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Study History: Unexpectedly small Prince William Sound pink salmon runs in 1992 and 
1993, and the almost complete collapse of the herring fishery in 1993, prompted the E\'OS 
Trustee Council to  initiate ecosystem-level studies of the region to  investigate possible en- 
vironmental reasons for these disasters. A collaborative effort involving the University of 
Alaska Fairbanks, the Prince IIrillianl Sound Science Center, the Prince \Villiam Sound 
Aquaculture Corporation, and Alaska Department of Fish and Game resulted in the devel- 
opment of a coordinated plan in the fall of 1993. After substantial review. Sound Ecosystenl 
Assessment (SEA) was approved for funding April 11, 1994. .A scope of work for SEA \vas 
projected over 5-8 years a t  that  time. Annual reports tvere issued in 1995 by D. Ii.  Salmon 
entitiled Descriptive Physical Oceanography (project number 94320-M), and in 1996 by S. L 
Vaughan entitiled Observational Physical Ocea~logra~lly in Prince William Sound and the 
Gulf of Alaska (project number 95320-hi), both as chapter contributions to the single com- 
piled report of all SEA FY94 and FY95 projects. Project results tvere presented in 1996 at  
one professional meeting (Vaughan, S.L. and D.K. Salmon, 1996: The Cpper Layer Den- 
sity Structure at  the Entrance to Prince William Sound. Presented a t  the AGU Ocean 
Sciences Sleeting, San Diego, CA). A journal article was submitted for publication in 1996 
(Gay, S.M., 1996: Seasonal Changes in Hydrography of Embayments and Fjords of Prince 
William Sound, Alaska during Spring and Summer 1994, Fall 1995, and Late P\'inter 1996. 
In IAPSO Conference Proceedings). 

Abstract: Hydrographic surveys and current velocity illeasurements in 1994 through 1996 
show significant seasonal and interannual variability in water Inass properties and circulation 
patterns in Prince William Sound (PII'S). Cruises rvere conducted in April, June, Septem- 
ber, and December 1996. Conditions are coldest and saltiest in April, and warmest and 
freshest in September. The upper 20 meter layer was warmer and saltier in 1996 than 1995. 
In April 1996. a small anticyclonic circulation seemed to  form a t  Hinchinbrook Entrance. 
Outflow a t  Montague Straight is confined to a small surface jet in April. In June 1996, deep 
inflow appears to be present a t  Hinchinbrook Entrance. June outflow a t  hlontague Straight 
is generally weak. In September a t  Montague Straight, the flow was southwestward except 
for a shallow layer of surface inflow. A cyclonic circulation in the central Sound appears 
in September of all years. In December a t  Hinchinbrook Entrance, there was inflow in the 
upper 150 m and outflow below. Physical data  (temperature, salinity, density, and current 
velocity) will be correlated with phytoplankton, zooplankton, and nekton distibution and 
abundance. These data  will also be incorporated into a numerical circulation model. The 
goal of this project is to  identify physical factors that control the production of pink salmon 
and Pacific herring in PWS. 
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Executive Suininary 

Large scale hydrographic cruises were conducted in PWS in spring. summer, and fall 
~non ths  of 1994, 1995. and 1996. One winter cruise was conducted in 1996. lleasurements 
of tenlperature ( T ) ,  salinity (S),  osygen, current velocities, fluourescence, ~ lu t r i e~ l t  content. 
phytoplankton abundance, and zooplallkton abulldance were collected on nearly all cruises. 
Seasonal means of temperature and salinity were created and compared to the numerical 
model predictions. Dynamic height contours were created and used to  infer the general 
circulation patterns. Profiles and vertical section contours were used t o  show the appearence 
of upper level stratification in the spring of each year, and differences in tlle deepening of 
the mixed layer. T /S  diagrams v;ere used to identify different water masses. and identify 
regions of mising. 

Horizontal current vectors calculated from towed acoustic Doppler current profiles (XDCP)  
measurements were plotted for each cruise at  various depths. In 1996, repeat XDCP tran- 
sects during periods of nlasinlu~n flood and masimum ebb tide were made a t  critical trans- 
port regions in Hinchinbrook Entrance, llontague Straight, and Knight Island Passage. 
Velocities were averaged over both tide stages to remove the tidal contribution. Vertical 
sections of ~lor t l~/south  and eastlwest velocities were created for each cruise. 

