 

Centnl 
904 0.03 
905 0.00 
906 0.00 

Control Contrd 
180 0.49 60 0.03 
181 0.00 61 0.00 
182 0.05 62 0.00 
183 0.00 63 0.00 

0.13 0.01 
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Figum 24. Locations of Shorcbids during 12 Near-shoru surveys. 1999-2000. 

Barrier b. Mu-Lagoon Coastii 

Figure 25. Murl log density (+'IS% CI) of Shorebirds a m n g  four 
near-shore habilats in Conlrol, Caitnl, and I~tdustrial arm, 1999- 
2000. 



PACIFIC LOON-Pacific Loons were the most common loon species 
observed during Near-shore surveys. They occurred alone, in pairs, and in small flocks (median 
flock size = 1, range 1-30; Table 11) throughout all habitats (Fig. 26). Given the broad-scale 
distribution of Pacific Loons, differences in density among Area-Habitat strata were not 
detectable ( F  932 = 1.891, P = 0.090). Similarly, transects within Area-Habitat strata did not vary 
significantly (F  32,482 = 1.057, P = 0.385; Table 20). 

Table 20. Mean log density (ln[den+l]) of Pacific Loons in transects and habitat-area strata. 

Habitat Area Tmsect Log Density Strata Mean Habitat A m  Tmsect Log Density Strata Mean 

Barrier Island Mainland Coastline 
Industrial Indusbial 

20 1 0.20 25 0.23 
202 0.05 33 0.27 
23 0.16 401 0.31 
3 1 0.35 402 0.30 

0.19 0.28 
Central Central 

907 0.09 91 3 0.14 
908 0.1 1 914 0.05 
909 0.1 1 91 5 0.20 

0.10 0.13 
Control Control 

133 0.05 190 0.16 
1 34 0.12 191 0.30 
135 0.10 192 0.15 
136 0.14 193 0.1 8 

0.10 0.20 

Mid-lagoon Near-shore Marine 
Industrial Industrial 

24 0.18 101 0.14 
301 0.14 102 0.08 
302 0.20 22 0.04 
32 0.26 30 0.09 

0.20 0.09 
Central Central 

910 0.20 904 0.08 
91 1 0.10 905 0.21 
912 0.08 906 0.13 

0.13 0.14 
Control Control 

180 0.25 60 0.1 1 
181 0.09 61 0.16 
182 0.10 62 0.15 
183 0.13 63 0.10 

0.14 0.13 



Figure 26. Locations of Pacific Loons during 12 Near-shore surve) % 



RED-THROATED LOON-Unlike Pacific Loons, Red-throated Loons were 
relatively uncommon in the near-shore environment and occurred in small flocks (median flock 
size = 1, range 1-5; Table 1 I). Red-throated Loons tended to occur in Mainland Coastline 
Habitat with greater frequency than in other habitats, yet this difference was not statistically 
significant at the alpha = 0.05 level ( F  9 ~ 2  = 2.338, P = 0.057; Fig. 27). Moreover, transects 
within Area-Habitat strata did not vary (F  32,482 = 1.325, P = 0.113; Table 2 I), suggesting that 
small-scale differences in densities were not detectable within strata. 

Table 21. Mean log density (h[den+l]) of Red-throated Loons in transects and habitat-area strata. 

Habitat A m  Tmsect LogDensity StrataMean Habitat Area Tmsect Log Density Sbata Mean 

Barrier Island Mainlmd Coastline 
Mustrial Industrial 

201 0.05 25 0.05 
202 0.00 33 0.05 
23 0.03 401 0.09 
3 1 0.04 402 0.10 

0.01 
Central Central 

907 0.00 913 0.08 
908 0.01 914 0.01 
909 0.02 915 0.1 1 

6-07 
control Control 

133 0.06 190 0.13 
134 0.01 191 0.13 
135 0.01 192 0.06 
136 0.10 193 0.02 

0.09 

Mid-lagoon 
Industrial 

Nea~-shore Marine 
Industrial 

24 0.02 101 0.00 
30 1 0.04 1 02 0.01 
302 0.00 22 0.07 
32 0.01 30 0.05 

0.03 
Central Central 

910 0.10 904 0.00 
91 1 0.00 905 0.02 
912 0.01 906 0.02 

0.01 
Control Control 

180 0.06 60 0.04 
181 0.00 6 1 0.00 
182 0.00 62 0.03 
183 0.00 63 0.00 

0.02 0.02 
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YELLOW-BILLED LOON-As with Red-throated Loons, Yellow-billed 
Loons were uncommon in the near-shore environment. Mean flock size was the lowest of all 
marine birds recorded during the surveys (median flock size = 1, range 1-3; Table 1 1) and 
overall counts were lower than other taxa groups whose distribution is described in this report 
(Table 10). Regardless, densities of Yellow-billed Loons were significantly different among 
given Area-Habitat strata ( F  = 3.175, P = 0.007; Figs. 28,29). Specifically, densities were 
highest in Industrial and Control Barrier Islands and lowest in the Near-shore Marine Habitat. 
Despite considerable variation between Area-Habitat strata, transects within Area-Habitat strata 
were not significantly different ( F  32,482 = 1.249, P = 0.168; Table 22). While this result suggests 
that small-scale differences in densities did not occur within strata, the low abundance of this 
species overall makes detecting significant differences difficult. 

Table 22. Mean log density (In[den+l]) of Yellow-billed Loons in lransects and habitat-area strata. 

Habitat Area Tmsect Log Density Sbata Mean Habitat Area Tmnsect b g  Density SbataMean 

M e r  Island 
Industrial 

201 
202 
23 
3 1 

Central 
907 
908 
909 

Control 
133 
1 34 
135 
136 

Mainland Coastline 
Industrial 

25 

Central 
91 3 
914 
915 

Control 
190 
191 
1 92 
193 

Mid-lagoon Near-shore Marine 
Industrial Industrial 

24 0.05 101 0.01 
30 1 0.00 102 0.00 
302 0.04 22 0.00 
32 0.01 30 0.00 

0.03 0.00 
Central Central 

910 0.01 904 0.00 
91 1 0.01 905 0.00 
91 2 0.00 906 0.00 

0.01 0.00 
Control Control 

180 0.01 60 0.00 
181 0.00 61 0.00 
182 0.03 62 0.00 
183 0.00 63 0.02 

0.01 0.01 
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Bias Due to Changes in Survev Platform 
Due to concerns that aircraft type may influence density estimates of marine birds, we 

tested the effect of survey platform (single-engine, twin-engine) on the log density of Long-tailed 
Ducks. We chose to examine Long-tailed Ducks because they were the focal species of inter- 
area trend comparisons, and they occurred in higher numbers (Table 10) and larger flocks (Table 
11) than other species observed in this study. This approach reduced the possibility of 
committing a Type II error (Johnson and Gazey 1992). 

Two statistical tests were completed to measure potential bias due to survey platform. 
The results of these tests were equivocal. A two-tailed t-test comparing log density estimates 
h m  the single-engine surveys vs. twin-engine surveys revealed no significant difference 
between the groups (sin&-engine n = 3.00 + 0.08 SE, twin-engine R = 3.02 * 0.28 SE; t-test: 
t646 = -0.059, P = 0.953). When the factor Platform was included in the ANCOVA model, 
however, Platform was statistically significant (Table 23). That is, when all factors and 
covariates were controlled for, the least squares means were significantly different between the 

groups (single-engine R = 3.12 
* 0.14 SE, twin-engine R = 3.59 

Table 23. Results of ANCOVA on Long-tailed Duck log density * 0.22 SE; F l a g =  11.954, P = 
(La@ensity+l]) while controlling for Platform. 0.008. 
R* = 0.76 The Near-shore Survey 

was not designed to test the 
Tam d f MS F1 effect of survey platform on 
Disturbance 2 1.105 1.114 032g sightability of marine birds. 
~ r e a  I 143.212 0.681 0.456 The attempt to ascertain the 
ye~r 3 62.454 9.072 importanceofPlatform, 
AreacYear 3 10.844 1.575 0.247 
Habitat(Area) 4 210.332 15.216 < 0.001 therefore, is difficult given the 
YeaPHabitat(Area) 12 6.884 6.53 I < 0.001 restriction of a twin-engine 
Transect(Habitat*Area) 18 13.823 13.931 0 . 1  aircraft to 1999 only. 
YedTransect(Habitat*Area) 54 1 .054 1.062 
Ln(Wave1) 1 3 1.443 3 1.689 

0.361 Nonetheless, the po-ssibility that 
< 0 . 1  

Platform I 6.959 7.013 ,,, Platform may have influenced 
Residual E ~ R  548 0.992 our results prompted us to treat 

this factor as a nuisance 

See tabk 2 f a  error t m  used to derive F- statistic 
parameter, control for it in the 
ANCOVA model and reassess 
the hypotheses that were 
designed to test for industry 

effects. When we did this, the results of our inter-area trend comparisons and correlation 
between human activity and bird distribution remained unchanged (Tables 7,23) indicating that 
type of aircraft used was unimportant when evaluating the effects of human activities on Long- 
tailed Ducks. 



Offshore Survey Results 
Components of Variation in Offshore Distribution-As with the Near-shore survey data, 

variation in offshore marine bird density was quantified using ANOVA and ANCOVA models. 
Although similar analysis techniques were used, far less variation was explained in the offshore 
area compared to the near-shore area. For example, only 40% of the variation in Long-tailed 
Duck density in the offshore area was explained by ANOVA and ANCOVA models (Tables 24) 
compared with 75% in the near-shore area. 

Table 24. Final analysis of v e c e  (ANOVA) and analysis of covariance Densities of marine 

(ANCOVA) models tbat explain variation in log density (h$density+l]) of in the offshore 
waterfowl and marine birds on Offshore surveys, Beaufort Sea, Alaska, environment varied across 
1999-2000. Non-significant factors and covariates were removed time and space. Thus, 
following backward stepwise removal procedures. generalizations regarding bird 

ANOVA NOVA distribution must take into 
Species ~ r o u p  Moder R' Model R' account both the time of year 

All Eider 
common 
Eida 
King Eider 
Spectacled 
Eida 
Long-tailed 
Duck 
All Seoten 
Glaucous 
Gulls 
All Loons 
Pacific Loon 
Rcd-throated 

and general area. To 
illustrate, while Month (June, 
July, August) and Strata 
explained a significant portion 
of variation in density for 
most focal taxa (Table 25), a 
significant Strata*Month term 
was detected among King 
Eiders, Long-tailed Ducks, 
Scoters, Glaucous Gulls, 

Lmn 
Yellow-billed S+R+YR+SYR 0.17 S+R+Wi+YR+SYR 0.18 Pacific Loons, and Red- 
~ o o n  throated Loons (P < 0.05), 
' Sce table 5 for tam abbteviations 
b ~ . o ~ s  revealing that local 

distribution pattern varied by 
stage of the summer. 

Although the stage of summer impacted distribution patterns of many marine birds, its 
effect varied between years. For example, the YedMonth term was significant among King 
Eiders, Scoters, and Red-throated and Yellow-billed Loons. Thus for these species, densities 
varied by Month to varying extents in 1999 vmus 2000. Similarly, the Yeai'Strata term was 
significant among Common Eiders, Long-tailed Ducks, and Red-throated Loons (P < 0.05) 
suggesting that these birds used strata differently between 1999-2000. 

To better explain variability in density estimates in the offshore area, three covariates 
were included in an ANCOVA model (Table 6). These covariates included Percent Ice Cover 
(Arc-sine transformed), Wave Height (Log transformed), and Wind Speed. These covariates 
were negatively correlated with density of several species (Table 26). Thus, as Ice Cover, Wave 
Height, and Wind Speed increased, bird density decreased. While these covariates explained a 
significant portion of variability in density estimates of several taxa, their contribution was 
relatively small. This is demonstrated by the similarity in R~ estimates (representing the 
proportion of variability explained in a given model) in the ANOVA and ANCOVA models 
(Table 24). For example, among Red-throated Loons, an equal proportion of variability was 
accounted for in the two models. Similarly, among Glaucous Gulls and Yellow-billed Loons, 
just 1% more of the variance was explained when covariates were introduced. Thus, with the 
exception of models describing Pacific Loon density, whose R~ increased by 5% when covariates 
were included, Ice Cover, Wave Height and Wind Speed had little effect on density estimates of - 

marine birds. 



Several important considerations regarding these covariates should be considered when 
interpreting these results. First, wind and waves are correlated; thus it is possible that while wind 
speed may be significant in an ANCOVA model, its inclusion prevents the wave height 
parameter from appearing significant. Second, it is likely that wave height and wind speed affect 
the sightability rather than density of marine birds. For this reason, standard protocol requires 
that surveys be conducted under specific weather conditions. For example, surveys were 
initiated only when surface winds were less than 15 knots. Similarly, observations were 
suspended if winds exceeded 20 knots during the course of the survey. Thus, we do not have a 
random sample of weather conditions to test the effect of wind and waves. It is likely that under 
severe weather conditions wind speed and wave height could significantly alter the distribution 
of all marine birds. Given our restricted sampling conditions, however, we could not report the 
full range of responses to weather conditions that is characteristic of the Beaufort Sea. 

Offshore Svecies Composition and Distribution 
We observed 19,924 birds among 28 taxa during Offshore surveys in 1999-2000 (Table 

27, Appendix 4). Long-tailed Ducks comprised the largest proportion of these birds (44%) 
followed by King Eiders (28%), Scoters (10%) Common Eiders (5%), and Glaucous Gulls (5%; 
Fig. 30). These five groups made up over 90% of the avifauna in the Offshore survey area. 
When combined with Pacific, Red-throated and Yellow-billed Loons, Spectacled Eiders and 
unidentified Somateria Eider species, these groups represented over 95% of all birds sighted. 
These "focal" taxa are discussed in this report, whereas Northern Pintail, Geese, Swans, 
Shearwaters (Puflnus spp.), Scaup, Red-breasted Mergansers, Shorebirds, Jaegers, Arctic Terns, 
Black Guillemots, and Auklets (Aethia spp.) were incidental sightings; thus inferences regarding 
their distribution and density are difficult and not reported here. 

Species composition varied among the 8 strata (2 depth classes across 4 west-east 
regions; Fig. 4), reflecting differences in distribution among depth and regional classes (Table 
28). For example, while Long-tailed Ducks represented the majority of birds overall, King 
Eiders comprised over 84% of the Central Deep-water straturn (Fig. 3 1). Similarly, while 
Common Eiders only represented 5% of all birds seen during the Offshore survey as a whole, 
they represented 33% of birds in the Industrial Deep-water stratum. 



Table 25. Results of ANCOVA models that explain variation of marine bird log density (In [density +I]) in 
offshore waters, Beaufort Sea, 1999-2000. Non-significant factors and covariates were removed following 
backward stepwise removal procedures. 

e i e s  Source of Variation d f F P-value d 
All Eiders Stratum 7 4.39 < 0.01 

Month 
Year 
Stra.atum*Month 
Error 

Common Eider Stratum 
Ln (wave ht +I) 
Stratum*Year 
Error 

King Eider Stratum 
Month 
Year 
Stratum*Month 
YearCMonth 
Emw 

Spectacled Eider 

Long-tailed Duck StrPtum 
Month 
Year 
Stratum*Month 
Stratum*Year 
Emw 

All Scoten  Stratum 
Year 
Stratum*Month 
Y&Month 
Emw 

Stratum 
Month 
Arc sine Yoice 

. Slratum*Month 
Emw 

All Loons Stratum 
Ln (wave ht +I) 
Wind speed 
Arc sine Yoice 
SbPtum*Year 
Emw 

Pacific Loon Month 
Wind speed 
Arc sine %ice 
Stratum*Month 
Stratum*Year 
Emw 

Red-throated Loon Year 
Ln (wave ht +I) 
Arc sine %ice 
Slratum*Month 
Sbatum*Year 
Y&Month 
Stratum*YearCMonth 
Emw 

Yellow-bllled Loon Stratum 
Month 
Wind speed 
Y&Month 
Stratum*Year*Month 
Error 



Table 26. Results of ANCOVA models that explain variation of marine bird log density (In [density +I]) in 
offshore waters, Beaufort Sea, 1999-2000. Non-significant factors and covariates were removed following 
backward stepwise removal procedures. 

