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Oceanography of Prince \.Yilliam Sound Bays and Fjords 

Restoration Project 98297 
Aliliual Report 

S t u d y  His tory:  Unespectedly sliiall Prince iVilliam Sound pink salmoli runs in 1992 and 
1993, and the alrliost complete collapse of tlie herring fishery in 1993, prompted the Ezzon 
l i~ldt :  Oil Spill Trustee Council to initiate ecosystem-level studies of tlie region to inves- 
tigate possible e~ivirolinlelltal reasons for these disasters. A collaborative effort i~lvolvilig 
tlle University of Alaska Fairbanks, the Prince William Sound Science Center. tlie Prince 
\ \y i l l ia~~i  Soulid Aquaculture Corporation, arid Alaska Department of Fish and Cian~e re- 
5ultetl in tlie developnlent of a coordinated plan in the fall of 1993. After substantial 
revietv. Sound Ecosyste~il Xs~essnient (SE.4) was approved for fulidillg April 11, 1994. A 
scope of work for SEA was projected over .5-8 years at  that time. Annual reports were issued 
in 1995 by D.  Ii .  Salnion (project l~u~i iber  94320-M), and in 1996, 1997, and 1998 by S. L 
Vaugllan (project numbers 9.5320-hl, 96320-Ivf, and 97320-hl), all as chapter contributions 
to the 5ingle compiled report of all SEX projects. Project results have been presented at  
professional rlleetings in 1996, 1997 and 1998. A jourlial article was submitted for pub- 
licatioli ill 1996 by S. hl. Gay in tlie 1995 IAPSO Coliference Proceedings. Tliis project 
(9829:) is a continuation of the work funded in previous years under SEA to  provide phys- 
ical oceanographic support to tlie herring coniponent of SEA (320-T). The data collected 
ul~tlcr this project will be i~lcluded in the SEA Final Report (320). 

A b s t r a c t :  
Observations liave sliowll that Eaglek Bay, Whale Bay, Silllpsoli Bay, and Zaikof Bay in 

Prince Fl'illianl Sound (PFVS) historically have supported large l lu~~lbers  of juvenile Pacific 
Ilerring. Since 199.5 these 4 bays have been the focus of the Sou~ld Ecosysteln Assess~ilel~t 
(SEA)  Herring group (320-T). Hytlrographic surveys and current velocity rileasurelllelits 
f ro~u  October 1995 t,o hlarch 1998 show sigllificant differences in water lliass properties and 
circulation patterns bettveen these 4 bays. The FY98 physical data presented here will be 
coliil)ined wit 11 tlat a fro111 previous years, and correlated with biological measurenlents. S EA4 
I'llysical Oceanograpliy (:32O-II) provided support for SEA Herring in tlie past,  but support 
i l l  FY98 ivas not possible because of scheduled funding cuts. Tliis project provided physical 
support for tlie SEA Ilerring project, and docunlelited pllysical conditio~ls in their third 
allti filial winter san~pling period, October 1997 - hlarch 1998. The goal of this research is 
to iclentify physical factors that influellce tlle survival of juvenile Pacific lierrillg in PC\'S. 

Key Words :  physical oceanography, tenil)erature, salinity, circuIation, Prince Willialll 
Sountl. Eaglek Bay, Sinipson Bay, \.\'hale Bay, Zaikof Bay. 

P r o j e c t  D a t a :  Data types illclude tenlperature, salinity, dissolved osygen, currelit veloc- 
ity. fluorescence. zooplankton, tenlperature logger nioorings, and satellite tracketl tlrifti~ig - - 

I~uoys. all ill ascii format. T l ~ e  custotlia~l of the data  is S. L. Vaughan, Prince LVillia~ll 
Soulit1 Scie~lce Center. P. 0 .  Box 705. C'ordova, Alaska, 99574, 907-424-5800, 907-424-5820 
( f a x ) .  vaugllan clptvssc.gen.ali.us. Tlle data will be available after publication. 