To capture the physical processes that  affect juvenile Pacific herring, n~easurements were 
taken on several nearshore research cruises conducted by tlle SEA herring project (320-T). 
Temperature. salinity, osygen, current velocity, fluourescence, and zooplankton data  were 
collected in several bays and fjords around PLVS starting in October 1995. In 1996, the 
number of bays was reduced to 4: \Vhale Bay, Eaglek Bay, Simpson Bay, and Zailiof Bay. 
Vertical sections of tenlperature. salinity, density, and current velocity were created for each 
cruise. Horizontal col~tours of temperature, salinity, and density, and llorizontal velocity 
vector plots were also created. 

Througllout 1996. the upper 20 meter layer was both warmer and saltier than in 199.5. 
Maximum differences occured in fall. The fall 1996 T / S  properties were similar to fall 
1994 (both warmer and saltier than 1995). Deeper layers showed less variability. The 
dynamic heights suggest that in 1996, the Sound was subject to  greater flushing than in 
1995. Dynamic height contours also reveal the existance of a closed cyclonic circulation in 
the fall of all three years. Vertical T / S  sections show upper layer stratification in the spring 
of 1996, not present in spring of 1995. The water mass properties a t  Hinchinbrook Entrance 
are dependent on tide stage, resembling Gulf of Alaska (GOA) water during flood tide, and 
central Sound water during ebb tide. 

The current velocity vector plots show that velocities a t  100 meters were not ~legligable as 
assumed in previous work, but could be significant and opposite in direction to  surface flows. 
Velocity sections in 1996 show weak flow below 20 meters in northern Montague Straight, 
previously thought to be a region of strong outflow. Sections averaged over both stages of 
the tide in 1996 show significant seasonal differences. In April the flow on the western side 
of Hinchinbrook Entrance was northward, while the flow on the east side was southward. 
This is consistant with the circulation of an anticyclonic eddy. Dynamic height contours 
suggest an anticyclonic eddy located in Hinchinbrook Entrance in April 1996. In June, a 
strong northward flow is present near the bottom at  Hi~lchinbrook Entrance. In southern 
Montague Straight, the April averaged repeat sectiolls show an intense southwestwasd jet 
down to about 50 meters 011 the western side. 111 June, tlle flow is more uniform. In 



September, the mean flow in Montague Straight is actually northward in the upper 30 
meter layer. and southwestward below. In December at  Hinchinbrook Entrance the mean 
flow is northward in the upper 150 meters, and southward below. 

The  nearshore oceanographic da ta  from the bays in PWS is just now starting to  be 
compiled. Evidences of density ffonts exist, along with horizontal current velocity shear. 
Large differences in temperature and salinity esist between bays at  the same time of year. 
Vertical sections of velocity show the currents in these bays to be extremely comples and 
seasonally variable. Differences esist between the head and the mouth of the bay in nearly 
all cases. S o  anoxic deep layers were found. 

I n t r o d u c t i o n  

The  Sound Ecosystem -4ssessment (SEA) is aimed at  identifying the primary factors 
that  control the production of pink salmon and Pacific herring in Prince William Sound 
(PWS).  -4 main hypothesis of SEA is that  physical conditions, such as ocean temperature 
and salinity, current velocities, and atmospheric forcing, primarily determine the survival 
of embryos and juvenile fish. Processes that  control the pllysical environment include tidal 
motions. wind stress, seasonal heating and cooling, precipitation, riverlglacial runoff, inflow 
and outflow of Gulf of Alaska (GOA) water, and longer term events like El Nino and the 
Southern Oscillation (ENSO). Time scales of these processes range from hours t o  decades, 
and space scales range from tens of meters to O(100 km). The purpose of this research is 
to  identify the dominant physical processes that  influence the distribution and abundance 
of pink salmon and Pacific herring in PIVS. 

Background 

A great deal of work has been done on the GO.4 and the .Alasl<a Coastal Current (ACC) 
since the 1970s. The seasonal variations of quantities such as dynamic height, baroclinic 
geostrophic transport, wind forcing, freshwater discharge, and coastal upwelling, have been 
described (e.g. Royer and Emery, 1987; Johnson et  al, 1988; Royer, 1981a,b; Royer, 1979; 
Royer et  al, 1990). Only one manuscript has been published dedicated to  the physical 
oceanography of PWS (Niebauer et  a1 (1994)). They focused on two periods: 1977-1979, 
and 1989, after the Exxon-Valdez oil spill. Hydrographic data  were used to  created dynamic 
topographies (0/100 meter). Monthly means of baroclinic geostrophic transport (relative t o  
100 m)  were calculated a t  Hinchinbrook Entrance and Montague Straight. Current meter 
moorings deployed over 15 months from 1977 to  1979 in both Hinchinbrook Entrance and 
Montague Straight collected data  from 4 or 5 depths. Current velocity shears (20 meter 
values minus 100 meter values) from acoustic Doppler current profiler (ADCP) transects 
made in 1989 were also presented. Based on estimates of transports in various pressure 
layers, and estimates of the total volume of the layer, Niebauer et a1 (1994) made estimates 
of flushing rates of PWS. They concluded that  about 40% of PWS was flushed from May 
through September, and that the Sound was flushed two to four times from October to  
April. 