Species Source of Variation d f F P-value R~ 
AH Elders Sbatum 7 4.39 < 0.01 

Month 
Year 
Sbatum*Month 
Emx 

Common Elder Sbatum 
Ln (wavc ht +I)  
Sbatum*Year 
Emx 

Mag EMer Sbatum 
Month 
Year 
Sbatum*Month 
Yea*Month 
Emx 

Spectreled Elder 

Long-tmlled Duck Sbatum 
Month 
Y e a  
Sbatum*Month 
Sbatum*Ye?r 
Emx 

All Saotem Sbatum 
Y e a  
Sbatum*Month 
YtPr+Month 
Emx 

Glrmcons Gull Sbatum 
Month 
Arc sine %ice 
Sbatum*Month 
Emx 

All Loons S t l a m  
Ln (wavc ht +I)  
Wind speed 
Arc sine %ice 
Sbatum*Year 
Error 

Month 
Wind speed 
Arc sine %ice 
StrPtum*Month 
Sbatum*Year 
E m  

Year 
Ln(wavc h t + l )  
Arc sine %ice 
Sbatum*Month 
Sbatum*Year 
Year*Month 
Sbatum*Year+Month 
Emw 

Yellow-billed Loon Sbatum 
Month 
Wind speed 
Y e a f  Month 
Sbatum*YcaPMonth 
Error 



Table 27. Bird species observed during six Offshore surveys, Beaufort Sea, Alaska, 1999-2000. 

Species 
Yellow-billed Loon 
Pacific Loon 
Red-throated hen 
Unidentified Loon spp. 
Sheanwater spp. 
Tundra Swan 
White-hted Goose 
snow Goose 
Canada Goose 
Black Brant 
Northem Pintail 

h u p  spP. 
Common Eider 
King Eider 
Spectac'M Eider 
Unidentified Eider spp. 
Black Scoier 
White-winged Scoter 
Surf Scoter 
Unidentified Scoter spp. 
Long-tailed Duck 
Red-breasted Merganser 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 
Arctic Tern 
Black Guillernot 

Species Code Total Count 
YBLO 
PAL0 
R m  
UNLO 
SHWA 
TUSW 
WFGO 
SNGO 
CAGO 
BLBR 
NOPl 
SCAU 
COEl 
KIEl 
SPEl 
UNEl 
BLSC 
WWSC 
susc 
UNSC 
LTDU 
RBME 
SHSP 
JAEG 
GLGU 
ARTE 
BLGU 

% of Total 
0.14 
1.42 
033 
0.0 1 
0.19 
0.11 
0.78 
0.13 
0.13 
0.43 
0.87 
0.77 
4.65 

27.57 
0.74 
1.67 
0.23 
1.02 
5.58 
2.72 

44.15 
0.13 
1.25 
0.26 
4.47 
0.26 
0.01 

Auklet spp. AUKL 3 0.02 
Total 1 9924 100.00 



Table 28. Number observed and percent composition of focal taxa among Offshore survey strata. 

Sbata 
1 2 3 4 5 6 7 8 

Harrison Bay Industrial Central Control Harrison Bay Industrial Central Control 
Dbep A A A ShalloW Shallow Shallow Shallow 

Species No. % No. % No. % No. % No. % No. YO No. % No. % 

YBW 
PAU) 
RTLO 
mL.0 
COEl 
KIEl 
SPEl 
UNEl 
An Scorn 
LTDU 
G r n  

Total 3891 1097 1135 215 4502 1190 3309 3528 

' See table 26 for species abbreviations 

Figure 30. Percent comjmition of focal taxa observed during Offshore surveys, 1999-2000. 



rn krrison Bay Shatlow 

Figure 3 1 .  Number of individuals per taxa seen in each strata. Eiders comprised the majority of sightings in 
deepwater strata, while Long-tailed Ducks dominated the shallow-water strata. PALO- Pacific Loon, RTLO- 
Red-throated Loon, YBLO- Yellow-billed Loon, COEI- Common Eider, KIEI- King Eider, SPEI- Spectacled 
Eider, SCOT- Scoter, LTDU- Long-tailed Duck, GLGU- Glaucous Gull. 



LONG-TAILED DUCK- The Long-tailed Duck was the most abundant marine 
bird observed on the Offshore survey, representing 44% of all birds recorded. While Long-tailed 
Ducks were seen in relatively large groups in near-shore areas (Table 1 I), flock size in offshore 
areas was smaller (Table 29). 

Densities of Long-tailed Ducks varied by Stratum (F7,441 = 24.184, P < 0.001). In 
general, densities were greater in shallow-water than in deep-water strata (Fig. 32); however, 
distribution among these strata varied through the summer (F14,441 = 4.728, P < 0.001; Fig. 33). 
That is, Long-tailed Ducks moved h m  deep-water strata in June to shallow-water strata in the 
July post-breeding molt period. By the end of August, ducks began to move back into offshore 
waters. Moreover, the Control Shallow-water stratum was used to a greater extent in 1999 than 
in 2000, whereas use of other strata was consistent between years (F7,441 = 2.807, P = 0.007; Fig. 
34). 

COMMON EIDER- Common Eiders were found in relatively small flocks in 
the Offshore survey compared to the Near-shore survey (Tables 29, 1 1). As with Long-tailed 
Ducks, Common Eider densities varied between strata ( F  7,457 = 9.41 5, P < 0.001 ; Fig. 35) but 
densities also varied among strata between years (F  7,457 = 3.727, P < 0.001; Fig. 36). In general, 
high densities were observed in shallow-water areas (Fig. 37) but density in the Control Shallow- 

water stratum was greater in 1999 than in 
Table 29. Flock size of marine birds detected in Offshore 2000, whereas density within other strata 
surveys, Beaufort Sea, Alaska, 1999-2000. was consistent between years. 

Additionally, we found that as Wave 

Species n Median Range Mean SE Height increased, density estimates of 
Common Eiders decreased (Fl ,457 = 

Scoter spp. 180 3 1-200 
Canmm Eidcr 144 2 1-120 

15.107, P < 0.001). Although Wave 
6.4 1 2  

GLUCOUS GUII 405 I 1-40 2.2 0.2 Height proved to be a significant 
King Eider 250 7 1450 
Long-tailed Duck 570 3 1-800 

22-0 2.6 covariate in the ANCOVA model, it 15.4 2.0 
Wific ~ m n  246 I 1-4 I .I 0.0 provided little additional explanation of 
Rcd-thmtbd Lmn 50 1 1 4  
Spectacled Eider 7 3 1-100 

O-I variation than the ANOVA model (Table 21.1 13.7 
yellow-billed ~ m n  22 I 1-3 1.2 0.1 24). 

KING EIDER- King 
Eiders were abundant in the Offshore survey. They were generally found in large flocks (Table 
29). King Eiders were concentrated differently among the 8 strata with significantly higher 
densities in the Deep-water Harrison Bay stratum (F 7,446 = 8.284, P < 0.00 1). Like other species, 
however, strata were used differently in each month (F  14,446= 4.757, P < 0.001; Fig. 38). For 
example, densities in the Deep-water Harrison Bay stratum were disproportionately high in July, 
a period when abundance of this species was elevated in all strata (F 2,446 = 18.576, P < 0.001; 
Fig. 39). Moreover, although densities were highest during July of both years of the study, the 
magnitude of the difference was significantly greater in 1999 than 2000 ( F  2,446 = 3.53 1, P = 
0.03; Fig. 40). 

SPECTACLED EIDER- Spectacled Eiders were uncommon in the Offshore 
survey. Sightings were limited to seven flocks in 1999-2000. When seen, however, they 
occurred in relatively large flocks (Table 29). Owing to the limited sightings of Spectacled 
Eiders, little variation in density was explained using general linear models ($=0.05). 
Regardless, the interaction term Stratum*Month*Replicate was marginally significant (F  14,458 = . 
1.673, P = 0.058; Fig. 41) indicating that density of this species among strata was dependent 



upon both Month and Year. Specifically, densities were highest in the Deep- and Shallow-water 
Harrison Bay strata in July 2000 and August 2000, respectively. 

SCOTERS- Scoters were seen in medium-sized flocks throughout the offshore 
study area. Average flock size was nearly identical in the offshore and near-shore study (Table 
29, 11). Similar to other taxa, Scoter density varied among strata ( F  7,448 = 8.595, P < 0.001), but 
distribution among these strata depended upon Month (F14,48 = 3.438, P < 0.001; Figs. 42,44). 
For example, Scoters were generally distributed within shallow-water strata through the summer, 
but densities increased between Prudhoe Bay and Harrison Bay in July and August. A 
significant Month*Year term (F2.448 = 7.962, P < 0.001) indicated that an apparent peak in 
densities during mid-summer was unique to 2000, whereas densities remained constant 
throughout the summer months in 1999 (Fig. 43). 

GLAUCOUS GULLS-- Glaucous Gulls were common in Shallow-water strata. 
There they were typically seen in singles, pairs, or small flocks (Table 29). Although Glaucous 
Gulls were occasionally seen in Deep-water strata, densities there were significantly lower than 
strata closer to shore (F7.48 = 9.2 13, P < 0.001; Fig. 45). While Glaucous Gull density was 
relatively constant between years (P > 0.05), distribution among strata showed a general 
westward shift in concentrations with progression of the season (F14,48 = 1.871, P = 0.027; Fig. 
46). Finally, Percent Ice Cover was negatively related to density estimates of Glaucous Gulls 
(Fl,M8 = 6.499, P = 0.01 1). That is, as ice cover increased, density decreased. While Percent Ice 
Cover was a significant covariate, it explained only 1% of the variation in density of this species 
(Table 26). 

PACIFIC LOON- Pacific Loons were ubiquitous throughout the offshore survey 
where they were seen in singles or pairs (Table 29). Analysis of distribution data indicated a 
significant seasonal shift (F14.47 = 3.077, P < 0.001) highlighted by a scarcity of Pacific Loons in 
the Industrial Shallow-water stratum between Oliktok Point and Prudhoe Bay during July 
surveys (Figs. 47,48). While Pacific Loon densities as a whole remained relatively stable 
between 1999-2000 (P > 0.05), a small-scale shift in distribution was noted between years (F7.47 
= 2.538, P = 0.014). Specifically, densities of Pacific Loons in the Control Shallow-water 
stratum were significantly lower in 2000 than in the preceding year (Fig. 49). Two covariates 
explained 5% of the variation in Pacific Loon density. Percent Ice Cover (F1,47 = 55.42, P < 
0.001) and Wind Speed (FI - 4 7  = 8.959, P = 0.003) were both negatively related to density. That 
is, Pacific Loon density increased when less ice was present and as winds decreased. 

RED-THROATED LOON- Similar to Pacific Loons, Red-throated Loons were 
seen as singles, pairs or in small groups (Table 29). Although Red-throated Loons occurred in 
all strata, overall densities were low. Densities within specific strata varied both by Month 
(F14.432 = 1.902, P = 0.024) and by Year (F7.432 = 3.098, P = 0.003). For example, densities were 
highest in the Deep-water strata during August surveys, whereas a greater proportion of Red- 
throated Loons were closer to shore in July (Figs. 50,s 1). Similarly, Red-throated Loons used 
the Control Shallow-water stratum to a far greater extent in 1999 than in 2000, whereas use of 
other strata was consistent between years (Fig. 52). Two covariates helped explain variance in 
Red-throated Loon densities. As with Pacific Loons, Red-throated Loons densities were lower in 
areas with greater ice cover (F1,432 = 22.81, P < 0.001). Moreover, as Wave Height increased, 
density estimates of Red-throated Loons decreased (Fl,432 = 7.687, P = 0.006). While these 
covariates were statistically significant, they only explained 1% of the variance. 



YELLOW-BILLED LOON- Yellow-billed Loons were the least common of the 
Loon species seen. They occurred in singles, pairs or small groups (Table 29). Densities were 
significantly higher in the Shallow-water stratum in Harrison Bay than elsewhere in the study 
area (F  7,446= 3.912, P < 0.001; Figs. 53,54). Yellow-billed densities were significantly higher 
in July than other months (F  2,446 = 3.408, P = 0.034); however this pattern was apparent in 1999 
only (F  = 5.762, P = 0.003, Fig. 55). Finally, Yellow-billed Loon densities tended to 
decrease as Wind Speed increased (Flsu = 6.268, P = 0.013) although this additional component 
added only 1% to the R~ value of the overall model. 

June 

July 

August 

A 3 1  - I 

Figure 32. Mean log density (iSE) of long-tailed Ducks 
among 8 strata during June, July, and August, 1999-2000. 
Strata: 1- Harrison Bay Deep, 2- Industrial Deep, 3- Central 
Deep, 4- Control Deep, 5- Harrison Bay Shallow, 6- Industrial 
Shallow, 7- Central Shallow, 8- Control Shallow. 
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Figure 33. Inter-seasonal distribution patterns of Long-tailed Ducks during Offshore surveys, Beaufort Sea, Alaska, 1999- 
2000. 
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Figure 34. Mean log density (* SE) of long-tailed Ducks 
among 8 strata, 1999-2000. Strata: 1- Harrison Bay Deep, 
2- Industrial Deep, 3- Central Deep, 4- Control Deep, 5- 
Harrison Bay Shallow, 6- Industrial Shallow, 7- Central 
Shallow, 8- Control Shallow. 



Strata 

Figure 35. Mean log density (*SE) of Common Eiders among 8 strata. Strata: 1- 
Harrison Bay Deep, 2- Industrid Deep, 3- Central Deep, 4- Control Deep, 5- 
Harrison Bay Shallow, 6- Industrial Shallow, 7- Central Shallow, 8- Control 
shallow. 
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Figure 36. Mean log density (*SE) of Common Eiders among 8 strata, 
1999-2000. Strata: 1- Harrison Bay Deep, 2- Industrial Deep, 3- Central 
Deep, 4- Control Deep, 5- Hamson Bay Shallow, 6- Industrial Shallow, 
7- Central Shallow, 8- Control Shallow. 
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Figure 37. Inter-seasonal distribution patterns of Common Eiders during Offshore surveys, Beaufort Sea, Alaska, 
1999-2000. 
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Figure 38. Inter-seasonal distribution patterns o f  King Elae Offshore surveys, Beaufort Sea, Alaska, 
1999-2000. 
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Figure 39. Mean log density (* SE) of King Eiders among 8 
strata during June, July, and August, 1999-2000. Strata: 1- 
Harrison Bay Deep, 2- Industrial Deep, 3- Central Deep, 4- 
Control Deep, 5- Harrison Bay Shallow, 6- Industrial Shallow, 7- 
Central Shallow, 8- Control Shallow. 
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Figure 40. Inter-seasonal differences in mean log 
density (*SE) of King Eiders in 1999 and 2000. 
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Figure 4 1. Inter-seasonal distribution patterns of Spectacled Eiders during Offshore surveys, Beaufort Sea, Alaska, 
1999-2000. 
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Figure 42. Mean log density (iSE) of Scoters among 8 
strata during June, July, and August, 1999-2000. Strata: 1 - 
Harrison Bay Deep, 2- Industrial Deep, 3- Central Deep, 4- 
Control Deep, 5- Harrison Bay Shallow, 6- Industrial 
Shallow, 7- Central Shallow, 8- Control Shallow. 