C i t a t ion :  Vauglian. S.L., S.11. Gay. ant1 L.B. Tuttle, 1998: Oceanography of Prince Willianl 
Sountl I~ays and fjords. E X X O I L  I~~1dt:Oil Spill Restoratio~l Project Xllllual Report (Restora- 
ti011 Project 98297). Prince \\:illianl Sound Science C:enter, Cordova, Alaska. 
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Executive Summary 

A main objective of the Sound Ecosystem Assessment (SEA) project is to identify mecha- 
nisms that influence the survival of juvenile Pacific herring in Prince William Sound (PWS). 
The peripheral bays and fjords of PWS are known regions of concentrated Pacific herring 
spawning. Juvenile herring overwinter in these areas before joining adult populations. Four 
locations, Eaglek Bay, Simpson Bay, Whale Bay, and Zaikof Bay, were selected for study. 
Simpson Bay and Zaikof Bay are shallow bays; Whale Bay and Eaglek Bay are fjords. 
Oceanographic surveys were conducted in October 1997 and March 1998 in these 4 areas to  
document seasonal and interannual changes in temperature, salinity, and current velocities. 
Temperature logger moorings provided time series of temperature throughout the winter 
months. Satellite tracked drifting buoys provided information about how larvae in one bay 
(Port Gravina) might spread t o  the central Sound. 

Comparison of these data  with data  from 1995 through 1997, show that  the spatially 
averaged temperature, salinity, and density vertical structure for each region is relatively 
constant over time. The two fjords seem less connected to  the central Sound in March, 
based on water mass properties, suggesting that  they may be isolated during the winter. 
The fjords also show earlier stratification formation, which could lead to an  earlier spring 
bloom and more food for juveniles. 

Both bays and fjords often exhibit warmer surface temperatures a t  the heads than a t  
the mouths. Potential retention mechanisms exist in the form of density fronts and current 
velocity shears. Circulation patterns within each bay are more constant in October than 
March. Current velocities are generally reduced within each bay, or a t  least some portion 
of each bay. Correlations with the fish data will reveal which conditions and structures 
enhance juvenile herring survival. 

The temperature logger mooring time series show that  most changes are related to  
atmospheric cooling events. Some of the deep variability is not linked to  the surface. The 
drifting buoy trajectories showed that  four drifters remained in Port Gravina from May 
to  September, two exited Port Gravina quickly and left the Sound through Hinchinbrook 
Entrance, and three remained in the Gravina/Knowles Head area for one to  two months 
before escaping to  the central Sound 

Introduction 

A main objective of the Sound Ecosystem Assessment (SEA) project is to  identify mecha- 
nisms that  influence the survival of juvenile Pacific herring in Prince William Sound (PWS). 
The peripheral bays and fjords of PWS are known regions of concentrated Pacific herring 
spawning. Juvenile herring overwinter in these areas before joining adult populations. In 
1996, the SEA Herring group (320-T) selected 4 overwintering locations as the focus of their 
study: Eaglek Bay, Simpson Bay, Whale Bay, and Zaikof Bay. Simpson Bay and Zaikof Bay 
are shallow bays; Whale Bay and Eaglek Bay are fjords. Spatially, they represent samples 
of 4 sub-regions of PWS (Figure 1). 

A main objective of the physical oceanography component of SEA (320-M) is to deter- 
mine what physcial factors influence the survival of juvenile Pacific herring. Why do the 
distribution of juveniles vary between bays from year to year, and why do their numbers 



change'! It was hypothesized that  bays or fjords with retention mechanisms, such as density 
fronts or eddies, would support higher juvenile populations than those without. A goal of 
the SEA oceanography component is to identify potential retention mechanisms. Another 
goal is to document seasonal and interannual changes in the water mass properties (tem- 
perature, salinity, and density) and circulation patterns in the 4 nearshore regions. It was 
hypothesized that quality of habitat also influenced the survival of juvenile herring. 