Previous EVOS li'ork (F Y94 und F Y95) 

Work in this and previous years has focused on seasonal and interannual variability. 
Large scale hydrographic cruises ivere conducted in PJVS in spring, surnmer. and fall months 
of 1994. and 1995. Measurenlellts of temperature ( T ) ,  salinity (S), oxygen, current veloc- 
ities, and fluourescence were made with simultaneous measurements of nutrient content, 
phytoplankton abundance, and zooplankton abundance. Seasonal means of temperature 
and salinity were created and compared to the numerical model predictions. Dynamic 
height contours were created and used to infer the general circulation patterns. Profiles 
and vertical section contours were used to show the appearence of upper level stratification 
in the spring of each year, and differences in the deepening of the mixed layer. Profiles 
and vertical section contours also showed the presence of a temperature minimum layer in 
spring, and the errosion of this layer in summer and fall. T / S  diagrams were used t o  identify 
different water masses, and identify regions of mixing. Horizontal current vectors calculated 
from towed acoustic Doppler current profiler (ADCP) measurements were plotted for each 
cruise a t  various depths, and used to calculate the baroclinic component of the velocity. 

In addition to  tlle large scale hydrographic cruises. an  ADCP mooring was deployed in 
Hinchinbrook Entrance from June 1995 to October 1995. Spectral analysis revealed a weak 
diurnal tidal component to  the deep flow in addition to the strong semi-diurnal component 
present throughout the water column. Velocities filtered to  remove tlle tidal component 
showed outflow fro111 near the surface to about 120 meters depth, and inflow below. 

The large scale circulation patterns and water mass properties of PWS in spring, sum- 
mer, fall. and winter of 1996 are described in this report. Basill scale hydrographic surveys, 
and ADCP transects were conducted on four cruises in 1996. An upward looking ADCP 
mooring was deployed in Hinchinbrook Entrance to collect current velocity data. Two satel- 
lite tracked drifting buoys were released to track upper layer currents. These data  are used 
to  describe the seasonal evolution of the water mass properties (temperature, salinity, and 
density) and general circulation of PWS. 

Objectives 

The  fundamental premise of the SEA research program in Prince William Sound is 
that  information describing how ecosystem-level processes control the production of pink 
salmon and Pacific herring is needed to effect an informed restoration of non-recovering 
species. The  main objective of the Observational Physical Oceanography program is t o  
identify the dominant physical processes (tides, storms, seasonal heating, exchange with 
the GOA, etc.) tha t  influence pink salmon and Pacific herring production in PWS. Specific 
goals for FY96 listed in the FY96 DPD were: 

1. Determine the seasonal and interannual variability of the large scale (O(50 km)) 
water mass properties (temperature, salinity, and potential density) of PIVS. 

2. Document the current velocities and transport through Hinchinbrook Entrance as a 
function of time and depth. 



3. Docunlent the current velocities and transport through Hinchinbrook Entrance and 
Montague Straight as a function of horizontal distance, and depth. 

4. Docunlent tlle variability of the large scale meteorological variables (atmospheric 
pressure, air temperature, wind speed, wind velocity, etc.). 

5. Document mesoscale structures (<O(lOkm)), such as eddies and density fronts, and 
correlate with zooplankton and nekton distributions in P\\'S. 

6. Document small scale structures (O(1km)) in the nearshore regions and correlate 
with fish distributions. 

7. Characterize the herring overwintering environment. 
8. Use large scale physical oceanographic nleasurements (hydrographic and current 

velocity) and meteorological data  to characterize 'river' and 'lake' conditions. 
9. Provide the large scale physical oceanographic data to validate the numerical circu- 

lation model, and later for assin~ilatio~l into tlle model. 
10. Use the model results to identify critical regions and time periods for data  collection. 
Nearly all of these objectives were met. Objectives that  ivere not met, or only partially 

met are noted below. it'ork remains to be done correlating the biological and physical data, 
especially in the nearshore regions (tasks 5 .  6 .  and 7) .  Slodel validation and llypothesis 
testing (8, 9 )  is ongoing. Identifying critical times and regions for data  collectio~l (10) is 
partially completed. 

M e t h o d s  

Large scale oceanographic cruises were conducted in .April, June, September, and De- 
cember of 1996. Station locations and transects for each cruise are shown in Figure 1 (a)-(d). 
Samples collected at each station for each cruise are in Tables 1-4. The cruise dates are 
listed below. 