June July &gust 

June July &gust 

Figure 43. Inter-seasonal differences in mean log 
density ( i  SE) of Scoters in 1999 and 2000. 
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Figure $4. Inter-seasonal dishbution patterns of Scoters during Offshore surveys, Beaufort Sea, Alaska, 1999-2000. 
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Figure 45. Mean log density (* SE) of Glaucous Gulls among 8 strata during 
June, July, and August, 1999-2000. Strata: 1 - Harrison Bay Deep, 2- Industrial 
Deep, 3- Central Deep, 4- Control Deep, 5- Harrison Bay Shallow, 6- Industrial 
Shallow, 7- Central Shallow, 8- Control Shallow. 
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Pacific Loon 

Figure 47. Inter-seasonal distribution patterns of Pacific Loons during Offshore surveys, Beaufort Sea, Alaska, 
1999-2000. 
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Figure 48. Mean log density (*SE) of Pacific Loons among 8 strata 
during June, July, and August, 1999-2000. Strata: 1 - Harrison Bay Deep, 
2- Industrial Deep, 3- Central Deep, 4- Control Deep, 5- Harrison Bay 
Shallow. 6- Industrial Shallow. 7- Central Shallow. 8- Control Shallow. 
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Figure 49. Mean log density (* SE) of Pacific Loons among 8 strata, 1999- 
2000. Strata: 1- Harrison Bay Deep, 2- Industrial Deep, 3- Central Deep, 4- 
Control Deep, 5- Harrison Bay Shallow, 6 Industrial Shallow, 7- Central 
Shallow, 8- Control Shallow. 
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Figure 5 1. Mean log density (* SE) of Red-throated Loons among 8 strata 
during June, July, and August, 1999-2000. Strata: 1- Harrison Bay Deep, 2- 
Industrial Deep, 3- Central Deep, 4- Control Deep, 5- Harrison Bay Shallow, 
6- Industrial Shallow, 7- Central Shallow, 8- Control Shallow. 
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Figure 52. Mean log density (*SE) of Red-throated Loons among 8 strata, 1999- 
2000. Strata: 1 - Harrison Bay Deep, 2- Industrial Deep, 3- Central Deep, 4- 
Control Deep, 5- Harrison Bay Shallow, 6- lndustrial Shallow, 7- Central 
Shallow. 8- Control Shallow. 
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Figure 53. Mean log density (iSE) of Yellow-billed Loons among 8 strata. Strata: 1- 
Harrison Bay Deep, 2- Industrial Deep, 3- Central Deep, 4- Control Deep, 5- Harrison 
Bay Shallow, 6- Industrial Shallow, 7- Central Shallow, 8- Control Shallow. 
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Figure 54. Inter-seasod distribution patterns of Yellow-billed Loons during OffsLL : surveys, Beanfort Sea, 
Alaska, 1999-2000. 
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Figure 55. Inter-seasonal differences in mean log density (i SE) of 
Yellow-billed Loons in 1999 and 2000. 

Bias Due to Changes in Survey Altitude 
We compared Long-tailed Duck densities estimated fiom surveys at two altitudes to test 

for potential bias. We measured the effect of survey altitude in two ways. First we conducted a 
two-tailed t-test with Long-tailed Duck log density as the independent variable and Altitude (300 
ft vs. 150 ft) as a grouping variable. This test showed that difference in mean log density 
obtained fiom the two altitudes was insignificant (ts7, = -1.505, P = 0.133) suggesting that 
Altitude did not bias density estimates. Second, to further verify this result, we found that 
altitude did not contribute significantly to explanation of variance in Long-tailed Duck log C 

density estimates (F1,440 = 1.844, P = 0.175) when controlling for confounding variables. In 
other words, the effect of survey altitude on densitygbationwas insignificant given the --- 
variation that can be attributed to Stratum, Month, Year, Stratum*Month, and Year*Stratum. 



DISCUSSION 
Near-shore Survey 

Effects of Human Activities on Long-tailed Ducks 
We measured the effects of human activities on Long-tailed Ducks by comparing 

population trends between "Industrial" and "Control" areas, and by assessing the correlation 
between density and human activities. In neither case was there suficient evidence, based on 
models developed by Johnson and Gazey (1992), to suggest that change in density and 
distribution resulted fiom human activities. These results concur with those reported by Johnson 
and Gazey (1992). For example, both studies found that densities changed at similar rates 
between the "Industrial" and "Control" area, and that Long-tailed Duck density was not 
significantly related to the frequency of disturbances such as boats, low-altitude aircraft over- 
flights (<SO0 ft) or land-based human activities. 

While disturbance effects on marine birds were not detected in this study, previous 
research has shown otherwise. For example, Common Eiders nesting on barrier islands were 
sensitive to low-level aircraft (Schamel 1974). Similarly, Long-tailed Ducks in Beaufort Sea 
lagoons showed behavioral responses (Gollop et al. 1974) and changes in distribution (Johnson 
1982) resulting fiom human disturbances. Moreover, Johnson and Gazey (1992) reported a 
tendency for lower Long-tailed Duck densities on aerial transects with human activities, although 
this effect was not statistically significant. 

Given that other studies indicate that human disturbance may impact marine birds in 
central Beaufort Sea lagoons, we should scrutinize the negative results in this study. Trends in 
sea duck populations are difficult to detect because of inherent stochasticity in populations and 
high standard errors in aerial survey techniques (Goudie et al. 1994). Recognizing these 
limitations, Johnson and Gazey (1992) cautioned that the power to detect a disproportionate 
change in Long-tailed Duck density is low, even if an effect actually exists. In fact, they 
reported that 1 1-12 years of monitoring would be required to detect a 12% change in relative 
density of Long-tailed Ducks. 

A second reason why human impacts may be dificult to detect is long-term changes in 
habitat. Changes in availability of preferred habitat may influence shifts in Long-tailed Duck 
distribution. Configuration of lagoons between 1906 and 1972 suggest a net landward migration 
of barrier islands (Naidu et al. 1984). Moreover, some changes in barrier island structure can 
occur in relatively short periods of time. For example, a severe arctic storm hit the islands on 10 
August, 2000 influencing distribution of marine birds and altering the size of some barrier 
islands (Flint et al. 2000). 

Finally, human induced effects may not have been detected due to encroachment of 
human activities throughout the "Control" area. Thus, this area is not truly a scientific control 
because some limited development has occurred there. Seasonal camps in the "Control" area 
have served as a base for biological studies in the Maguire Islands since 1999 (Flint et al. 2000). 
A similar camp, however, was located in the "Industrial" area as well, thus these camps have not 
caused a disproportionate increase of human activity in the "Control" area during the study 
period. 

Correlation between human activities and bird density is dificult to detect even if strong 
effects exist, due to low power of the ANOVA and ANCOVA models (Johnson and Gazey 
1992). 

Detecting human disturbance effects on birds is difficult because density and distribution 
is influenced by many variables, such as weather, season and locality. Moreover, disturbance 
events in this study were not controlled in a rigid experimental design. Absence of a controlled 
experiment can complicate attempts to identi@ the cause of change. For example, in an 



investigation of disturbance effects on Long-tailed Ducks, Johnson (1982) found that 
movements coincided with an increase in human-induced disturbances. This period, however, 
occurred during a change in wind and wave patterns, making it difficult to isolate the causes of 
distribution change. 

For these reasons, an alternative to the current test of industry effects could be a 
controlled experiment of disturbance on distribution patterns. Experiments of this nature were 
initiated in 2000 (Flint et al. 2000) and expanded in 2001 using disturbed and multiple control 
study sites (Lanctot et al. 2001). 

Com~onents of Variation 
Many results fiom this study matched those reported by Johnson and Gazey (1 992) 

suggesting that the components of variation in density have not changed substantially since 1991. 
For example, both studies found no difference in Long-tailed Duck density between the 
"Industrial" and "Control" areas overall. Both studies, however, did find differences among 
habitats in specific areas. For instance, Mainland Coastline was important to Long-tailed Ducks 
in the "Control" area, but not in the "Industrial" area. This result reaffirms findings fiom 
previous studies (Bartels and Zellhoefer 1982, Johnson 1982) suggesting that Long-tailed Ducks 
are not randomly distributed throughout the Beaufort Sea lagoons. Further, both this study and 
Johnson and Gazey (1992) showed that densities varied among habitats between years. On a 
smaller scale, densities of ducks seen on transects within habitats varied in both studies. That is, 
there were specific transects with consistently high densities of Long-tailed Ducks. For example, 
transect 191, a mainland coastal habitat transect in the "Control" area, consistently had higher 
densities than other transects in the same habitat and area. Finally, both studies found that wave 
height was negatively correlated with densities. Thus, as wave height increased, densities 
decreased. This relationship may be due to Long-tailed Ducks seeking shelter during periods of 
heavy wave action; or alternatively, could be due to waves reducing the ability of observers to 
see birds on the water. Although Wave height was a significant variable, it explained little of the 
variation in density, as seen in the nearly identical R~ estimates generated by the ANOVA (0.74) 
and ANCOVA (0.75) models. 

Possible Long-term Decline in Long-tailed Ducks 
While results fiom this study concurred with nearly all terms and covariates reported by 

Johnson and Gazey (1 992), one important difference was a significant Year term, indicating that 
Long-tailed Duck density in both the Industrial and Control areas declined significantly between 
1990 and 2000. Johnson and Gazey (1992) noted an apparent downward trend in 1991, but the 
change was not significant at the alpha =.0.05 level. Although the downward trend after 1991 
was less pronounced than between 1990 and 1991, densities continued to decline in 1999 and 
2000. This trend resulted in a significant Year term in this study, presumably due to the 
expanded sampling period (four years) and relatively low intra-year variance. 

Concurrent with this downward trend in Long-tailed Duck density was an apparent shift 
in species composition within the near-shore study area. For example, Johnson and Gazey 
(1 992) reported that Long-tailed Ducks made up over 91%, on average, of the marine birds 
sighted in the study area during the years 1977-1 982,1984,1989-1 991. The percentage, 
however, began decreasing in 1984, when 97% of the birds detected were Long-tailed Ducks. 
By 1991, the percentage had dropped to 87% (Johnson and Gazey 1992). Additional surveys in 
1999 conducted by LGL Ltd. showed this percentage had dropped firrther to 84.5% (Noel et al. 
2000). In this study we found slightly lower proportions of Long-tailed Ducks (1999- 80%, 
2000- 79%). While the statistical and biological significance of these numbers has not been 



assessed, this downward trend may be important in light of decreased densities of Long-tailed 
Ducks in lagoons and Alaskan coastal plain breeding population estimates (MaHek 2001). 

Several alternatives may explain the reduction of density estimates in central Beaufort 
Sea lagoons. First, populations of Long-tailed Ducks on the Alaskan Arctic Coastal Plain have 
been monitored annually since 1986 (Brackney and King 1993,1994,1995,1996; King and 
Brackney 1997; Mallek and King 2000; Mallek 2001) and are showing signs of a long-tem 
downward trend. Population estimates in 2000 were the lowest in the 15-year history of the 
survey (Mallek 2001), and were significantly lower than the preceding 14-year mean. The 
central Beaufort Sea lagoons likely support many molting birds that breed locally (Johnson and 
Richardson 1982). Decreased density in Beaufort Sea lagoons, therefore, may reflect a general 
downward trend of this species along the Alaskan Arctic Coastal Plain. Second, decreased 
density estimates of molting Long-tailed Ducks could be due to reduced numbers of a non-local 
breeding population that molts in Beaufort Sea lagoons. Sea duck breeding sites may be 
hundreds or even thousands of kilometers fiom molting areas (Salomonsen 1968). For example, 
many Canadian breeding Long-tailed Ducks presumably join Alaskan birds to molt in the 
Central Beaufort Sea lagoons (Salter et al. 1980, Johnson and Herter 1989). Third, Long-tailed 
Ducks that historically used central Beaufort Sea lagoons may have shifted their molting grounds 
out of the study area altogether. Fourth, the reduction of birds seen in lagoons may be related to 
breeding propensity rather than a decrease in population size. For example, in years with poor 
reproductive success, failed breeding females may have molted in July and August in 
conjunction with males rather than in September after raising broods. In this circumstance, 
density estimates in lagoons would be elevated due to a larger proportion of birds molting during 
the survey period. If this alternative were true it would indicate an increase in breeding 
propensity between 1990 and 2000. Fifth, observed decreases of Long-tailed Duck density may 
reflect a shift in diurnal patterns of lagoon use. For example, if birds required more time feeding 
in recent years relative to 1990 (resulting fiom disturbance, viruses, decrease in available prey, 
etc.), then birds would have spent more time in the mid-lagoon where Long-tailed Ducks 
generally feed. This situation would result in lower density estimates because Long- tailed 
Ducks dive for their food where they cannot be seen by survey crews, and because they would be 
spread out throughout the mid-lagoon rather than concentrated along the barrier island transect 
where they generally roost. 

The difficulty in separating these various alternatives highlights the importance of 
identifying the breeding locations of Long-tailed Ducks that molt in the central Beaufort Sea 
lagoons. Plans are in place to put satellite radios on molting Long-tailed Ducks in 2002 to help 
answer this question. Additionally, it is important to gain a better understanding of the effects of 
breeding propensity on summer molting populations, and detect long-term shifts in activity 
budgets. 

Distribution Patterns in the Near-shore Survey 
Long-tailed Ducks densities were high in Barrier Island habitat relative to other habitats 

in the study area. The elevated density in this habitat, however, is likely influenced by the study 
design and diurnal patterns of marine birds. For example, given the objective to monitor trends 
in density between years, the study protocol specifies the importance of conducting surveys as 
!ate in the day as possible in order to control for diurnal movement patterns (Johnson and Gazey 
1992). Long-tailed Ducks have been shown to congregate in the lee of barrier islands in evening 
(Johnson 1982, Flint and Lanctot, pers obs.) whereas they feed primarily on invertebrates in mid- 
lagoon habitat during midday (Johnson 1982, Craig et al. 1984). Thus, high densities of long- 



tailed Ducks detected in Barrier Island transects is likely a result of time of day rather than 
habitat preference. 

While differences occurred between habitats as a whole, density also varied among 
Habitat-Area strata. These differences, may be related to the varying protection each Habitat- 
Area stratum affords. For example, Long-tailed Duck density in Mainland Coastline habitat was 
highest in the "Control" area. This difference may be partly due to differences in habitat 
between the "Industrial" and "Control" areas (Johnson and Gazey 1992). Alternatively, 
differences among Habitat-Area strata may be due to food availability. Marine birds in central 
Beaufort Sea lagoons commonly utilize mysids and amphipods (Griffiths and Dillinger 1980). 
Abundance of these invertebrates, however, can vary considerably between years (Grifiths and 
Dillinger 1980). Fluctuations of these food sources may govern strategies birds use to distriiute 
themselves within the lagoons. 