Previous E VOS Work 

From October 1995 to  March 1997, measurements of temperature, salinity, oxygen, cur- 
rent velocity, fluorescence, and zooplankton data  were collected in Whale, Eaglek, Simpson, 
and Zaikof Bays by SEA Physical Oceanography (320-M). Vertical sections of temperature, 
salinity, density, and current velocity were created for each cruise. Horizontal contours of 
temperature, salinity, and density, and horizontal velocity vector plots were also created. 
These hydrographic data  show that unlike most of PWS, Eaglek Bay and Whale Bay (fjords) 
retain their upper layer stratification throughout the year. The fresh, cold suface layer is 
never entirely mixed. In contrast, Simpson Bay and Zaikof Bay resemble the neutrally 
stratified majority of PWS in March. This may mean that  Eaglek Bay and Whale Bay 
are less connected to  the Sound than Simpson Bay and Zaikof Bay. Large differences in 
temperature and salinity exist between bays a t  the same time of year. A temperature and 
salinity (and density) front is present at  the mouth of Zaikof Bay in March 1996, but not 
a t  other bays. No anoxic deep layers were found in any of the bays. 

Vertical sections of horizontal velocity show the currents in these bays to  be extremely 
complex and seasonally variable. Differences exist between the head and the mouth of the 
bay in nearly all cases. Except for Eaglek Bay, the currents a t  10 meters are generally 
weaker a t  the head than a t  the mouth of the bays. A strong current shear exists a t  the 
mouth of Zaikof Bay on both flood and ebb tide. The density fronts and horizontal velocity 
shears could be responsible for the retention of zooplankton and juvenile fish in the bay. An 
anticlyclonic eddy was observed a t  the mouth of Zaikof Bay in October 1996, which could 
also act as a retention mechanism. 

Work in FY98 

The goal of this project is to  extend the nearshore measurements made by SEA Oceang- 
raphy in FY96 and FY97 into FY98. The complete data  set will cover 3 overwintering 
periods from October 1995 to March 1998. Measurements of temperature, salinity, dis- 
solved oxygen, current velocities, and zooplankton densities in October 1997 and March 
1998,were collected for comparison with previous years' data. Fluorescence measurements 
were not collected on these cruises because of instrument malfunctions. To document the 
variability of temperature in each bay as a function of time and depth, 3 temperature logger 
moorings were deployed in each bay. Finally, to  verify the predictions of the larval herring 
drift model being developed under SEA project 320-J, 9 satellite tracked drifting buoys were 
deployed in Port Gravina (a  reliable herring spawning site) and tracked for over 4 months. 



0 b ject ives 

The main objective of this research is to extend the work done by SEA Observational 
Oceanography (320-M) in support of SEA Herring (320-T) into FY98. The overall goal 
of both SEA Oceanography and this project is to identify the dominant plzysical processes 
that  influence Pacific herring production in PWS. Specific goals for FY98 are: 

1. Document the seasonal and interannual changes in water mass properties (temper- 
ature, salinity, and density), and circulation patterns in Eaglek Bay, Simpson Bay, Whale 
Bay, and Zaikof Bay during the final year of the SEA Herring project (FY98). 

2. Correlate fluorescence and zooplankton distributions with water mass properties, and 
current velocity. 

3. Identify physical retention mechanisms (fronts, eddies, etc.) within the bays. 
4. Obtain time series of temperature changes throughout the winter months (October 

1997 to  March 1998) in each bay for use in the herring bioenergetics model. 
5. Provide data  t o  verify the predictions of a larval drift simulation using the numerical 

circulation model developed under SEA project 320-J. 
The only objective not met was the correlation of fluorescence with water mass properties 

and current velocities (task 2). The fluorometer circuit boards were sent to  the manufacturer 
for repair twice, and both times returned inoperable. Work remains to  be done validating 
the larval drift model predictions (task 5). Combining these data  with previous years data, 
and correlating the biological and physical measurements is ongoing. 