April 15 - 21 
June 15 - 21 
September 10 - 16 
December 5 - 11 

The hydrographic da ta  was collected using a SeaBird 911 CTD. Conductivity, temper- 
ature, and oxygen as a function of pressure were recorded a t  1 dbar intervals. Salinity 
was calculated from conductivity using standard SeaBird software. The CTD sensors were 
calibrated annually by SeaBird Electronics. The CTD salinities and oxygens were not cal- 
ibrated with bottle samples because of minimal annual sensor drift rate. In December, 
XCTDs (expendable CTDs) were used when conditions were too rough to use the CTD. 
Potential 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) deployed from the stern of the ship in a towed 
body. Most transects were in water less than 400 m depth so that  bottom tracking was 
available. The bin length was 8 m for most of the data. The ADCP generally measured 
flows from about 20 m depth to  the bottom. 

To calculate a coarse approximation of the mean flow without the tidal component, 
repeat ADCP transects were made during periods of masimum flood and masimum ebb 



tide a t  critical transport regions in Hinchinbrook Entrance, hlontague Straight, and I<niglzt 
Island Passage. The tidal component was assumed to be barotropic. Mean velocities \vere 
calculated by averaging over both tide stages. Vertical sections of nor th /sout l~  and east/west 
velocities were created for each cruise. 

A time series of current velocities as a functio~l of depth will be obtained from an upward 
looking ADCP mooring (RDI 150 kHz broadband) deployed in Hinchinbrook Entrance in 
September 1996. Lrelocities are recorded every 30 minutes using an 8 m bin length. The 
mooring is scheduled for retrieval in May 1997. Data from this mooring will not be presented 
in this report. 

During the ~nooring deployment. 4 bottom pressure gauges were deployed in Hinchin- 
brook Entrance. Pressure gradients across the Entrance may be used to  calculate coarse 
estimates of the transport through the Entrance. Bottoln pressure gauges could be a cost 
effective monitoring tool if velocities calculated from the pressure differences agree with the 
-1DCP velocities. The pressure gauges were retrieved in hilarch 1997, but the da ta  have not 
been analyzed at  the time of this report. Pressure gauge data  will not be presented in this 
report. 

Two satelite tracked ARGOS drifting buoys were deployed in Hinchinbrook Entrance in 
August 1996. The buoys were drogued with an approximately G meter long canvas 'sock', 
extending from about 12 meters to 18 meters below the surface. The drifters fo:lowed 
currents at  roughly 15 meters. The position of the drifters were tracked by a satellite 
(ARGOS) and transmitted to the lab. 

Meteorological data  from C - M A S  stations in PWS is available from the National Data 
Buoy Center (NDBC). Tlle stations are located at  Bligh Reef, Potato Point, Seal Rocks, and 
Mid-Sound (in the central Sound). \Vind speed, wind direction, wave height, barometric 
pressure, air temperature, water temperature, dew point temperature, and visibility are 
measured every 30 minutes. The buoys became operational in Allay 1995, and have collected 
~nostly u~linteruped data  since then. 

To capture the physical processes that affect juvenile Pacific herring, measuremellts were 
taken on several nearshore research cruises conducted by the SEA herring project (320-T). 
Temperature, salinity, oxygen, current velocity, fluourescence, and zooplankton data  were 
collected in several bays and fjords around PWS starting in October 1995. 111 1996, the 
number of bays was reduced to 4: Whale Bay, Eaglek Bay, Simpson Bay, and Zaikof Bay. 
Cruises took place in March, July, August, October, and November. Vertical profiles and 
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. 

To relate temperature and salinity to zooplankton distributions and fluorescence in 
mesoscale and small scale features, a combined instrument designed by Chelsea Instru- 
ments called an Aquaslzuttle was towed from the ship on both the large scale cruises and 
the nearshore herring cruises. The Aquashuttle consists of a Focal Technologies optical 
plankton counter (OPC), to measure zooplankton, and a Chelsea Instruments Aquapack, 
which measures temperature, salinity, and fluorescence. The Aquashuttle is raised and low- 
ered vertically from the surface to  about 50 meters as it is towed, sampling continuously. 



Results 

Large Scale Il'c~ter  lass Properties 

Temperature, salinity, and potential density collected at  the stations listed in Tables 1-4, 
were averaged over depth layers of roughly 20 meters, and contoured using G M T  Version 3 
programs (L\.'essel and Smith. 1995). The upper 'LO meter mean temperatures for each cruise 
are shown in Figure 2(a)-(d). Mean salinities are in Figure 3(a)-(d),  and mean potential 
densities are in Figure 4(a)-(d).  