Like Long-tailed Ducks, Common Eider concentrations were highest in Barrier Island 
habitat. This result is not suprising, because barrier islands are preferred nesting habitat for 
Common Eiders on the North Slope (Johnson 2000). Densities of this species were higher in the 
"Control" vs. "Industrial" areas, closely paralleling results h m  recent aerial surveys conducted 
by Noel et al. (2000). This distribution pattern is noteworthy given that the number of nests 
built, and nesting success parameters were essentially equal in the "Industrial" and "Control" 
areas (Flint et al. 2000). One explanation of this pattern is that a greater proportion of non- 
breeding Common Eiders use lagoons east of Prudhoe Bay, thereby increasing overall density 
estimates in the "Control" area. 

Unlike Common Eiders, Scoters are not known to breed on the Alaskan Coastal Plain 
(Johnson and Herter 1989). Scoters do, however, migrate to Alaskan Beaufort Sea lagoons to 
molt. There we found that Scoters (predominantly Surf Scoters) were present consistently in 
Mid-lagoon habitat between Oliktok Point and Egg Island in the "Industrial" area. This finding, 
a s  well, was consistent with those reported by Noel et al. (2000). The afEnity of Scoters to this 
particular stratum is striking, especially given that no other species discussed in this report used 
that area extensively. It is not clear why this area is favored, but bivalve mollusks are common 
to the diets of the three species of scoters (Savard et al. 1998, Brown and Fredrickson 1997, 
Bordage and Savard 1995) and may influence the unique distribution of these species. 

In contrast to the sea ducks, loons were distributed throughout all near-shore habitats. 
Unlike sea ducks, Loons do not use Beaufort lagoons as molting sites. Rather, near-shore waters 
serve as important feeding locations during the critical chick-rearing period (Andres 1993). 
Loons that were observed in lagoons, therefore, were likely foraging for fish to deliver to chicks 
at inland sites. Our results matched those reported by Noel et al. (2000) who found that densities 
of Pacific and Red-throated Loons were not significantly different between habitats. Yellow- 
billed Loon density, however, was slightly higher along barrier islands than in other habitats. 
These differences in distribution patterns may reflect varying prey preferences of these three 
Loon species. 

Other species varied widely in their use of near-shore waters. For example, Glaucous 
Gulls were ubiquitous along the Mainland Coastline and Barrier Islands. In these habitats, 
Glaucous Gulls were generally roosting on the water's edge. Interestingly, Near-shore Marine 
habitat was used to a relatively high extent in the "Control" area. In contrast, Glaucous Gulls 
were conspicuously absent fiom Mid-lagoon habitat throughout the study area. Shorebirds too, 
shared the barrier islands and mainland coastline. Shorebird sighting5 were variable, but when 

' 

detected, these birds were generally found in relatively large flocks along mudflats. Rarely were 
Shorebirds seen in Mid-lagoon habitat. Similarly, Northern Pintails, and Geese and Swans also 



avoided mid-lagoon habitat. Instead, both groups used the mainland shoreline almost 
exclusively. There they were seen feeding and flying over the narrow strip of coastal salt marsh. 

Offshore Survey 
Com-pnents of Variation in Marine Bird Offshore Distribution 
A lower proportion of variation in long-tailed Duck density was explained by ANOVA 

and ANCOVA models in the Offshore surveys than in the Near-shore. This is likely due to 
intrinsic differences between the two surveys. For example, near-shore transects were selected 
in areas where birds occur in consistently high densities (Johnson and Gazey 1992), whereas 
offshore transects were systematically placed across a large study area. Moreover, the Offshore 
survey attempted to sample waters during three distinct phases of the summer, whereas the Near- 
shore survey concentrated on a six-week molt period when relatively stable populations of birds 
were present. Additionally, fewer replicates were conducted in the Offshore survey relative to 
the Near-shore survey. The differences in design of these surveys is due to the objectives that 
directed their implementation. For instance, the Near-shore survey was originally designed to 
measure human activity effects on densities of long-tailed Ducks along index transects whereas 
the Offshore survey intended to monitor eider distribution through summer in offshore waters, an 
area with little prior information. 

Distribution of marine birds as a whole cannot be broadly generalized. Densities varied 
by species and by when and where we looked. One example of this regional and temporal 
variability was seen in distribution patterns of long-tailed Ducks. long-tailed Ducks moved 
h m  deep offshore waters into protected near-shore waters at the onset of post-breeding molt in 
both years of the study. Movement of long-tailed Ducks into near-shore waters during the 
molting period has been documented by others (Bartels et al. 1983, Bartels and Doyle 1984, 
Harrison 1977), and is likely due to the importance of near-shore lagoons affording protection 
h m  poor weather, and proximity to abundant prey (Johnson 1982). These characteristics can be 
critical to molting birds when nutritional requirements and susceptibility to predation are high 
(Hohman et al. 1992). 

Another factor that explained some variation in distribution was the presence of ice. In 
particular, densities of Pacific and Red-throated Loons, and Glaucous Gulls decreased as ice 
cover increased. In contrast, densities of other species did not vary significantly with changes in 
ice cover. Other researchers found that presence of ice was not helpful in explaining variability 
in marine bird offshore distribution (Divoky 1979). Presumably, other components of variation 
in this study were more important to distribution patterns, thus the effect of ice was not detected. 
In this study, summer ice conditions varied between years, thus consistent patterns were difficult 
to detect. 

Offshore Migration Corridor 
While densities of most marine birds were generally higher in neacshore areas, offshore 

waters may provide an important migration comdor for eiders. In this study, densities of King 
Eiders were greatest offshore during the July surveys, coinciding with the peak of post-breeding 
molt migration (Johnson and Herter 1989). Johnson and Richardson (I 982) using a combination 
of aerial surveys, ground observations, and radar found that eiders may bypass the south-central 
portion of the Beaufort Sea by migrating westward, north of the barrier islands. Similarly, 
Peterson et al. (1 999) found that post-breeding Spectacled Eiders migrated west, seaward of the 
Beaufort Sea barrier islands. Finally, an aerial survey of the Canadian Beaufort Sea showed 
eiders used waters as far as 1 15 km fiom shore in July (Searing et al. 1975). 



long-tailed Ducks, too, may migrate fiom their breeding sites to molt locations using 
offshore waters. Johnson and Richardson (1 982) reported that coastal observations of migrating 
long-tailed Ducks in the Yukon were too low to account for the numbers of birds that entered 
Alaskan Beaufort Sea lagoons. Thus, they suggested that the many birds were migrating over 
deep waters, out of sight fiom land. Similarly, Harrison (1 977) found long-tailed Ducks 
scattered throughout Beaufort Sea offshore waters up to 160 krn fiom shore. In this study we 
found that long-tailed Duck densities increased in offshore strata by late August. Presumably 
these birds had completed post-breeding molt and were en route to wintering areas. This 
assessment, however, is speculative given the "snapshot" nature of these surveys. This 
highlights the need for a migration study designed specifically to detect routes, turnover rates 
and timing of marine birds in the Central Beaufort Sea. 

Important Areas 
The Near-shore and Offshore surveys revealed four locations in the Central Beaufort Sea 

important to marine birds. Harrison Bay is one area that showed relatively high densities for 
Scoters, King and Spectacled Eiders, and Yellow-billed and Red-throated Loons. Relatively 
high densities of Yellow-billed Loons and Spectacled Eiders seen in Harrison Bay may be 
related to the nesting distribution of these species. In general, these species nest closer to 
Harrison Bay than other areas in the Offshore survey area (Lamed et al. 2001). Previous studies 
noted the importance of Harrison Bay for marine birds. For example, Hanison (1 977) conducted 
offshore aerial surveys and found high densities of eiders in offshore waters within Harrison Bay 
in August. Moreover, Petersen et al. (1 999) documented post-breeding Spectacled Eider 
concentrations in Harrison Bay. Similarly, Divoky (1984) noted that Loons were more common 
in the near-shore waters of Hanison Bay than in similar habitat to the east. Further, Andres 
(1993) showed that this area provided important feeding grounds for Loons. From his study site 
in the Colville River Delta, he noted regular foraging flights of Red-throated and Pacific Loons 
to Harrison Bay. From there they returned to nest sites bearing fish to deliver to chicks at inland 
nesting sites. 

In contrast, our results indicate Harrison Bay had low densities of long-tailed Ducks and 
Common Eiders. By chance, survey transects in Harrison Bay did not intersect Thetis Island, the 
single barrier island in Harrison Bay that has high concentrations of long-tailed Ducks and 
Common Eiders (Johnson 1984, Scharnel 1974, Johnson 2000). Thus, our density estimates of 
these two species are probably low in the Harrison Bay Shallow-water stratum. 

Barrier Islands also had high marine bird densities, presumably because they provide 
important habitat for many species. These results agree with previous studies that have shown 
the affinity of long-tailed Ducks and other marine birds to barrier island habitat (Johnson 1982, 
1984; Johnson and Gazey 1992). The benefit this habitat provides includes protection from wind 
and rough water, and close proximity to abundant prey (Johnson 1982). 

On a fine scale, several locations within the Beaufort lagoons stand out as particularly 
important. The Barrier Island habitat adjacent to the Stockton Islands had consistently high 
densities of long-tailed Ducks and Common Eiders. Similarly, the Mainland Coastline between 
Bullen Point and Point Thomson had surprisingly high densities of long-tailed Ducks. Finally 
Scoters showed a strong affinity to Mid-lagoon habitat throughout most of Sirnpson Lagoon. 
Similar patterns were reported in these three areas by Noel et al. (2000) who conducted 
comparable aerial surveys in 1999. 

These four locations (Harrison Bay, Stockton Islands, Control Mainland Coastline, and 
Sirnpson Mid-lagoon) appear to have consistently high concentrations of select marine birds. 
Accordingly, care should be taken to minimize impacts of human activities in these areas. 



Recommendations For Future Monitoring Efforts 
Continuation of the current protocol in subsequent years will help detect relative change 

in long-tailed Duck densities between the "Control" and "Industrial" areas if differences truly 
exist. Although data on long-tailed Duck density were collected between 1977 and 1984 within 
the general study area, they were not collected using a comparable protocol (Johnson and Gazey 
1992) and thus cannot be used for this analysis. For example, sampling prior to 1990 did not 
occur in four transects within each Habitat-Area stratum. Such a design is required by the 
analysis protocol to test for industry effects. Johnson and Gazey (1992) recommended that 
industrial effects be assessed using data collected in 1990-1991 as a baseline. Comparing these 
results to those collected in 1999 and 2000 provided the first opportunity for detecting a relative 
change in density. Given the low statistical power of these tests (Johnson and Gazey 1992), 
however, additional data should be collected. 

A long-term data set, will be beneficial only if the conditions within the study area 
remain constant. For example, to attribute changes in density to industrialization requires that a 
disproportionate level of human disturbance occur in the "Industrial" area. As mentioned earlier, 
the "Control" area is not a true control in that it has become exposed to human activities since 
1990. In the course of this study the bbIndustrial" transects were exposed to 2.5 times the level of 
potential disturbances as were transects in the "Control" area. If human encroachment into the 
"Control" area increases appreciably in future years, then alternative ways to assess disturbance 
effects should be sought. 

One alternative is to examine immediate effects of disturbance of known extent and 
duration on behavior and distribution of long-tailed Ducks in a controlled experiment. An 
opportunity to measure disturbance effects in a relatively controlled setting will occur in August 
2001 when Western Geco conducts 3D seismic tests near Spy and Leavitt Islands. The Alaska 
Science Center will monitor local movements of long-tailed Ducks in response to seismic tests 
using radio-equipped birds and remote data collection computers (Lanctot et al. 2001). 

The current Near-shore study design may be an effective way to monitor trends of long- 
tailed Duck density among specific areas, but it does not provide unbiased estimates of 
abundance or habitat preference. For example, Mid-lagoon habitat is under-represented in the 
current design (Noel et al. 2000), preventing reliable expansion of density estimates throughout 
this habitat. Moreover, the northern edge of barrier islands is not sampled at all in the current 
protocol. In addition, Near-shore survey results should not be misconstrued as demonstrating 
habitat preference because timing and locations of sampling were not random. 

If abundance estimates and a better understanding of habitat preference are deemed 
important and necessary for multiple species using the Beaufort Sea, then a randomized sampling 
design may be better suited than the current approach. Purely random transects, however, are 
neither safe, logistically feasible, nor economical using an aerial platform. A better alternative 
may be a stratified systematic survey with random starting points. With this approach, habitats 
would be sampled in proportion to their size regardless of predetermined concentrations of 
marine birds. This would provide researchers an unbiased estimate of population size. 

Ideally, aerial survey protocols should standardize observers, conditions, survey platform, 
and altitude. Standardization, however, is difficult due to uncontrolled weather, geography, and 
logistics. For those reasons our aerial surveys were imperfect. While it is accepted that aerial 
surveys, like any sampling method, include problems of bias and precision, the aerial platform 
does provide an acceptable level of sampling for many management questions (Caughley 1977). 
Certainly it is important to minimize potential sources of bias. In this study, the use of two types 
of aircraft in the Near-shore survey, and variable altitude during the Offshore survey may have 



increased variation. As discussed in the results section, however, these potential sources of 
bias are unimportant relative to other components of variation. Regardless, to obtain the best 
estimates of marine bird densities, special effort should be exercised to standardize data 
collection. 

Towards that end, USFWS-Migratory Bud Management, USFWS- Regional Aviation 
Management, and the Office of Aircraft Services developed safe standardized operating 
procedures for Offshore aerial surveys in March 2001. In general, this agreement approved the 
continued use of twin-engine aircraft at an altitude of 45 m and speed of 180 h\hr for future 
Offshore survey efforts. The standard operating procedure increased the margin of safety for 
survey crews by implementing guidelines including specialized tests for contract pilots prior to 
surveys, use of primary and secondary pilots, and use of turbine engine aircraft. The continued 
use of a twin-engine platform at 45 m and 180 km\hr will enable future survey efforts to produce 
comparable data to those collected in this study. 

SUMMARY AND CONCLUSIONS 
Hundreds of thousands of marine birds use the Beaufort Sea each year. Previous studies 

have shown that the south-central Beaufort Sea satisfies important functions for marine birds, 
including feeding and molting habitat, and a migratory pathway. Concerned that these functions 
may be compromised by progression of oil and gas development into the near-shore waters of 
the Beaufort Sea, MMS and USGS-BRD signed an Intra-agency Agreement to assess impacts of 
human activities on distribution and density of Long-tailed Ducks in Beaufort Sea lagoons. To 
accomplish this, USGS-BRD subcontracted the USFWS, Waterfowl Branch of Migratory Bud 
Management, to conduct Near-shore aerial surveys in 1999 and 2000 using existing MMS 
protocol (OCS- MMS 92-0060), and to compare these results with historical data in "industrial" 
and "control" areas. We used these data to compare relative densities between "industrial" and 
"control" areas and to describe the relationship between bird density and human activities. 

In addition to monitoring "industrial" and "control" areas, we surveyed near-shore waters 
between these sites. Accordingly, we mapped distribution patterns of Long-tailed Ducks and 
other marine birds in an expanded near-shore area among 4 habitats fiom Oliktok Point to 
Brownlow Point. 

Although Long-tailed Ducks are abundant in the Beaufort Sea, Spectacled, King and 
Common Eiders also comprise an important proportion of marine avifauna in the region. A poor 
understanding of Eider distribution in the south-central Beaufort Sea prompted us to conduct an 
Offshore survey in 1999 and 2000. This survey supplemented the existing protocol to sample 
near- and off-shore waters for Eiders between Cape Halkett and Brownlow Point up to 60 km 
offshore. 