Methods 

Oceanographic cruises were conducted in Eaglek Bay, Simpson Bay, Whale Bay, and 
Zaikof Bay in October 1997 and March 1998 as part of a two vessel survey. One vessel col- 
lected the oceangraphic data  presented here, the other collected net samples and performed 
acoustic surveys (under SEA project 320-T). Stations and transects occupied were the same 
as in previous surveys (Vaughan et al, 1997). 

The hydrographic data  was collected using a SeaBird 19.03 CTD. Conductivity, tem- 
perature, and dissolved oxygen as a function of pressure were recorded a t  1 dbar intervals. 
Salinity was calculated from conductivity using standard SeaBird software. The CTD sen- 
sors were calibrated annually by SeaBird Electronics. The CTD salinities and oxygens were 
not calibrated with bottle samples because of minimal annual sensor drift rate. Density was 
calculated from temperature, pressure, and salinity. 

Instantaneous current velocity transects were collected using an RDI 150 kHz broadband 
acoustic Doppler current profiler (ADCP) mounted to  the hull of the survey vessel. In both 
cruises, the vessel hull was constructed of fiberglass, so interference with the ADCP compass 
was minimal. Most transects were in water less than 400 m depth so that  bottom tracking 
was available. The bin length was 4 m for most of the data. The ADCP generally measured 
flows from about 10 m depth to  the bottom. 

On previous cruises, high resolution real-time measurements of temperature, salinity, flu- 
orescence, and zooplankton distributions were made using a Chelsea Instruments Aquashut- 
tle towed from the vessel by a conducting cable. The Aquashuttle consists of a Focal Tech- 
nologies optical plankton counter (OPC),  to  measure zooplankton, and a Chelsea Instru- 



ments Aquapack, which measures temperature, salinity, and fluorescence. The Aquapack 
was under repair during both cruises. To collect simultaneous temperature, salinity, and 
zooplankton measurements, a SeaBird 19 CTD was mounted to the Aquashuttle in place 
of the Aquapack. The modified Aquashuttle was raised and lowered vertically from the 
surface to about 50 meters as it was towed, sampling continuously. 

To provide over-winter temperature times series data  in the 4 bays, temperature logger 
moorings were deployed in October 1997 and retrieved in March 1998. The temperature 
loggers used were StowAway Tidbits manufactured by Onset Computer Corporation. Data  
stored internally during deployment is downloaded optically upon retrieval. The moorings 
consisted of a surface float, a bottom anchor, and 3 temperature loggers at  depths of 5, 25 
and 50 meters. Moorings were placed along the axis of each bay, near the head, middle 
and mouth. All moorings were retrieved successfully except two a t  the head and middle of 
Zaikof Bay, one a t  the head of Whale Bay. 

To provide information about herring larval drift paths, nine WOCE/SVP Lagrangian 
drifting buoys manufactured by Technocean were deployed in Port Gravina in May 1998. 
The deployment schedule was 3 per day, a t  3 locations in the bay, every two days. Locations 
were chosen on the western side of Port Gravina, between the mouth of St. Mathews Bay, 
and Red Head. Deployment times and locations are shown in the table below. 

drifter 
12073 
12068 
12067 
12066 
12071 
12072 
12070 
12069 
12065 

date time 
May 13 1515 
May 13 1530 
May 13 1545 
May 15 1040 
May 15 1100 
May 15 1115 
May 17 1050 
May 17 1103 
May 17 1117 

latitude 
60 39.02' 
60 40.08' 
60 40.99' 
60 39.05' 
60 40.31' 
60 41.07' 
60 39.00' 
60 40.14' 
60 40.97' 

longitude 
146 27.06' 
146 23.97' 
146 20.02' 
146 27.01' 
146 24.00' 
146 20.06' 
146 27.14' 
146 23.85' 
146 19.92' 

The buoys were satellite tracked using the ARGOS system, and were drogued with a 4 
meter long cylindrical canvas 'sock', extending from about 13 meters to  17 meters below the 
surface. The drifters followed currents a t  a mean depth of approximately 15 meters. Port 
Gravina was chosen because of historically large areas of herring spawn. May was chosen 
to  coincide with the appearance of the herring larvae. 