The  upper 20 meter layer is coldest and saltiest in April. September is the warmest and 
freshest month. Temperature, salinity, and potential density are fairly uniform in the upper 
20 meters in April. In June. a cold, salty, dense layer is centered just north of Montague 
Island. Fresher, warmer water is present a t  the nortllern and eastern periphery of the Sound. 
Large gradients in temperature and salinity are present. In September, a dome of colder, 
saltier water appears in the central Sound. Large salinity gradients exist, but temperature 
is fairly uniform. In December, both temperature and salinity are more uniform, but not 
as cold and salty as in April. 

Figure 5 shows a time series of the upper 20 meter mean temperatures and salinities 
averaged over all stations for each cruise in 1995 and 1996. The upper layer in 1996 was 
both warmer and saltier than in 1995. The differences are slight in April, but by September 
the mean temperatures differ by about 1.G0C. and salinities by about 1.8. 

Vertical sections (0 to 100 m) of temperature, salinity, and potential density, from a 
nor th/sout l~  transect of the central Sound are shown for April, June, and September 1996 
in Figures 6, 7, and 8. In April (Figure 6)  a temperature minimum layer is centered a t  about 
40 m. This layer was present tllrougllout the Sound i11 April 1996, in various thicknesses and 
horizo~ltal estent. A weak horizontal density front is present in April, separating fresher 
surface waters to the north of about NS-l (see Figure 1) from the well mixed southern half. 
In June (Figure 7 ) ,  a doming of the deeper isopycnals is present, along with a density front 
a t  the surface. The sloping of the isopycnals is consistant with cyclonic circulation north 
of about CS12. By September (Figure 8), a llomogeneous surface temperature layer has 
formed. The outcroping of the isopycnals is consistant with cyclonic circulation centered a t  
about NS4. 

The  deepening of the mixed layer, and the appearance of vertical stratification with time 
is shov~n for one station in the central Sound (NS4) in Figure 9. During the winter and early 
spring months (December through April), the Sound is vertically homogeneous. December is 
very weakly stratified. By June a shallow mixed layer has formed. Stratification is maximum 
in September. The step patterns in the June and September profiles are remnants of mixing 
events. 

Dynamic heights (0/100 m) for April, June, and September 1996 are shown in Fig- 
ure 10(a)-(c). Dynamic heights contours indicate the sense and relative strength of the 
geostrophic current shear from 100 m to  the surface. If velocities a t  100 m are weak, the 
dynamic heights represent the sense and relative strength of the geostrophic current a t  the 
surface. Gradients are weak in April, but some suggestio~l of an anticyclonic circulation a t  
Hinchinbrook Entrance is present (Figure 10(a)). In June, a pattern consistant with a basin 
scale cyclonic circulation appears, with inflow a t  Hinchi~lbrook Entrance and weak outflow 
a t  Montague Straight (Figure 10(b)). In September, strong inflow in Hinchinbrook E~ltrallce 



is suggested. with a smaller, weaker cyclonic circulation in the central basin (Figure 10(c)) .  
The contours in September sllo\v \veak or no outflow a t  lfontague Straight. 

Large Scclle Cii.culation 

Actual current velocities were measured by a towed, downward looking 150 kHz ADCP. 
Velocity vectors a t  the 20 m level and the 100 ni level for April, June, September, and 
December 1996 are shown in Figures 11-14. Only velocities calculated using bottom tracking 
are included. Tides have not been removed from these velocities. Interpretation of these 
figures is complicated by the tidal contribution. especially a t  Hinchinbrook Entrance and 
lower Montague Straight. 

In the central Sound and in Hinchinbrook Entrance. the April (Figure 11) velocities 
are weaker a t  depth, but generally in the same direction as those at  20 m. The strongest 
velocities a t  both dept 11s are at  and just inside Hinchinbrook Entrance. Some suggestion 
of cyclonic curvature is present in the northern Sound. In June (Figure 12), except a t  
Hinchinbrook Entrance and lower Rlontague Straight. velocities a t  100 m are very weak. A 
current reversal is present along the nort l~/south GOA transect. The flow in the central 
Sound a t  20 nl is generally northward. In September (Figure 13), the deep velocities in 
the central Sound are weak. Flow at  Hinchinbrook Entrance and hlontague Straight are 
still dominated by tides. A weak cyclonic circulation is present in the central S o ~ ~ l d  a t  20 
m. Flow in Iinight Island Passage is nortl~ward a t  both depths. In December (Figure 14), 
the inflow a t  Hinchinbrook Entrance is very strong. At least part of the outflow in lower 
Montague straight comes from Iinight Island Passage. The flow in the western half of the 
central Sound is mostly barotropic and to the \vest. These velocities require more careful 
analysis to  separate tides from the mean flow. 