The specific objectives of this study were to: 
1. Monitor Long-tailed Ducks and other species within and among "industrial" and 

"control" areas using existing protocol (OCS-MMS 92-0060). 
2. Use data fiom 1999-2000 and data collected by Johnson and Gazey (1992) in 1990-1991 

to compare Long-tailed Duck population trends between "industrial" and "control" areas, 
and to describe the relationship between distribution patterns and human activities. 

3. Expand the Near-shore survey area to encompass habitats between the original 
"industrial" and "control" areas, and sample Near-shore Marine habitat h m  Oliktok 
Point to Brownlow Point to delineate small-scale distribution patterns of marine birds 
throughout the expanded study area. 

4. Correlate variation in marine bud populations with environmental factors, human 
activities, and temporal and spatial variables. 



5.  Implement an Offshore survey that targets Spectacled (Somateria fucheri), Common 
(S. mollisima) and King Eiders (S. spectabilis). 

6. Document distribution patterns of marine birds within the Offshore survey area. 

Using the analysis procedures outlined by Johnson and Gazey (1992), we detected a 
region-wide decrease in Long-tailed Duck density within the study area between 1990-2000. 
This finding substantiated concerns expressed by Johnson and Gazey (1992) who detected a non- 
significant downward trend in Long-tailed Duck densities between 1989- 199 1. While densities 
region-wide decreased, we did not find a disproportionate decline in the "industrial" area 
Similarly, survey data suggested that local disturbance events, such as boat traffic, low-level 
aircraft, and land-based human activities did not alter the distribution patterns of Long-tailed 
Ducks. 

These tests may have failed to detect human effects on bird densities even if they do 
indeed occur. Reasons for low power of these tests include inherent stochasticity in sea duck 
populations, high standard errors associated with aerial survey techniques, localized short- and 
long-term changes in barrier island habitat, intrusion of human activities into the "Control" area, 
and unidentified components of variation. 

The expanded Near-shore survey indicated that Long-tailed Ducks were the most 
abundant species in the near-shore environment. Within this area, Long-tailed Ducks densities 
were highest in Barrier Island habitat, particularly among the Stockton Islands. The survey 
protocol, however, was designed to test hypotheses of disturbance effects, not to test habitat 
preferences. Thus, although Long-tailed Ducks were seen in the highest densities in Barrier 
Island habitat, this finding should not diminish the importance of Mid-lagoon habitat where 
Long-tailed Ducks feed in midday. Thus, distribution patterns reported here must take into 
account the location of transect lines and when surveys were conducted. 

In the Offshore survey, patterns of marine bird distribution were more variable than in the 
Near-shore survey. The greater variability in the Offshore survey can be attributed to a larger 
and more varied study area, a broader sampling period (early, mid, and late summer) and fewer 
replicates. Nonetheless, general patterns of marine bird distribution were documented. For 
example, Common Eider densities were highest in shallow-water areas throughout the study 
area, whereas King Eiders were generally found in large flocks in the deep waters of Harrison 
Bay. Similarly, Spectacled Eiders were seen in large flocks in Harrison Bay. Unlike King 
Eiders, however, Spectacled Eiders were uncommon. Offshore survey data also indicated that 
Common Eider densities remained relatively stable through summer, while King and Spectacled 
Eider densities peaked in July. The timing and location of King and Spectacled Eider 
concentrations supports the idea that offshore waters provide a migration corridor for post- 
breeding Eiders. However, given the Offshore survey is limited to two years of data, it is 
difficult to predict timing or routes of migrating birds. 

The Near-shore and Offshore surveys indicated several areas that appear to be important 
to marine birds. Harrison Bay, particularly the deep-water strata, supported the highest 
concentrations of King and Spectacled Eiders. Moreover, this region was relatively important 
for Sco ta ,  and Red-throated and Yellow-billed Loons. Barrier Island habitat, too, had the 
highest concentrations of Long-tailed Ducks and Common Eiders. In particular, Barrier Island 
Habitat among the Stockton Islands had consistently high densities of these species. Although 
Mainland Shoreline habitat typically had lower densities than Barrier Island habitat, the shoreline 
between Bullen Point and Point Thomson supported high densities of Long-tailed Ducks relative 
to other areas in this habitat. Finally, Scoters showed a strong affinity to Mid-lagoon habitat in 
western Simpson Lagoon. 



The Near-shore survey protocol provides a means to monitor trends in molting Long- 
tailed Duck densities among specific areas and can establish relationships between distribution 
patterns and human activities; however, this approach is limited. For example, the protocol 
cannot be used to measure population abundance or habitat preference and is inappropriate to 
apply to other marine bird species in the near-shore environment. 

One alternative that may provide a better assessment of the effects of human activity on 
marine birds is to measure behavioral responses to disturbances of known size and duration. 
Direct observations could document immediate changes in distribution within a controlled 
setting. Additionally, this approach may help identifj. what specific activities have measurable 
effects on birds and predict the duration of these responses. An opportunity to measure 
disturbance effects in a relatively controlled setting occurred in August 2001 when Westem 
Geco conducted 3D seismic tests near Spy and Leavitt Islands. 

If multi-species abundance and habitat preference information is of interest, then 
monitoring efforts should use a sampling design that includes systematic transects with random 
starting points. This approach would provide an unbiased sample marine bird density in the 
study area of interest. 

As oil and gas development shift fiom on-shore to offshore sites, potential for oil spills in 
marine waters will increase. Modeling efforts that predict the impact of oil spills on marine birds 
are dependent upon an understanding of distribution patterns of these species. These models can 
be important tools that minimize risk to wildlife by guiding development plans and prepare for 
cleanup in the event of an actual spill. 
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APPENDICES 





Appendix 1 b. Total Common Eiders counted per transect during 12 near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

1 999 2000 
Area Transect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Sep 8-Sep 21-Jul IAug 7-Aug 15-Aug 24-Aug 31% 
industrial 

101 0 5 8 0 0 0 32 8 1 0 0 0 
102 0 0 0 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 30 0 0 I5 
22 0 14 0 1 1 30 5 0 5 0 0 0 
20 1 I 0 2 0 0 2 0 9 2 1 5 9 
202 3 0 8 16 I5 0 0 0 5 0 0 16 
3 1 29 0 0 8 0 1 0 1 2 6 0 0 
23 1 2 0 0 20 0 3 0 3 0 0 9 
30 1 0 0 0 0 0 0 0 0 0 0 0 0 
302 0 0 0 0 0 0 0 0 0 0 0 0 
32 2 0 5 0 0 0 0 0 0 4 0 0 
24 0 0 0 8 0 0 0 0 0 0 0 0 

401 0 0 0 0 0 0 0 0 0 0 0 0 
402 0 0 0 0 0 0 0 0 0 0 0 0 
33 0 0 0 0 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 0 0 0 

Central 
904 0 0 0 0 0 0 0 34 0 0 0 0 
905 0 1 0 0 0 0 0 0 0 0 0 0 
906 0 1 0 0 0 0 0 0 0 0 0 0 
907 58 44 40 0 70 0 13 1 62 4 3 1 1  
908 16 17 10 82 101 41 0 5 0 3 3 0 
909 9 95 0 137 282 373 47 14 45 12 69 0 
910 0 0 2 0 0 0 0 2 12 0 0 0 
91 1 0 0 0 0 0 0 0 0 0 1 0 0 
912 2 37 5 0 0 98 0 0 0 0 0 0 
91 3 0 1 4 0 0 0 2 0 0 0 0 0 
914 0 1 0 0 0 0 3 I5 0 0 0 25 
915 10 0 0 0 0 0 12 0 0 0 0 5 

Control 
63 0 0 0 0 0 0 0 0 0 0 0 0 
62 0 7 0 0 0 0 0 0 0 0 12 0 
61 0 112 0 0 0 0 0 80 6 0 0 0 
60 0 100 0 0 0 0 0 25 4 0 0 4 
133 72 82 374 877 388 578 52 38 106 116 21 30 
134 170 38 14 130 110 9 4 2 52 37 4 26 
135 31 33 8 42 49 23 2 16 13 1 43 13 
136 1 8 0 10 12 6 0 I I 2 0 3 0 
183 0 45 10 6 0 0 20 0 0 0 0 0 
182 0 6 20 0 0 1 0 0 28 6 0 18 
181 0 0 0 12 0 1 1  0 0 0 0 0 0 
180 3 2 0 0 0 0 0 0 0 0 0 0 
193 20 0 0 0 30 0 1 6 0 0 8 0 
192 8 0 0 0 0 0 4 4 43 0 0 9 
191 13 6 0 0 10 0 0 1 9 0 3 20 
190 3 10 0 1 I 0 0 0 14 0 4 1 

Total 452 667 510 1330 1089 1173 200 272 444 191 178 211 



Appendix lc. Total King Eider counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 1999- 

1 999 2000 

Area Transect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Scp 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 2dAug 31-Aug 
Industrial 

101 
102 
30 
22 
20 1 
202 
31 
23 
301 
302 
32 
24 

401 
402 
33 
25 

CentrPl 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

Cmkol 
63 
62 
61 
60 
133 
134 
135 
136 
183 
182 
181 
180 
193 
192 
191 
190 

Total 



Appendix Id. Total Scoters counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 1999-2000. 

1 999 2000 
h Transect 22-Jul 30-Jul I I-Aug 26Aug 2-3-Scp 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aua 

industrial 
101 3 0 0 0 0 0 0 0 0 0 0 1 
1 02 0 0 0 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 27 0 0 25 0 0 

201 1 1  0 0 5 0 1 0 0 0 0 18 4 
202 0 0 0 0 0 0 I5 0 0 0 3 4 
3 1 0 0 0 0 0 0 0 0 0 0 180 0 
23 0 0 0 0 0 0 0 0 0 0 0 0 

301 43 230 0 0 0 0 30 0 45 28 9 9 

302 25 40 0 30 1 0 0 1 4 20 2 50 

32 23 40 0 24 0 2 0 35 0 21 33 5 1 
24 0 0 0 30 0 0 0 0 0 0 0 3 
401 0 0 0 0 0 0 0 0 0 0 1 0 
402 0 0 0 0 0 0 0 0 0 0 0 0 
33 0 0 0 0 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 0 0 0 

Central 
904 0 0 0 0 0 0 0 0 0 0 0 2 
905 0 0 0 0 0 0 0 0 0 0 0 0 
906 0 0 0 0 0 45 . 0 2 0 0 5 10 
907 0 0 100 0 0 0 0 0 0 0 0 0 
908 0 0 0 0 0 0 0 0 0 0 10 0 
909 0 0 0 2 0 0 0 0 0 0 0 0 
910 0 1 0 0 0 0 0 0 0 2 0 0 
91 1 0 0 0 0 0 0 0 0 8 0 0 1 
912 0 0 0 0 0 0 0 0 1 0 0 0 
913 0 0 0 0 0 2 0 0 0 0 0 0 
914 0 0 0 0 0 0 0 0 0 0 0 0 
915 0 0 0 0 0 0 0 0 0 0 0 0 

Control 
63 0 0 0 0 0 0 0 0 0 0 0 0 
62 0 0 0 0 0 0 0 2 0 0 0 0 
6 1 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
133 0 0 0 0 0 0 0 0 0 0 0 0 
1 34 0 0 0 0 0 0 0 0 0 0 0 0 
135 0 0 5 75 0 55 0 0 0 0 0 0 
136 26 0 0 0 0 0 0 0 0 0 0 2 
183 0 0 0 0 0 0 0 0 0 0 0 0 
182 8 0 0 0 10 0 0 0 0 0 0 0 
181 2 0 0 0 0 0 0 0 3 0 0 0 
1 80 0 0 0 0 0 0 0 0 0 0 0 0 
193 3 0 0 0 0 0 0 0 0 0 0 0 
192 0 0 0 I 0 0 0 0 0 0 0 0 
191 0 0 0 0 0 0 0 0 0 0 0 4 
190 6 0 0 0 0 0 0 0 0 0 0 0 
Total 150 311 105 167 1 1  60 117 40 86 % 261 141 



Appendix 1 e. Total Glaucous Gulls counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

1 999 2000 
Area Transat 22Jul 30-Jul Il-Aug 26-Aug 2-3Sep 8- 21-Jul 1-Aug 7-Aug 15-Aug 24-Aug 31-Aug 
industrial 

101 1 3 20 1 82 0 0 0 0 0 0 10 
102 2 1 0 1 0 0 0 0 0 0 0 3 
30 0 0 0 1 1 0 1 0 1 1 0 0 
22 0 1 0 0 0 0 1 2 0 0 1 3 
201 36 68 94 38 14 29 2 36 3 9 59 16 
202 30 3 0 6 8 4 3 12 1 19 8 1 22 
3 1 6 6 12 15 9 17 27 20 26 30 7 6 
23 27 24 4 12 43 23 35 27 31 20 36 29 
30 1 0 0 0 0 0 0 0 0 0 1 0 0 
302 0 0 0 0 0 0 0 0 0 0 2 1 
32 0 0 0 0 0 0 1 1 2 0 0 0 
24 0 3 0 1 1 1 0 0 0 1 0 0 
40 1 36 26 1 0 4 12 16 5 0 134 26 2 
402 0 4 2 2 2 1 1  4 8 5 2 2 2 
33 9 8 3 4 4 12 8 28 0 5 5 19 
25 3 3 2 0 4 2 14 1 2 2 4 5 

Central 
904 2 0 6 0 0 0 0 0 2 1 3 0 
905 3 2 3 0 0 0 1 0 1 9 0 0 
906 0 3 1 0 0 1 0 0 0 0 0 0 
907 0 2 9 12 61 32 14 9 4 5 32 7 
908 1 8 9 128 29 21 8 1 62 3 4 99 24 
909 4 2 4 12 47 14 1 1  2 2 6 3 6 
910 1 1 1 0 0 1 0 1 0 0 4 3 
91 1 0 0 0 0 0 0 4 0 0 12 0 3 
912 1 0 1 0 0 0 0 0 1 0 0 1 
913 12 4 5 I I 122 13 8 17 2 35 24 I5 
914 9 18 2 18 5 7 138 99 3 4 6 5 
91 5 14 5 9 5 29 1 1  60 44 14 18 1 1  18 

Control 
63 0 0 0 0 0 0 0 1 0 0 0 0 
62 1 0 4 0 0 I 0 0 0 1 0 0 
6 1 0 3 0 0 0 0 0 0 0 0 0 1 
60 0 0 0 13 0 4 0 0 0 0 0 0 
133 1 7 1 31 22 9 1 4 1 1 0 7 
134 6 10 4 5 5 3 5 I2 2 3 2 18 
135 6 5 5 3 1 21 10 8 5 2 14 3 2 1 

136 13 7 6 4 33 23 9 1 4 0 4 24 
183 0 0 0 0 0 0 0 0 0 0 6 0 
182 0 0 0 1 0 0 0 0 0 3 1 1 
181 1 0 0 3 1 I 0 0 0 2 1 0 
180 7 6 10 2 16 0 6 14 0 1 8 7 
193 4 12 4 7 13 1 37 9 0 4 2 13 
1 92 8 3 0 5 52 5 3 1 7 3 2 4 3 
191 57 0 1 2 2 0 22 19 6 2 2 1 
190 10 3 0 4 3 1 94 17 9 8 8 10 