Results 

Water Mass Properties 

Profiles of mean temperature (T), salinity (S), and dissolved oxygen ( 0 )  averaged over 
all stations in each bay in March 1998 and October 1997 are shown in Figure 2. Note the 
different axis. The March mean profiles show that the 2 bays, Simpson and Zaikof, are 
vertically well mixed, similar to  central PWS. The fjords, Whale and Eaglek, have surface 
temperature and salinity stratification down to  about 40 m. Similar structure was observed 
in March 1996 and 1997 (Vaughan et al, 1997, Figures 20-23). This could indicate that  the 



fjords are more isolated from the Sound and from local atmospheric mixing processes in 
March. Early stratification in the fjords may lead to  an early spring phytoplankton bloom 
in those regions. 

In October, the fjords exhibit pronounced temperature layer maximums (Figure 2), 
similar to  December observations in the central Sound. The bays exhibit weak maximums 
or none. Similar structure was observed in October 1995 and 1996 (Vaughan et al, 1997, 
Figures 20-23). In the bays, temperature generally decreases and salinity increases with 
depth. 

Mean T /S  diagrams averaged over all stations in each bay in October 1997 and March 
1998 are shown in Figure 3. The 2 bays (Simpson and Zaikof) have simiar T/S charac- 
teristics in both October and March (Figures 3(b) and (c)). The well mixed condition of 
the bays in March can be seen clearly. In March, the 2 fjords have similar properties (Fig- 
ure 3(d)); the fresher, slightly colder upper mixed layer is apparent. In October, the T /S  
properties of the fjords differ, indicating the influence of local effects. 

To document the spatial variability of temperature, salinity, and density in each bay, 
horizontal contours of properties averaged over 5 t o  10 m were created from the towed CTD 
for October 1997 (Figures 4-6) and March 1998 (Figures 7-9). Note the different contouring 
intervals. In October, surface temperatures were warmer a t  the heads of all 4 bays that  a t  
the mouths (Figure 4). The strongest along axis temperature gradient existed a t  Eaglek 
Bay (Figure 4(a)). The heads of Eaglek Bay and Zaikof Bay were saltier than a t  the mouths 
(Figure 5). The strongest salinity gradient was a t  Eaglek Bay (Figure 5(a)), and weakest a t  
Simpson Bay (Figure (b)). Horizontal density contours (Figure 6) revealed the presence of 
a density front in Eaglek Bay (Figure 6(a)). Density gradients in the other bays in October 
were weak. 

In March, surface temperatures were warmer a t  the heads of Eaglek Bay (Figure 7(a)) 
and Whale Bay (Figure 7(c)). Temperatures in the two bays, Simpson and Zaikof (Fig- 
ures 7(b) and (d)) were nearly uniform. The two bays were also more uniform in salinity 
than the two fjords (Figure 8). Horizontal density gradients are strongest on the western 
side of Eaglek Bay (Figure 9(a)) and at  the mouth of Whale Bay (Figure 8(c)). Density 
gradients in Simpson and Zaikof Bay in March are weak (Figures 9(b) and (d)). 

Circulation 

Velocity vectors from 10 m depth for ebb and flood tides in each bay are shown in 
Figures 10-13. Note the different vector length assignments. On one or both tide stages, 
velocities a t  the mouths of Zaikof Bay (Figure 13), Whale Bay (Figure 12), and Simpson 
Bay in October (Figure l l ( a )  and (b))  are stronger than velocities inside the bays. These 
horizontal velocity shears might contain juvenile fish within the bay. Regions with weak 
flows are found in all bays. Zaikof Bay has the most uniform flow field (Figure 13). 