The tidal contribution was removed at  several locations in the Sound by averaging 
sections fro111 repeat ADC'P transects made during nlasilnum flood and nlasinlunl ebb tide. 
Sections of meail north and east velocities, ~vithout the tidal component, from Hinchinbrook 
Entrance in April and December are shown in Figures 15(a) and (c). Velocity sections from 
the ebb tide only in June are shown in Figure 15(b) (no flood tide transect was made in 
June). No repeat transects were made in Hinchinbrook Entrance in September. Sections of 
mean north and east velocities from lower Montague Straight in April, June, and September 
are shown in Figures lG(a)-(c). Velocity sections from the ebb tide only in December are 
shown in Figure 1G(d) (no flood tide transect was made in December). The sections for 
Hinchinbrook Entrance were from stations HE13 t o  HE11, and from stations SEA31 to  
SEA33 for the Montague Straight sections (see Figure 1). 

At Hinchinbrook Entrance in April, the mean flow above about 100 m was northeastward 
on the western side of the Entrance, and southeastward on the eastern side (Figure 15(a)). 
This pattern is consistant with the circulation of an  anticyclonic eddy centered just south 
of the transect line. The June velocities (Figure 15(b)) from the ebb tide only were mostly 
southwestward except near the bottom. The weaker southward flow near the bottom (and 
the stronger eastward component) on an ebb tide suggests that the deep mean flow is 
northward or into the Sound in June. The mean velocities in December (Figure 15(c)) show 
a nortliwestward upper layer flow (above 100 to  150 m), overlying a deep soutllwestward 
flow. The  velocities are more uniform horizontally across the Entrance in December than 
in April and June. Magitudes are greater in December than in April. 



At hiIontague Straight in .April, a strong soutl~westward jet ivas present on the westward 
side of tile Straight (Figure lG(a)). Velocities were weak elseivhere. By June, the jet had 
disappeared (Figure 16(b)) .  Velocities were weak southwestward everywhere, except for 
a shallow surface layer of northeastward flow. By September. the shallow northeastward 
surface layer had deepened and intensified (Figure lG(c)). Flow in the deeper layers was 
southward. The ebb tide velocities in December are southwestivard everywhere except for a 
mid-depth northwestward flowing layer (Figure lG(d)). Southward velocities are intensified 
a t  the surface. The appearance of a northward flow during an ebb tide, and a weaker 
southward flow a t  depth could mean that the mean deep transport in Montague Straight 
in December is very weak outflow or perhaps inflow. 

An attempt to  document the large scale circulation of P\.\.'S using satellite tracked 
drifting buoys was made in August 1996. Two ARGOS tracked drogued drifters were 
released just inside Hincl~inbrook Entrance, off Bear Cape, on August 2. The mean depth 
of the drogues was 15 m. Both drifters flowed north for about 2 days, then turned southward 
and exited the Sound on August 5. One drifter (25651) stopped transmitting soon afterward. 
Part of the path of the second drifter (25652) is shown in Figure 17. The drifter flowed south, 
then west past Montague Straight and Resurrection Bay. It finally stopped transmitting 
just east of Cook Inlet. 

Meteorological Data 

'Cliind speeds from the NDBC C - M A N  Mid-Sound buoy for April, June, September, and 
December 1996, are sho\vn in Figure lS(a)-(d). The julian llours for each cruise based on 
midnight of the first day of each month are listed below. 

April: 336-504 
June: 336-504 
September: 216-384 
December: 96-264 

Except for December. the mid-Sound winds were light to moderate during all cruises. 
Winds during the April and June cruises were generally 5 m/s or less, which may account for 
the formation of surface stratification in those months (see Figures 6 and 7). In September, 
with sustained wind of around 10 m/s, a shallow surface mixed layer appeared (Figure 8). 
During the December cruise, periods of 10 - 15 m/s winds were not uncommon. 

Nearshore Bay and Fjord Water  Ailass Properties and Circulation 

Hydrographic measurements were made for 4 nearshore areas in March, July, August, 
October, and November 1996. Current velocity measurements were made in March, August, 
and October. Two areas, Whale Bay and Eaglek Bay, are fjords, and two, Simpson Bay and 
Zaikof Bay, are bays. Station locations are shown in Figures 19(a)-(d). To demonstrate the 
seasonal evolution of the water mass properties, temperature and salinity were averaged a t  
each depth over the entire bay for each cruise. Profiles are shown in Figures 20 - 23. Unlike 
most of PWS, Eaglek Bay and Whale Bay (both fjords) retain their upper layer stratification 
throughout the year (Figures 20 and 21). In March, the stratification is weakened, but still 
present. The fresh. cold suface layer is never entirely mixed. Temperature ~ n a x i ~ n u ~ i l  layers 



exist in the fjords in October and Sovember. I11 contrast, Sinlpson Bay and Zaikof Bay 
(both  bays) resemble the neutrally stratified majority of PWS in Slarch (Figures 22 and 
23). In October and November, Zaikof Bay is more tl~oroughly mixed than Simpson Bay. 