Total 311 251 223 375 633 269 642 463 130 359 446 306 



Appendix If. Total Northern Pintail counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

1 999 2000 

Area Transect 22-Jul 30-Jul I I-Aug 2bAug 2-3-Sep 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Au& 
Industrial 

101 0 0 2 0 0 0 0 0 0 0 0 0 
1 02 0 0 I 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 0 0 0 0 0 
20 1 0 0 14 0 0 0 0 0 0 0 0 0 
202 0 0 0 0 0 0 0 0 0 0 0 0 
3 1 0 0 0 0 0 0 0 0 0 0 0 0 
23 0 0 2 0 0 0 0 0 0 0 0 0 
30 1 0 0 0 0 0 0 0 0 0 0 0 0 
302 0 0 0 0 0 0 0 0 0 0 0 0 
32 0 0 0 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 0 0 
401 0 0 0 0 0 2 9 0 25 86 0 0 
402 0 0 0 0 34 0 8 0 0 0 0 0 
33 0 64 0 0 0 0 0 0 0 0 0 7 
25 0 3 1 0 0 0 0 0 0 0 0 0 9 

Cenbal 
904 0 0 4 0 0 0 0 0 0 0 0 0 
905 0 0 1 0 0 0 0 0 0 0 0 0 
906 0 0 0 0 0 0 0 0 0 0 0 0 
907 0 0 0 0 0 0 0 0 0 0 0 0 
908 0 0 1 0 0 0 0 0 0 0 0 0 
909 0 0 0 0 0 0 0 0 0 0 0 0 
910 0 0 0 0 0 0 0 0 0 0 0 0 
91 1 0 0 0 0 0 0 0 0 0 0 0 0 
912 0 0 0 0 0 0 0 0 0 0 0 0 
913 0 0 0 0 0 0 0 0 0 0 0 0 
914 0 220 0 4 0 0 0 80 0 0 0 75 
915 0 5 0 25 0 0 27 6 0 0 0 12 

Control 
63 0 0 0 0 0 0 0 0 0 0 0 0 
62 0 0 0 0 0 0 0 0 0 0 0 0 
61 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 
133 0 0 0 0 0 0 0 0 0 0 0 0 
134 0 0 1 0 0 0 0 0 0 0 0 0 
135 0 0 2 0 0 0 0 0 0 0 0 0 
136 10 0 5 0 0 0 0 0 0 0 0 0 
183 0 0 0 0 0 0 0 0 0 0 0 0 
182 0 0 0 0 0 0 0 0 0 0 0 0 
181 0 0 0 0 0 0 0 0 0 0 0 0 
180 0 0 0 0 0 0 0 0 0 0 0 0 
193 0 156 0 0 12 0 0 12 0 I 0 35 
192 0 0 0 0 8 16 0 8 0 0 0 0 
191 0 5 2 0 8 18 1 65 6 0 3 3 0 
190 0 2 4 0 0 0 137 4 1 28 5 3 2 

Total 10 483 39 29 62 36 346 153 53 95 6 140 



Appendix lg. Total Geese and Swans counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

1 999 2000 
Area Tmsect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Sep 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aug 
Industrial 

101 0 0 0 0 0 0 0 0 0 0 0 0 
102 0 0 0 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 0 0 0 0 0 0 9 0 0 0 4 
20 1 12 0 0 0 0 0 0 0 19 20 0 17 
202 0 0 0 0 20 0 0 0 0 0 0 2 

31 0 0 0 0 0 0 0 0 0 0 0 0 
23 6 0 0 0 0 0 12 0 0 0 0 0 

30 1 0 0 0 0 0 0 0 0 0 0 0 0 
302 0 0 0 0 0 0 0 0 0 0 0 0 
32 0 0 0 0 0 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 0 0 0 0 0 
401 50 0 0 0 0 0 27 47 170 72 49 1 
402 21 47 65 0 0 0 82 0 28 8 0 0 
33 46 33 56 25 0 0 0 43 0 0 45 2 
25 2 0 0 0 0 0 85 0 0 0 0 0 

Central 
904 0 0 0 0 0 0 0 0 0 0 0 0 
905 0 0 0 0 0 0 0 0 0 0 0 0 
906 0 0 0 0 0 0 0 0 0 0 0 0 
907 0 0 0 0 0 0 0 0 0 0 0 0 
908 0 0 0 0 0 0 0 0 0 0 0 0 
909 0 0 0 0 0 0 0 0 0 0 0 0 
910 0 0 0 0 0 0 0 0 0 0 0 0 
91 1 0 0 0 0 0 0 0 0 0 0 0 0 
912 0 0 0 0 0 0 0 0 0 0 0 0 
913 0 9 0 30 3 0 0 0 22 0 20 8 
914 0 0 12 0 0 2 0 0 60 0 0 0 
915 64 23 40 30 0 0 105 340 133 202 25 47 

Control 
63 0 0 0 0 0 0 0 0 0 0 0 0 
62 0 0 0 0 0 0 0 0 0 0 0 0 
61 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 16 0 0 0 0 0 0 0 
133 0 0 0 0 0 0 0 0 0 0 0 0 
1 34 0 0 0 0 0 0 0 0 0 0 0 0 
135 0 0 0 20 0 0 0 0 0 0 0 6 
136 0 0 0 27 ' 0 4 0 0 0 0 0 0 
183 0 0 0 0 0 0 0 0 0 0 0 0 
182 0 0 0 0 0 0 0 0 0 0 0 0 
181 0 0 0 0 0 0 0 0 0 0 0 0 
1 80 0 0 0 0 0 0 0 0 0 0 0 0 
193 0 0 0 0 0 0 40 22 18 0 17 35 
192 0 4 0 0 0 0 0 0 0 5 0 0 
191 0 3 0 0 0 0 0 8 0 0 0 75 
190 20 0 0 0 25 0 0 0 0 0 0 1 1  

Total 221 119 173 132 64 6 351 469 450 307 156 208 



Appendix lh. Total Shorebirds counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 1999- 
2000. 

1 999 2000 
Area Transect 22-Jul 30-Jul Il-Aug 26-Aug 2-3-Sep 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aug 
lndusbial 

101 
1 02 
30 
22 
201 
202 
31 
23 
301 
302 
32 
24 
40 1 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
91 3 
914 
915 

Control 
63 
62 
6 1 
60 
133 
I N  
135 
136 
183 
182 
181 
180 
193 
1 92 
191 
190 

Total 



Appendix li. Total Pacific Loons counted per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 1999- 
2000. 

1 999 2000 
Area Tmnsect 22-Jul 30-1111 I l-Aug 26-Aug 2-3-Sep 8- 21-1111 I-Aug 7-Aug 1SAug 24-Aug 31-Aug 

tndusbial 
101 
102 
30 
22 
20 1 
202 
3 1 
23 
30 1 
302 
32 
24 
401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
91 5 

Control 
63 
62 
61 
60 
133 
134 
135 
136 
183 
182 
181 
180 
193 
1 92 
191 
190 

Total 



Appendix lj. Total Red-throated Loon counted per transect during 12 near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

1 999 2000 
Area Transect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Sep 8-Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aug 

industrial 
101 0 0 0 0 0 0 0 0 0 0 0 0 
1 02 0 0 0 0 1 0 0 0 0 0 0 0 
30 2 0 0 0 2 0 0 0 0 0 0 0 
22 1 0 0 0 2 0 0 0 4 0 0 0 
201 1 0 0 0 0 3 0 0 1 0 0 1 
202 0 0 0 0 0 0 0 0 0 0 0 0 
31 0 0 0 0 0 3 0 0 0 0 0 0 
23 0 0 0 1 0 0 0 0 1 0 0 0 
301 0 0 0 0 0 0 0 0 0 0 5 0 
302 0 0 0 0 0 0 0 0 0 0 0 0 
32 0 0 1 0 0 0 0 0 0 0 0 0 
24 0 0 0 1 0 0 0 0 0 0 0 0 
401 0 5 0 0 0 2 1 1 0 0 1 0 
402 0 2 0 0 0 0 0 0 1 0 6 0 
33 0 0 0 0 0 0 0 1 0 0 5 0 
25 0 2 0 0 0 0 0 0 0 0 1 0 

Cenhal 
904 0 0 0 0 0 0 0 0 0 0 0 0 
905 1 0 0 0 0 1 0 0 0 0 0 0 
906 1 0 0 0 1 0 0 0 0 0 0 0 
907 0 0 0 0 0 0 0 0 0 0 0 0 
908 0 0 1 0 0 0 0 0 0 0 0 0 
909 0 0 0 0 0 2 0 0 0 0 0 0 
910 1 0 4 0 0 2 0 1 0 0 1 0 
91 1 0 0 0 0 0 0 0 0 0 0 0 0 
912 0 1 0 0 0 0 0 0 0 0 0 0 
913 1 0 1 2 0 0 0 1 0 0 3 0 
914 0 0 0 1 0 0 0 0 0 0 0 0 
915 0 8 0 1 0 0 0 4 3 1 2 1 

Calbol 
63 0 0 0 0 0 0 0 0 0 0 0 0 
62 0 0 0 0 1 1 0 0 0 0 0 0 
61 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 2 0 0 0 1 0 0 0 0 
133 0 1 0 0 0 5 0 0 0 0 0 0 
1 34 0 0 1 0 0 0 0 0 0 0 0 0 
135 0 0 1 0 0 0 0 0 0 0 0 0 
136 0 0 7 0 0 4 0 0 0 0 0 0 
183 0 0 0 0 0 0 0 0 0 0 0 0 
1 82 0 0 0 0 0 0 0 0 0 0 0 0 
181 0 0 0 0 0 0 0 0 0 0 0 0 
1 80 0 0 2 0 0 0 0 1 0 2 0 0 
193 2 0 0 0 0 0 0 0 0 0 0 0 
192 1 0 0 1 0 2 0 0 0 2 0 0 
191 0 1 0 0 0 1 0 5 3 1 0 0 
190 0 6 0 0 1 0 0 2 0 0 2 2 

Total I I 26 18 9 8 26 1 17 13 6 26 4 



Appendix 1 k. Total Yellow-billed Loons counted per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

1 999 2000 

Area Transect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Sep &Sep 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aug 

Industrial 
101 1 0 0 0 0 0 0 0 0 0 0 0 

102 0 0 0 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 0 0 

22 0 0 0 0 0 0 0 0 0 0 0 0 

20 1 3 1 3 0 0 0 0 0 0 0 I 0 

202 0 0 1 1 0 0 1 0 0 0 0 0 

3 1 0 0 I 0 0 0 0 0 3 3 0 0 

23 0 0 0 0 0 0 0 0 I 0 0 0 

30 1 0 0 0 0 0 0 0 0 0 0 0 0 

302 0 1 0 0 0 0 2 0 0 0 0 0 

32 0 1 0 0 0 0 0 0 0 0 0 0 

24 1 0 0 0 0 2 0 0 0 0 0 0 

401 0 0 0 0 0 0 0 0 0 0 0 0 
402 0 4 0 0 0 0 0 1 0 0 0 0 

33 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 0 0 

Ccnbal 
904 0 0 0 0 0 0 0 0 0 0 0 0 

905 0 0 0 0 0 0 0 0 0 0 0 0 

906 0 0 0 0 0 0 0 0 0 0 0 0 

907 0 0 1 0 0 0 0 1 0 0 0 0 
908 0 0 0 0 0 0 0 0 0 0 0 0 

909 0 0 1 0 0 0 2 0 0 0 0 0 

910 0 0 1 0 0 0 0 0 0 0 0 0 

91 1 1 0 0 0 0 0 0 0 0 0 0 0 

912 0 0 0 0 0 0 0 0 0 0 0 0 

913 0 I 0 0 0 0 0 0 0 0 0 0 

914 0 0 0 0 0 0 0 0 0 0 0 0 

91 5 0 2 0 0 0 0 0 1 0 0 0 1 

Control 
63 0 0 0 0 0 0 2 0 0 0 0 0 

62 0 0 0 0 0 0 0 0 0 0 0 0 

61 0 0 0 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 0 0 0 

133 0 0 3 0 0 0 0 3 0 0 0 0 
1 34 0 0 1 0 0 0 1 0 0 0 0 0 
135 0 0 1 0 0 0 0 0 0 0 0 0 
136 0 0 0 I 0 0 2 3 I 0 2 0 

183 0 0 0 0 0 0 0 0 0 0 0 0 

182 0 0 0 0 0 0 1 0 0 1 0 0 

181 0 0 0 0 0 0 0 0 0 0 0 0 

180 0 0 0 0 0 0 1 0 0 0 0 0 

193 0 0 0 0 0 0 0 0 0 0 0 0 

192 0 0 0 0 0 0 0 0 0 0 0 0 

191 0 0 0 0 0 0 0 0 0 0 0 0 

190 0 0 0 0 0 0 0 0 0 0 0 0 

Total 6 10 13 2 0 2 12 9 5 4 3 1 



Appendix 2a. Long-tailed Duck density (individualdsq. km) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

I\rea Transect 
Industrial 

101 
1 02 
30 
22 
201 
202 
31 
23 
301 
302 
32 
24 
401 
402 
33 
25 

Cenbal 
904 

905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

control 
63 
62 
61 
60 
133 
134 
135 
136 
183 
182 
181 
180 
1 93 
192 
191 
190 



Appendix 2b. Common Eider density (individuals/sq. km) per bansect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Area Transect 22-Jul 

Industrial 
101 0.00 
102 0.00 
30 0.00 
22 0.00 
20 1 0.1 1 
202 0.49 
3 1 5.19 
23 0.23 
30 1 0.00 
302 0.00 
32 0.5 1 
24 0.00 
401 0.00 
402 0.00 
33 0.00 
25 0.00 

Central 
904 0.00 
905 0.00 
906 . 0.00 
907 5.78 
908 1.87 
909 1.08 
910 0.00 
91 1 0.00 
912 0.20 
913 0.00 
914 0.00 
915 0.77 

Conbol 
63 0.00 
62 0.00 
61 0.00 
60 0.00 
133 10.76 
134 30.69 
135 5.40 
136 0.16 
183 0.00 
182 0.00 
181 0.00 
1 80 0.51 
1 93 2.65 
192 1.15 
191 2.41 
190 0.46 



Appendix 2c. King Eider density (individuals/sq. km) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Area Tnnsect 



Appendix 2d. Scoter density (individualdsq. km) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Industrial 
101 
102 
30 
22 
201 
202 
3 1 
23 
301 
302 
32 
24 
401 
402 
33 
25 

Ccntnl 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

Conrnl 
63 

. 62 
6 1 
60 
133 
1 34 
135 
136 
183 
I82 
181 
180 
193 
192 
191 
190 



Appendix 2e. Glaucous Gull density (individuals/sq. km) per transect during 12 Near-shore surveys, Beaufort 
Sea. Alaska. 1999-2000. 