No ADCP measurements are available from March 1997. Comparison with velocities a t  
10 m from October 1996 and March 1996 (Vaughan et al, 1997, Figures 26 and 27) show 
some simiarities in all bays in October. In March, only Zaikof Bay exhibits similar patterns 
between 1998 and 1996. 



Kenai, into Cook Inlet, past Kodiak Island, and is now in the Alaska Stream south of the 
Aleutians. The other (12070) meandered around Orca Inlet and exited PWS around June 2 
(Figure 23). It traveled southwestward, rounded the southern tip of Montague Island, and 
re-entered PWS through Montague Strait. It stopped by Green Island for a week, rounded 
the north end of Montague Island, exited PWS through Hinchinbrook Entrance again, and 
ran aground near Patton Bay. A fisherman retrieved it and redeployed it south of Perry 
Island. It made an anticyclonic revolution around the island, and traveled to  the western 
side of Port Nellie Juan. 

Of the 3 that  remained in the general area, one (12068) circulated around the Knowles 
Head region, and stopped transmitting prematurely after it approached the tanker lane 
(Figure 21). The second (12066) stopped a t  Knowles Head for about a month before it 
moved to  northern PWS (Figure 19). It came south in a large anticyclonic arc, and spent a 
couple weeks around Smith Island. It went north, east of Naked Island, then south again to 
Middle Point between Rocky and Zaikof Bay, where it may have run aground. It stopped 
transmitting September 7. 

The third drifter (12073) stayed in St. Mathews Bay for about 2 months before exiting 
Port Gravina on July 24 (Figure 26). It traveled diagonally across the Sound to  the northern 
end of Knight Island. It meandered along the eastern side of Knight Island, and gradually 
across to  the western side of Montague Island, where it ran northeastward along the coast 
to  Port Chalmers. 

Discussion 

As shown in previous years' data, differences in temperature, salinity, and current 
veloicty exist between the 4 nearshore regions. Comparison of these data  with data  from 
1995 through 1997, show that  the spatially averaged temperature, salinity, and density ver- 
tical structure for each region is relatively constant over time. The two fjords (Eaglek Bay 
and Whale Bay) seem less connected to the central Sound in March, based on water mass 
properties, suggesting that  they may be isolated during the winter. The fjords also show 
earlier stratification formation, which could lead to  an earlier spring bloom and more food 
for juveniles. 

Both bays and fjords often exhibit warmer surface temperatures a t  the heads than a t  
the mouths. Potential retention mechanisms exist in the form of density fronts (at  Eaglek 
Bay) and current velocity shears (at  Zaikof Bay and Whale Bay). Circulation patterns 
within each bay are more constant in October than March. Current velocities are generally 
reduced within each bay, or a t  least some portion of each bay. Correlations with the fish 
data  will reveal which conditions and structures enhance juvenile herring survival. 

The temperature logger mooring time series show that  most temperature changes are 
related to  atmospheric cooling events. Some of the deep variability (at Simpson and Whale 
Bay) is not linked to the surface. More time series analysis of these temperature records is 
needed to relate temperature changes at  each level to the atmospheric forcing. 