Differences in Slarch temperatures and salinities for a given bay between 1995 and 1996 
were slight. Differences in October temperatures and salinities were also slight in all bays 
except Whale Bay. In October 1995, the upper 20 m of Whale Bay was both colder and 
fresher than in October 1996. 

Magnitudes of temperature and salinity vary greatly between the bays and fjords. Fig- 
ures 24 and 25 show mean hIarc11 temperatures and salinities averaged over the upper 10 in 
for each of the 4 bays. Simpson Bay is the warmest, followed by Zaikof and i\-hale (Figure 
24). Eaglek Bay is tlle coldest in this layer. Zaikof Bay is the saltiest, followed by Simp- 
son and Eaglek (Figure 25). \\'lisle Bay is tlle freshest. A temperature and salinity (and 
density) front is present at  the ~lloutll of Zaikof Bay (Figures 24(d) and 25(d))  in March 
1996. 

Current velocity vectors at  the 10 nl level for a flood tide in Alarch and an ebb tide 
in October 1996 are shown in Figures 26 and 27 for each bay. Except for Eaglek Bay, the 
currents are generally weaker a t  the head than at  the mouth of the bays. The currents a t  
the mouths of the bays have a strong tidal component, especially Simpson and Zaikof Bay. 
The flow a t  the mouth of II'hale Bay even during ebb tide is inward (Figures 27(b)) .  X 
strong current shear exists at  the mouth of Zaikof Bay on both tides. These features a t  
the mouths of the bays could be responsible for the retention of zooplankton and juvenile 
fish in the bay. .An a~lticlyclo~lic eddy is present a t  the mouth of Zaikof Bay in October 
(Figure 27(d)), wllicll could also act as a retention mecl~anism. These hydrographic features 
and circulation patterns will be compared to zooplankton and juvenile fish distribution and 
abundance (SEA project 320-T). 

OPC and Aquc~pclck Data 

Results from a west to east transect in Orca Bay in May 1996 are shown in Figure 
28(a)-(e). The transect starts a t  60.58 N ,  146.41 W and runs roughly 9 nm east to 60.58 
N,  146.13 W.  Temperature, salinity, and fluorescence (Figures 28(a)-(c)) were measured by 
the Aquapack. Total particles and Neocalanus-sized particles (Figures 28(d) and (e)) were 
measured by the OPC. Neocalaizus spp copepods are a main food source for planktivorous 
fishes in PWS. 

Figure 28(a) shows a deep (20 m) warm layer toward the western side (left side of Figure 
28) of the transect, and a thermocline that  rises from 20 m to about 10 m on the eastern 
side of the transect. Also in the eastern portion of the transect is a shallow low salinity 
layer (Figures 28(b)). The transect passes through a horizontal density front, going from a 
well mixed region in the west to a vertically stratified region in the east. 

Figure 28(c) shows a layer of high fluorescence, or chlorophyll content, near the thermo- 
cline. The  layer follows the thermocline, shoaling and becoming more concentrated going 
from west to east. The OPC total particle count Figure 28(d) has a similar pattern. Parti- 
cles were deeper in the west, then shallower and more concentrated in the east. Total counts 
includes all size ranges, and probably includes some phytoplartkton in addition to  zooplank- 
ton. Areocalanus-sized counts (particles with equivalent spherical diameters between 1 and 
4 mm)  are also concentrated near the cl~loropl~yll maximum (Figure 2S(e)). 



Discussion 

The dynamic height (0/100m) contours fro111 June 1996 (Figure 10(b)) are similar in 
pattern and magnitude to those calculated by Xiebauer et a1 (1994) for June 1976. The 
Niebauer et a1 results suggested northward flow in June also. Values in 1976 ranged from 
325 - 350 dyn-cm. Values in 1996 ranged from 310 to 340 dyn-cm. The September 1996 
dynamic heights ivere loiver than those found Siebauer et a1 in September 1978. Values 
ranged from 380 - 420 dyn-cm in 1996, and fro111 420 - 450 dyn-cm in 1978. Dynamic 
heigllts fro111 September 1995 were more similar to those in 1978. Values fro111 Septmeber 
1995 ranged from 420 -460 d.n-cm. The contours in September of all 3 years (1996, 1995, 
and 1978 ) suggested cyclonic circulation. 