Area Tmsect 



Appendix 2f. Northern Pintail density (individuals/sq. km) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Area Transect 22-Jul 

Industrial 
101 0.00 
1 02 0.00 
30 0.00 
22 0.00 
201 0.00 
202 0.00 
3 1 0.00 
23 0.00 
30 1 0.00 
302 0.00 
32 0.00 
24 0.00 
401 0.00 
402 0.00 
33 0.00 
25 0.00 

Central 
904 0.00 
905 0.00 
906 0.00 
907 0.00 
908 0.00 
909 0.00 
910 0.00 
91 1 0.00 
912 0.00 
913 0.00 
914 0.00 
915 0.00 

Conrnl 
63 0.00 
62 0.00 
61 0.00 
60 0.00 
133 0.00 
134 0.00 
135 0.00 
136 1.57 
183 0.00 
1 82 0.00 
181 0.00 
1 80 0.00 
1 93 0.00 
1 92 0.00 
191 0.00 
190 0.00 



Appendix 2g. Geese and Swan density (individualslsq. lan) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Area Transect 22-Jul 

Industrial 
101 0.00 
1 02 0.00 
30 0.00 
22 0.00 
201 I .38 
202 0.00 
31 0.00 
23 1.39 
301 0.00 
302 0.00 
32 0.00 
24 0.00 
401 6.61 
402 3.57 
33 5.83 
25 0.42 

Central 
904 0.00 
905 0.00 
906 0.00 
907 0.00 
908 0.00 
909 0.00 
910 0.00 
91 1 0.00 
912 0.00 
913 0.00 
914 0.00 
915 ' 4.95 

Control 
63 0.00 
62 0.00 
61 0.00 
60 0.00 
I33 0.00 
134 0.00 
135 0.00 
136 0.00 
183 0.00 
182 0.00 
181 0.00 
180 0.00 
193 0.00 
1 92 0.00 
191 0.00 
190 3.04 



Appendix 2h. Shorebird density (individualdsq. km) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

lndusbial 
101 
102 
30 
22 
20 1 
202 
31 
23 
301 
302 
32 
24 
401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
91 3 
914 
915 

canbol 
63 
62 
61 
60 
133 
1 34 
135 
136 
183 
182 
181 
1 80 
193 
1 92 
191 
190 



Appendix 2i. Pacitic Loon density (individuals/sq. km) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Area Transect 

hdustrial 
101 
102 
30 
22 
201 
202 
3 1 
23 

301 
302 
32 
24 

401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
91 5 

Cmbol 
63 
62 
6 1 
60 
133 
134 
135 
136 
183 
182 
181 
180 
193 
1 92 
191 
190 

2000 
8- Sep 21-Jul I-Aug 7-Aug 15-Aug 24Aug 31-Aug 



Appendix 2j. Red-throated Loon density (individualslsq. km) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Area Transect 

Industrial 
101 
102 
30 
22 
20 1 
202 
3 1 
23 
30 1 
302 
32 
24 
401 
402 
33 
25 

Cmtral 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
91 3 
914 
915 

Control 

63 
62 
61 
60 
133 
134 
135 
136 
183 
182 
181 

1 80 
193 
1 92 
191 
190 



Appendix 2k. Yellow-billed Loon density (individualslsq. km) per transect during 12 Near-shore surveys, 
Beaufort Sea, Alaska, 1999-2000. 

Industrial 
101 0.1 1 
102 0.00 
30 0.00 
22 0.00 
201 0.34 
202 0.00 
31 0.00 
23 0.00 
30 1 0.00 
302 0.00 
32 0.00 
24 0.16 
401 0.00 
402 0.00 
33 0.00 
25 0.00 

Cenbal 
904 0.00 
905 0.00 
906 0.00 
907 0.00 
908 0.00 
909 0.00 
910 0.00 
91 1 0.15 
91 2 0.00 
913 0.00 
914 0.00 
915 0.00 

Control 
63 0.00 
62 0.00 
61 0.00 
60 0.00 
133 0.00 
1 34 0.00 
135 0.00 
136 0.00 
183 0.00 
182 0.00 
181 0.00 
1 80 0.00 
193 0.00 
192 0.00 
191 0.00 
190 0.00 



Appendix 3a. Long-tailed Duck log density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Area Tmsect 22Jul 

Industrial 
101 0.1 1 
1 02 0.00 
30 0.55 
22 1.05 
201 5.10 
202 4.99 
31 5.60 
23 2.10 
30 1 2.35 
302 2.54 
32 3.00 
24 0.40 

401 2.66 
402 0.29 
33 0.00 
25 0.00 

Central 

904 0.00 
905 0.38 
906 0.1 1 
907 3.16 
908 3.52 
909 4.15 
910 1.32 
91 1 0.00 
912 1.07 
913 1.53 
914 0.00 
915 1.35 

Control 
63 0.00 
62 1.80 
61 2.31 
60 1.81 
133 4.67 
134 4.2 1 
135 4.61 
136 4.91 
183 1.18 
182 1.37 
181 1.81 
180 2.62 
193 2.99 
192 5.07 
191 5.1 1 
190 3.87 





Appendix 3c. King Eider Ln density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Area Tmsect 



Appendix 3d. Scoter log density (Ln[den+ 11) per transect during 12 Near-shore surveys, Beaufort Sea, Alaska, 
1999-2000. 

Area Transect 22-Jul 

Industrial 
101 
102 
30 
22 

201 
202 
31 
23 
30 1 
302 
32 
24 

401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

cmm1 
63 
62 
61 
60 
133 
1 34 
135 
136 
183 
182 
181 
180 
193 
192 
191 
190 

1 999 2000 
30-JuI Il-Aug 26-Aug 2-3-Sep 8-Scp 21-Jul I-Aug 7-Aug 15-Aug 24-Aug 31-Aug 



Appendix 3e. Glaucous Gull log density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Area Transect 22-Jul 

hdustrial 
101 
102 
30 
22 
20 1 
202 
3 1 
23 
30 1 
302 
32 
24 
401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
91 3 
91 4 
915 

CmIrol 
63 
62 
61 
60 
133 
I 3 4  
135 
136 
183 
I82 
181 
180 
193 
192 
191 
190 



Appendix 3f. Northern Pintail log density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

Industrial 
101 
102 
30 
22 . 

20 1 
202 
3 1 
23 
30 1 
302 
32 
24 
40 1 
402 
33 
25 

Centnl 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
91 3 
914 
91 5 

Control 
63 
62 
61 
60 

I33 
1 34 
135 
136 
183 
182 
181 
180 
193 
192 
191 
190 



Appendix 3g. Geese and Swan log density (Ln[den+l J) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 
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Appendix 3i. Pacific Loon log density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort Sea, 
Alaska, 1999-2000. 

1 999 2000 
Arm Transect 22-Jul 30-Jul I I-Aug 26-Aug 2-3-Sep 8-Sep 21-Jul I-Aug 7-Aug ISAug 24-Aug 31-Aug 

lndusbial 
101 
102 
30 
22 
20 1 
202 
31 
23 
301 
302 
32 
24 

401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

control 
63 
62 
61 
60 
133 
134 
135 
136 
183 
182 
181 
180 
193 
192 
191 
190 



Appendix 3j. Red-throated Loon log density (Ln[den+l]) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Industrial 
101 
1 02 
30 
22 
20 1 
202 
31 
23 

301 
302 
32 
24 

401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
915 

C o n d  
63 
62 
6 1 
60 
133 
134 
135 
136 
183 
182 
181 
180 
193 
192 
191 
190 



Appendix 3k. Yellow-billed Loon log density (Ln[den+ 11) per transect during 12 Near-shore surveys, Beaufort 
Sea, Alaska, 1999-2000. 

Area Tmsect 

Industrial 
101 
102 
30 
22 
20 1 
202 
31 
23 
30 1 
302 
32 
24 
401 
402 
33 
25 

Central 
904 
905 
906 
907 
908 
909 
910 
91 1 
912 
913 
914 
91 5 

Conrnl 
63 
62 
61 
60 
133 
1 34 
135 
136 
183 
182 
181 
1 80 
193 
1 92 
191 
190 



Jun-99 Jul-99 Au1.99 Jun-00 Jul-00 Aup-00 
Smrunf T- lndlv M i t y  Ln(den+l) lndiv DmtilvLnfdm+l) lndiv Lkmiiv Ln(dcn+l) lndiv Dmtiiy Ln(dcn+l) lndiv Dcruiiv W d m + l )  lndiv Dnuilv Ln(dm+l) 



Jun-99 Jul.99 Aug-99 Jun-00 Jul-00 Aug-OO 
S t m u d  T- Indlv Donritv Wdcn+l) lndlv D c d v W d c n + l )  l d v  Dcnkv Ln(&n+l) l d v  aaUitv Ln(&n+l) lndiv Dau~ tv  Lddm+l)  lnd~v D M a v  Wdm+l )  

6 13s 10 281 134 0 O M  000 1 028 025 0 O M  O M  0 O M  O M  0 O M  O M  

'St- I- H u r h  Bay Deep. 2- Idwiid Deep. 3- Cann! Deep, 4- Conml Lkep, 5- H a r k  Bay Shlbw, 6. lnduarid Shlbw. 7- Cmln! Shlbw. 8- Conlml Shlbw. 



Append* 4b. Numbcn. damiicia (indIvi3uk'q. km). Md lg dcrunia (ln/dal]) of Commn E h  on rvbrmmat~ pa npl*ue olhhm 8 w c y .  h u h  Sen, AAb4 1999-2W. 

Jun-W JvCW AupW Jm40 JuCW Aug-00 
Wmd Trrren lndiv DnrLv M d n + l )  lndiv DCrrirv Mda l l lndiv W i v  Ln(&n+l) lndiv Dclllitv Ln(&n+l) lndiv Dnrirv Ln(&n+l) lndiv Dcllli~v Ln(dm+li 

I 23d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
24d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 OW 0.00 0 0.00 000 0 0.00 0.00 
2 u  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
26d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 0.00 0.00 0 0.00 0.00 
276 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
296 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
2W 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 OW 0.00 
3W 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
31d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 2 0.12 0.11 0 ow 000 
326 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 2 0.12 0.11 0 000 0.00 
336 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 000 0.00 
316 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 3 0.25 0 22 0 000 0.00 
3 u  0 0.00 0.00 0 0.00 0.00 0 0!30 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
36d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 OW 0.00 0 0.00 0.00 



Jun-99 JuCW Aup-99 Jun-00 Jul-W Aug-00 
Smruunf T- lndiv W h v  Ln(dcn+l) lndiv k i t v  Wdcn+l) lndiv W h y  Ln(dm+l) lndiv Densicy Ln(dcn+l) lndiv Dauicv Ln(&n+l) lndiv Density Ln(&n+l) 

6 131 5 1.40 088  0 0.00 0.00 0 0.00 0.00 0 0.00 000  0 O M  0 0 0  0 O M  O M  
~ ~~ . ~ ~ ~- 

I41 21 5.44 1.86 11 2.85 1.35 0 0.00 0.00 59 15.29 2.79 0 0.00 0.00 0 0.00 0.00 
151 3 0.89 0.64 0 0.00 0 . M  0 0.00 0.00 1 0.30 0.26 0 0.00 0.00 0 0 0 0  0.00 
1 6  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000  0.00 0 0.00 0 0 0  
17s 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000  0 0.00 0.00 0 0.00 0.00 
I &  0 0.00 0.00 8 2.79 1.33 3 0 5  0.72 0 0.00 0.00 1 0 35 0.30 0 0.00 000  
I% 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 38 14.86 2.76 0 0.00 0.00 
2 G  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
21s 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 2 045 0.37 1 0.23 0.20 
22J 0 0.00 0.00 8 2.17 1.15 0 0.00 0.00 0 0.00 0.00 0 0 0 0  000  0 0.00 0.00 

7 101 2 0.35 0.30 0 0.00 0.00 0 000  0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
I 11 0 0.00 0.00 20 2.40 1.22 3 0.36 0.31 1 0.12 0.11 0 0.00 0.00 0 0.00 0.00 
12J 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 10 1.51 0.92 0 0.00 0 0 0  
3s 15 1.88 1.06 25 3.13 1.42 4 0.50 0.41 16 2.00 1.10 0 0 0 0  0.00 0 0.00 0.00 
41 8 0.99 0.69 0 0.00 0.00 0 0.00 0.00 2 0.25 0.22 3 0 37 0.31 0 0.00 0.00 
h 0 0.00 0.00 2 0.21 0.19 0 0.00 0.00 2 0.21 0.19 0 O W  0.00 0 0 0 0  0.00 
b 8 0.83 0.60 5 0.52 0.42 1 0.10 0.10 0 0.00 000  2 0.21 0.19 0 0.00 0.00 
71 2 0.19 0.17 3 0.28 0.25 0 0.00 0.00 6 0.57 0.45 0 0 0 0  0.00 0 0 0 0  o w  
81 12 1.39 0.87 2 023 0.21 0 0.00 0.00 6 0.70 0.53 15 7 101 0 0.00 0.00 
98 4 0.48 0.39 0 0.00 0.00 0 0.00 000 5 0.60 0.47 0 0 0 0  0.00 0 000  0.00 

8 Is 2 0.36 0.31 I 0.18 0 17 44 7.94 2.19 0 0.00 0.00 0 0.00 0 0 0  0 0.00 0.00 
2s 13 1.83 1.04 35 4.94 1.78 10 4 0.88 10 4 0.88 0 000 0 0 0  0 000  000  

371 0 0.00 0.00 0 0.00 0 0 0  0 0.00 0.00 
381 0 0.00 0.00 0 O W  0.00 0 0 0 0  0.00 
3% 0 0.00 0.00 0 0.00 000 0 0 0 0  0.00 
4a 0 0 . v  0.00 0 0.00 0.00 0 ow 0.00 
41s I 9  6.60 2.03 0 0.00 0.00 I 0.35 0.30 
421 0 0.00 0.00 12 3.81 1.57 0 000  0.00 
43s 0 0.00 0.00 0 0 0 0  0.00 0 0.00 0.00 

' S t m r  I -  Huriron By Docp. 2- IndwrriJ Deep. 3- Ccnhl  Docp, 4- Cocuml Deep. 5- Hrriron Bay Shlbw. 6. Induhl Shlbw, 7- h n l  Shlbw. 8- Control Shlbw. 



A p p d L  6. Numbn* dcmitia (ididduah'rq. km). ud log dsmitia (Ln[dm+ I I) of King Eidcn on subruum~ p a  r c p l i i o  ofihom 1urvcy. Buufon SQ ALJ4  1999-2000. 