The drifting buoy trajectories showed that 4 drifters remained in Port Gravina from 
May to September. It is possible that  some or all may now be aground. An anticyclonic 
circulation was present in the central Sound. In June 1997, drifter trajectories showed a 
cyclonic circulation was present. Two drifters showed that the upper layer flow a t  Hinch- 



OPC Data 

Particle counts measured by the Optical Plankton Counter (OPC) were very low, av- 
eraging about 15 counts/second, in the bays sampled in October 1997 and March 1998. 
The particles sampled were also very small; most were less than 1 mm equivalent spherical 
diameter (ESD). Particles in this size range could include small zooplankton, chain-forming 
phytoplankton, or other detritus particles. Early stages of calanoid copepods can be found 
in the surface waters in early March, and small calanoid adults can persist into the fall. 
Phytoplankton can be sampled in the surface waters in early March and, given the proper 
oceanographic conditions, on into the fall months, as well. The fluorometer which is nor- 
mally deployed with the OPC was under repair in both October and March, so no direct 
measurements of chlorophyll are available to compare with the OPC particle counts. Such 
a comparison might indicate if patches of slightly higher OPC particle counts in these bays 
were correlated with patches of chlorophyll and, thus, phytoplankton. 0 therwise, the higher 
counts could indicate higher zooplankton abundance. 

Temperature Logger Moorings 

Time series of temperature from all 4 bays from October 1997 to  March 1998 are shown 
in Figures 14-17. Generally, the greatest differences are vertically rather than horizontally. 
Except a t  Zaikof Bay, the 5m records contain more variability than the 50m records (e.g., 
Figure 14(c)). Cooling events a t  5m can be seen in the 25 and 50m records, but the 
magnitudes are less (e.g., Figure 15(a)). The same cooling events can be seen a t  the mouth, 
middle and heads of the bays simultaneously (e.g., Figure 15(a)-(c)). Changes a t  the head 
of Simpson Bay are reduced in magnitude, but since the moorings at  the heads of Zaikof 
and Whale Bay were not recovered, it is not possible to  generalize this finding. The one 
mooring a t  the mouth of Zaikof Bay (Figure 17) shows less temperature variability there 
than in the other bays. 

In the beginning of the 50m records throughout Simpson Bay and Whale Bay, a tem- 
perature increase occurs (Figures 15-16). The increase is not observed in the 5 and 25m 
records, and so is not linked to  local atmospheric forcing. An intrusion of warm, dense or 
salty (at  50m) may have caused the increase. Vertical movement of the isopycnals due t o  
some other mechanism might also be responsible. Since the increase occurs a t  both a bay 
(Simpson) and a fjord (Whale), a mechanism connected to  fjord dynamics is less likely. A 
definite cause to  this deep temperature increase has not yet been identified. 

Drifting Buoy Trajectories 

Trajectories of the satellite tracked drifting buoys are shown in Figures 18-26. Of the 
9 released, 4 stayed in Port Gravina (12067, 12069, 12071, 12072), 2 exited Port Gravina 
quickly and left the Sound through Hinchinbrook Entrance (12065, 12070), and 3 remained 
in the Gravina/Knowles Head area for 1 to  2 months before escaping to the central Sound 
(12066, 12068, 12073). The 4 that  stayed in Port Gravina were forced onshore or up into 
the bays and may have run aground (Figures 20, 22, 24 and 25). 

Of the 2 that  exited quickly, one (12065) made 9 anticyclonic revolutions in the central 
Sound, and exited PWS on June 15 (Figure 18(a)-(d)). It traveled westward past the 



inbrook Entrance in June was southward, as it was in 1997. One drifter went northward 
through Montague Strait, similar to trajectories in 1997. One or more drifters circulated 
in the nearshore regions around Smith Island, Green Island, and Montague Island. One 
drifter traveled west past the Iienai Peninsula, through Shelikof Strait, and into the Gulf 
of Alaska. 
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Figure 2 : T e m p e r a t u r e ,  salinity a n d  d i sso lved  o x y g e n  prof i les  f o r  b a y s  and  fjords. 
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Figure 4: Average temperature from 5 to lOm on flood tide in October 1997 from 

(a) Eaglek Bay, (b) Simpson Bay, (c) Whale Bay, and (d) Zaikof Bay. 



TISID Contours - October 1997 
Average salinity from 5 to 10 m, Flood Tide 
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T/S/D Horizontal Contours - October 1997 
Average salinity from 5 to 10 m. Flood Tide 1 

Figure 5: Average salinity from 5 to 10m on flood tide in October 1997 from 

(a) Eaglek Bay, (b) Simpson Bay, (c) Whale Bay, and (d) Zaikof Bay. 



T/S/D Contours - October 1997 
Average density from 5 to 10 rn, Flood Tide 
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TISID Horizontal Contours - October 1997 
Average density from 5 to 10 m. Flood Tide 1 

Figure 6: Average density from 5 to 1 Om on flood tide in October 1997 from 

(a) Eaglek Bay, (b) Simpson Bay, (c) Whale Bay, and (d) Zaikof Bay. 



T/S/D Contours - October 1998 
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TISlD Horizontal Contours - March 1998 
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Figure 7: Average temperature from 5 to 1 Om on flood tide in March 1998 from 

(a) Eaglek Bay, (b) Simpson Bay, (c) Whale Bay, and (d) Zaikof Bay. 
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TISID Horizontal Contours - March 1998 
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Figure 8: Average salinity from 5 to 1 Om on flood tide in March 1998 from 

(a) Eaglek Bay, (b) Simpson Bay, (c) Whale Bay, and (d) Zaikof Bay. 
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ADCP Current Vectors - October 1997 
Ebb Tide , l o r n  Depth 

a 
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Figure 10: Velocity vectors at 1 Om in Eaglek Bay for (a) ebb tide October 1997, (b) flood tide 

October 1997, (c) ebb tide March 1998, and (d) flood tide March 1998. 



ADCP Current Vectors - March 1998 

Ebb Tide, 10m Depth 

fin' W'N 

ADCP Current Vectors - March 1998 
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ADCP Current Vectors - October 1997 
Ebb Tide 1 10m Depth 

ADCP Current Vectors - October 1997 
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Figure 12: Velocity vectors at 1 Om in Whale Bay for (a) ebb tide October 1997, (b) flood tide 

October 1997, (c) ebb tide March 1998, and (d) flood tide March 1998. 



Figure 13: Velocity vectors at 1 Om in Zaikof Bay for (a) ebb tide October 1997, (b) flood tide 

October 1997, (c) ebb tide March 1998, and (d) flood tide March 1998. 
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Figure 14(b) 
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Figure 1 4 ( c )  
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Figure 1 5 ( a )  
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Figure 1 5 ( b )  

I - -- 
. . - ----- I 

T-- - 

1 1 / 2 5  1 2 / 2 5  0 1 / 2 4  0 2 / 2 3  0 3 / 2 5  
1 0 1 2 6  

SIMPSON M Y  (MID - SM) S I N  1 4 5 7 8 4  
1 9 9 7  

7 -- -- - -7 - -  - -- r- - r---- -- 1 5 4- -- 

1 1 / 2 5  1 2 / 2 5  0 1 / 2 4  0 2 / 2 3  0 3 / 2 5  
1 0 1 2 6  
1 9 9 7  SIMPSON BAY (MID - 25M) S I N  1 4 5 7 8 9  

5  
- 7- --- 7 - 

- 

1 0 / 2 6  1 1 / 2 5  1 2 / 2 5  0 1 / 2 4  0 2 / 2 3  0 3 / 2 5  

1 9 9 7  SIMPSON BAY (MID - 5OM) S I N  1 4 5 7 8 8  



Figure 1 5 ( c )  
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Figure 1 6 ( a )  
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Figure 16(b) 
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Figure 1 8 ( a )  
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Figure 18(b) 
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Figure 1 8 ( c )  
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Figure 1 8 ( d )  

Drifter Track: 65 



Figure 19 
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Figure 2 0  
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Figure 2 1  
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Figure 22 
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Figure 2 3  
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Figure 24  
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Figure 2 5  
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Figure 26 
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