Jun-99 hL99 Aug-99 Jul-00 Jul-00 Aup-OO 
Stmum' Tnnron Indiv Dciuiuv Ln(dm+l) lndiv Dciuiuy Ln(dm+ I )  lndiv Dmcitv Ln(dm+l) lndiv Dciuiiy Ln(dm+l) lndiv Dewily Ln(dm+l) lndiv Dciuinv Ln(dm+ I )  

I 236 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0 0 0  
246 0 0.00 0.00 90 4.97 1.79 21 1.17 0.78 0 0.00 0.00 0 0 0 0  0.00 0 0 0 0  O W  
2% 0 0.00 0.00 49 2.37 1.22 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
26d 0 0.00 000  73 3.60 1.53 0 0.00 0.00 0 0.00 0.00 90 3.73 1.55 0 0.00 0.00 
276 15 0.70 0.53 0 0.00 0.00 47 2.42 1.23 0 0.00 0.00 70 3.21 1.44 0 0.00 0.00 
2 M  8 0.38 0.32 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 8 0.38 0.32 0 0.00 0 0 0  
2% 25 1.31 0.84 I80 10.28 2.42 12 0.71 0.54 0 0.00 0.00 12 0.63 0.49 0 0.00 0 0 0  
306 0 0.00 0.00 2% 14.97 2.77 16 0.95 067 0 0 0 0  0.00 276 15.15 2.78 2 0.11 0.10 
3ld 0 0.00 0.00 418 32.43 3.51 98 6.26 1.98 0 0 0 0  0.00 54 3.24 1.44 6 0.36 0.31 
326 0 0.00 0.00 112 7.59 2.15 410 25.45 3.28 0 000  0.00 97 569  1.90 5 0.30 0.26 
336 0 O W  0.00 36 2.57 1.27 52 3.66 1.54 0 0.00 0.00 22 1.33 0.84 3 0 18 0.17 
346 0 0.00 000  119 11.28 2.51 I 0.09 009 0 0.00 0.00 12 0.99 0.69 0 0.00 0.00 
3# 0 0.00 0.00 19 2.15 1.15 0 0.00 0.00 0 OW 0.00 97 8.86 2 29 3 028  025 
36d 0 0 0 0  000 45 4.70 1.74 0 0.00 OW 0 0.00 0.00 192 17.40 2 91 1 0.09 009  

2 136 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000  0.00 0 0.00 0.00 
l4d 0 0.00 0.00 0 0.00 O W  0 000 0.00 0 0.00 OW 0 0.00 0.00 0 0.00 000  
I # 0 o w  0.00 0 O W  0.00 0 0.00 0.00 0 0 0 0  0.00 0 0 0 0  O W  3 0.15 0.14 
166 0 0 0 0  0.00 2 0 5  0 I4  0 0.00 0.00 0 0.00 0.00 0 O W  000  4 019  0.17 
176 0 0:00 0 0 0  120 9.52 2.35 0 0.00 O W  0 0.00 O W  0 0.00 O W  0 O W  0.00 
18d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 I9  0.92 0.65 0 0 0 0  0.00 
I W  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 73 3.47 I 50 0 0.00 0.00 
206 0 0.00 0.00 85 4.78 1.75 0 0.00 000  0 0 0 0  0.00 100 4 82 1 76 0 0 0 0  0.00 
216 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 I 0.05 005 25 1.22 0.80 0 0 0 0  0 0 0  
226 0 0.00 0.00 110 5.18 1.82 0 0.00 0.00 0 0.00 000  0 0.00 0.00 0 0 0 0  0.00 





Appnd* Id. Numbm, W h i m  (iwliduab'sq. km), nd log dnrhia (Ln[dm+ I]) of Spoctwbd Ebb on wbmnMt per r e p k c  oKbrc survey. Bauh S u  A W u  1999-2000. 

Jun-99 Jul-99 Aug-99 Jun-00 Jul-00 Aup-00 
Snatum' Truuaa Indiv b i t v  Wdm+l) l d v  Dcruitv Ln(dn+l) l d v  Dmrilv Ln(dm+l) lldiv Dmritv Ln(dm+ 1) l d v  b i l v  Wdm+l) lndiv Dmriw Ln(dm+l) 

I U d  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 3 0. I6 0.15 0 0.00 0.00 
24d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 OW 
2 M  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 40 2.04 1 . 1 1  0 0.00 0.00 
26d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
27d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 0.00 0.00 
2nd 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
2W 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 0.00 0.00 0 000 0.00 
3Od 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 100 5.49 1.87 0 0.00 OW 
3Id 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 
32d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0.00 0.00 0 0.00 0.00 
33d 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
34d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0.00 0.00 0 0.00 0.00 
3M 0 0.00 0.00 0 0.00 OW 4 0.33 0.29 0 0.00 0.00 0 0.00 0.00 0 0.00 000 
36d 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 OW 0.00 0 0.00 0.00 0 0.00 000 

2 l3d 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
146 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 o w  0 0 00 0.00 0 0.00 0.00 
I M 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 000 0.00 0 0.00 000 
16d 0 0.00 000 0 0.00 0.00 0 0.00 0.00 0 0.00 OW 0 0.00 0.00 0 0.00 0.00 
176 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
1 8d 0 0.00 0.00 0 OW 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
1% 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
206 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0.00 0.00 0 0.00 000 0 0.00 000 
216 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0 00 000 0 000 OW 
226 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 000 000 



8 8 8 8 8 8 8 8 8 8  
d d d d d d d d d d  

8 8 8 8 8 8 8 8  
d d d d d d d d  

8 8 8 8 8 8 8 8 8 8  
d d d d d d d d d d  

8 8 8 8 8 8 8 8  
d d d d d d d d  

8 8 8 8 8 8 8 8 8 8  
d d d d d d d d d d  

8 8 8 8 8 8 8 8 8 8  
d d d d d d d d d d  

0 0 0 0 0 0 0 0 0 0  



J w 9 9  
lndiv Dcruilv Ln(dar+l) 

Jul-99 
l d i v  Dcnrirv L n ( k + l )  

Aug-99 
lndiv Dcruhq 

Jul-W 
l d i v  Dcruity Ln(&n+l) 

Au1-W 
l d i v  Dcmitv Ln(dcn+l) 



I4 
1% 
Ids 
171 
181 
1% 
208 
211 
221 

' Stma: I -  HMion h y  *, 2- Industrid*. 3. C a d  +. 4- Control h p .  5- Huriron h y  S N b w ,  b Inductrid S N b w .  7- CcntmI S N b w ,  8- Contml Slulbw. 



Jul-99 
lndiv D n r i v  Mda+l) 

Ju+00 
lndiv D a s i y  Lnlden+l) 

0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 000 0.00 
0 0.00 000 
I 0.05 0.05 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
I 0.06 0.W 
0 0.00 000 
0 0.00 0.00 
0 000 000 
0 0.00 0.00 

A u # M  
lndiv Dnuitv Ln(dm+l) 



Jun-99 Jul-W Aup-99 Jun40 Jul-00 Aup-00 
swum. T- l d v  ~ c m i t v  ~ d c n + l )  lndiv Dmitv  Ln(dcn+l) Indiv h i c v  lndiv Dmrnv Wdm+l)  lndiv h i t v  Ln(dm+l) lndiv Dmrhv Ln(dm+l) 

6 13s 5 1.40 0.88 5 4 0  0.88 2 0.56 0.45 0 OW 0.00 I 0.28 0.25 1 0 28 0 25 

7 101 16 2.77 1.33 8 1.22 0.80 I 0.15 0.14 I 0.15 0.14 51 7.81 2.18 3 0.46 038 
I Is 3 0.36 0.31 1 0.12 0.11 3 0.36 0.31 8 0.W 067 6 0.72 OW 0 0.00 000  
121 0 0.00 0.00 I O,l5 0.14 I 0 0.14 0 0.00 0.00 8 121 0.79 5 0 76 0.56 
31 4 0.50 0.41 2 0.25 0.22 I 0.13 0.12 I 0.13 0.12 0 000 0.00 0 0.00 0.00 
4s 1 0.12 0.12 0 0.00 0.00 0 0.00 0.00 I5 1.85 LO5 1 0 12 0.12 4 0.49 0.40 
h 0 0.00 0.00 0 0.00 0.00 4 0.43 0.36 1 011 0.10 0 0.00 0.00 1 011 0.10 
6 1 0.10 0.10 0 0.00 0.00 0 0.00 0.00 1 0.10 0.10 0 0.00 0.00 1 0.10 0.10 
71 5 0.47 0.39 2 019 0.17 1 0.09 0.09 0 0.00 0.00 0 0.00 0.00 0 0.00 000  
L 6 0.70 0 .R  4 0.46 0.38 2 0.23 0.21 33 3.84 l,58 5 0.58 0.46 1 0.12 0 11 
91 31 3.70 1.55 1 0.12 0.11 71 8.47 2.25 18 2.15 1.15 13 5 0.94 4 0.48 0.39 

8 11 1 0.18 0.17 7 1.26 0.82 6 1.08 0.73 5 0.90 064 2 0.36 0.31 0 0.00 000  
k 2 0.211 0.25 I 0 4  0.13 I 0.14 0.13 17 2.40 1.22 I 0.14 0.13 0 0.00 0.00 

37a 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
388 0 000 0.00 1 036  0.31 0 000 000 
391 3 1.13 0.76 1 0.38 032 1 0.38 0.32 
40s . . 2 0.75 0.56 0 0.00 0.00 0 0.00 0.00 
411 - .  4 1.39 0.87 0 0.00 0.00 0 0.00 0.00 
4 k  0 0.00 0.00 5 1.59 0.95 2 0.63 0.49 
43s 0 000 0.00 0 0.00 0.00 0 0.00 0.00 

'Stma: I- HYron b y  Dee& 2. Indumd Deep. 3- Cand Dee& 4- Cavrol Dap. L HYron Bay Shlkwr. 6- Induud  SNbw. 7- Ccrud SNbw,  8- C m m l  Shlbw. 



Appcndia 48. Numbar, &midim (bdMuWsq. km). ud k g  h h u  (wdcn+ I]) of P u i k  Low on a r t n n u c l a  pr rcplicac omhao aumy,  Buufotl S u  ALukr 1999-2000. 

Jw99 
S I N U ~  T- lndiv Drmilv Ln(dcn+l) 

JuC99 
lndiv Doruiiv Ln(drml) 

Aq-99 
lndiv M i y  Ln(dn+l) 

lu& 
lndiv D M i l v  Wdcn+l) 

luI.00 
lndiv DMicv W&n+l) 

Aug.00 
lndiv k i l v  Ln(dcn+l) 

13d 
I4d 
I Sd 
166 
176 
I86 
IW 
2od 
214 
226 

3 IW 
Ild 
126 
3d 
4d 
5d 
66 
7d 
8d 
W 



JUII-99 Jul-W Aup-W JurcOO Jul-00 Aup-OO 
SIN& Trunm lndiv h u v  Ln(dcn+l) lndiv Llami~v Ln(den+l) lndiv Dorruq lndiv W m v  Wdentl) lndiv Dcmitv Ln(dmtl) lndiv Dcmmv Wdnrcl) 

6 138 0 0.00 0.00 0 0.00 0.00 1 0.28 0.25 0 000 0.00 0 000 0.00 0 0.00 O M  . .- 
148 4 1.04 0.71 0 0.00 0.00 1 0.26 0.23 7 1.81 1.03 0 0.00 0.G 0 0.00 ow  
1% I 0.30 0.26 0 0.00 0.00 0 0.00 0.00 2 OW 0.47 0 0.00 0.00 0 0.00 0.00 
1 6  1 0.37 0.32 0 0.00 0.00 0 0.00 0.00 1 0.37 0.32 0 000 0.00 0 000 0.00 
178 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
I h 0 0.00 0.00 0 0.00 0.00 1 0.35 0.30 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
I% 0 0.00 0.00 2 0.78 0.58 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
2rB 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 1 0.29 0,25 0 0.00 0.00 2 0.57 0.45 
218 0 0.00 0.00 0 0.00 0.00 1 0.23 0.20 1 0.23 0.20 0 0.00 OW 1 0.23 0.20 
2 2  1 0.27 0.24 0 0.00 0.00 2 0.Y 0.43 0 0.00 0.00 0 0.00 0.00 0 0.00 OM 

7 l a  0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 2 0.31 0.27 I 0 I5 O,l4 0 0.00 0.00 
I I 1  0 0.00 0.00 3 0.36 0.31 1 0.12 0.11 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
121 I 0.15 0.14 o 0.00 0.00 o 0.00 0.00 o 0.00 0.00 o 0.00 0.00 2 0.30 0.26 
38 0 0.00 0.00 3 0.38 0.32 1 0.13 0.12 6 0.75 0.54 0 0.00 0.00 0 0.00 0.00 
C 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 2 0.25 0.22 0 0.00 0.00 
58 0 000 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
6 1 0.10 0.10 0 0.00 0.00 0 000 0.00 I 0.10 0.10 2 0.21 0.19 0 0.00 0.00 
78 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 I 0.09 0.09 2 0.19 0.17 0 0.00 0.00 
88 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 
% 0 0.00 0.00 3 0.36 0.31 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

8 18 0 0.00 0.00 1 018 0.17 2 0.36 031 1 0.18 0.17 0 0.00 0.00 0 0.00 0.00 
2 0 0.00 0.00 0 0.00 0.00 I 0.14 0.13 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
378 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
38s 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
3% 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
40# 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
418 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
421 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
438 0 0.00 0.00 0 0.00 ow 0 0.00 0.00 

' Stnu: I -  Hvrion 8.y Dmp, 2- Indunrbl Dmp. 3- Cmld  Dmp. 4- C a r d  Dmp. 5- Hvrim 8.y Shlbw. 6. lndwrd Slulbw. 7- C m d  Shdbw. 8- Control Shlbw. 



A p p d i x  4h. Nmbm, dcruiria (iividu&sq km). ud lo# dauiiia (bfdnr+l I) o l R c d - r h m d  Lmu on mullrvracs per npl*uc offihae sumy, k f o n  !%a, A b k ~  1999-2000. 

JwcW 
S m t d  1- lndiv Dcnity Ln(dm+l) 

N W  
lndiv Dnuitv Ln(dm+ 1) 

J& 
lndiv D n u h  Ln(dnr+l) 

Ju lM 
lndiv Dcluiv Ln(dm+l) 

Aug-00 
lndiv Dnuirv Ln(dm+l) 





A p p d k  4i. Numbcn, dnunhc (hdividulhrsa. km). md bs dnuiia (Ln[&n+ll) of Yelbw-tilled LDon on submnwccs p u  repll.lc omhac survey, Buvfm S u  Alrkb  IW-2MW). 

Jw99 
Stratum' T- lndiv Dcnitv W M l )  

I 236 0 0.00 0.00 
24d 0 0.00 0.00 
2 Y  0 0.00 0.00 
266 0 0.00 0.00 
276 0 0.00 0.00 
2M 0 0.00 0.00 
29d 0 0.00 0.00 
30d 0 0.00 0.00 
316 0 0.00 0.00 
32d 0 0.00 0.00 
33d 0 0.00 0.00 
346 0 0.00 0.00 
3 Y  0 0.00 0.00 
3M 0 0.00 0.00 

JuC99 
lndiv Dnuitv Wdcntl) 

Jun-00 
Irdiv Density Ln(&n+l) 

Jul-00 
lndiv Densky Ln(dm* I )  



Jul-W A w W  Jun.00 
ldiv Dnritr M&n+l) ldiv W i t v  lndiv Dnuilv W&n+l) 

0 000 0.00 0 0.00 0.00 0 0.00 0.00 

Aug-00 
ldiv Dcnilv U&n+l) 

0 0.00 OM 

7 1b 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
I I8 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
1 28 0 0.00 0.00 3 0.45 0.37 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
31 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 1 0.13 0.12 0 0.00 0.00 0 0.00 000 
48 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 1 0.12 0.12 0 000 0.00 0 0.00 0.00 
58 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
68 0 0.00 0.00 0 0.00 0.00 0 000 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
78 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
88 o 0.00 0.00 o 0.00 0.00 o 0.m 0.00 o 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
98 0 0.00 0.00 0 0.00 000 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 

8 18 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
28 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 0.00 000 0 0.00 0.00 
371 0 0.00 0.00 0 000 0.00 0 0.00 0.00 
388 0 0.00 0.00 0 0.00 0.00 0 000 0.00 
398 0 0.00 0.00 0 0.00 000 0 0.00 0.00 
408 0 0.00 0.00 0 0.00 0.00 0 0.00 000 
418 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 
4 k  0 0.00 0.00 0 0.00 0.00 0 000 OW 
43: 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

' Sma:  I- H.rrion Bay k p ,  2- lnduud DecR 3- C a u d  Deep. 4- C d  kep, I- H m h  Bay S h l k ,  6- lnduud Shlbw. 7- C a d  Shlbw. 8- Conirvl Sh.Uo*r. 
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