Tlle dynamic height contours may be compared with the ADCP velocities even though 
the dynamic heights represent flow at  tlle surface. and the most shallo~v ADCP velocity 
depth is 20 m. The dynamic heigllt contours from April 1996 suggested an anticyclonic 
circulation at  Hinchinbrook Entrance, and a weak outflow througll hfontague Straight (Fig- 
ure 10(a)). Mean velocities (without tides) from repeat ADCP transects a t  Hinchinbrook 
Entrance (Figure 15(a))  [vere consistent with an anticyclonic circulation there. Mean ve- 
locities (without tides) from repeat ADCP transects at  h4ontague Straight (Figure lG(a)) 
showed the presence of a shallow, narrow south\iard jet, wit11 weaker velocities throughout 
most of the section. 

The temperature minimum layer (T < 4°C) present in April 1996 (Figure 6) was also 
present in April and May 1995, and to  a lesser extend in June 1995. The layer was not 
present in June 1996. In llarch 1995. a cold layer with T < 4°C estended from the surface 
down to  about 200 111. 

In June 1996, vertical sections of potential density (Figure 7 )  suggested a cyclonic circu- 
lation in the central Sound. Dynamic height contours in June (Figure 10(b)) also indicated 
the presence of a cyclonic circulation. Figure 10(b) also illdjcated strong inflow a t  Hinch- 
inbrook Entrance and weak outflow a t  llontague Straight. The towed ADCP velocities a t  
20 m showed strong northward flow on the eastern side of tlle central basin (Figure 12). 
Weak outflow a t  hlontague Straight was confirmed by the mean ADCP velocities (Figure 
lG(b)) in June. In April through June 1978, Xiebauer et a1 (1994) found the 30 meter flow 
a t  Montague Straight to be light and variable. 

In June 1994 and 1995, dynamic heights did not indicate strong inflow a t  Hinchinbrook 
Entrance, or the existance of a cyclonic circulation. The dynamic height gradients were 
weak everywhere. The July 1994 dynamic heights did show northward flow in the central 
Sound. 

The ARGOS satellite tracked drifting buoy released in August 1996, showed tha t  the 
currents near Hinchinbrook Entrance in the 12 to  18 m depth range were southward. South- 
ward flow a t  Hinchinbrook Entrance in August is consistant with the moored ADCP mea- 
surements in the summer of 1995, and with the measurements of Niebauer et  a1 in summer 
1978. Weak, often southward upper layer flow was found to  overlie a strong northward deep 
flow (Niebauer et al, 1994). 

In September 1996, vertical sections of potential density (Figure 8) suggested a weak 
cyclonic circulation in the central Sound. Dynalllic height contours in September (Figure 
10(c)) also indicated tke presence of a weak cyclonic circulation, as did ADCP velocities 
a t  20 nl (Figure 13). The September 1994 and 1995 dvnamic heights showed well defined 



cyclonic circulations in central PLVS. 
The 1996 dynanlic heigllts sllo\ved strong inflow at  Hinchinbrook Entrance in September. 

No mean ADCP velocities (without tides) were obtained for September, but the December 
mean ADCP velocity sections (Figure 15(c))  showed strong inflow above about 100 m. In 
September and Decenlber 1978, Xiebauer et a1 (1994) found strong upper layer inflow (above 
100m) a t  Hinchinbrook Entrance, overlying weak and variable deep flow. 

hilean XDCP velocities a t  hqontague Straight in September 1996 showed a shallow sur- 
face inflow overlying a deeper outflow. Niebauer et a1 ( 1993) found a similar pattern a t  
Montague Straight in August and Septe~nber 1978. The flow at  301n was northeastward. 
and soutl~westward below. 

The observation that  Eaglek Bay and Whale bay (both fjords) retain their upper layer 
stratification in hlarch, while the nlajority of the Sound is l~omogeneous, may nlean that  
these regions are less connected to the Sound than bays such as Simpson and Zaikof. Differ- 
ences in temperature and salinity exist between the 4 bays in 1996, but differences between 
1995 and 1996 for a single bay ivere small. Some evidence of potential retentio~l mecha- 
nis~ns (fronts, eddies) exist, but these features need to be correlated with fish data  before 
any conclusions call be made. 

Conclusions 

Cor~c lus io~~s  are listed for each of the objectives listed previously. 
1. Seasonal and interannual differences in the large scale water mass properties have 

been demonstrated. V'ertical sections and llorizo~ltal contours of temperature and salinity 
illustrate the nlagnitude of the seasonal differences for April, June, September. and Decem- 
ber 1996. The upper 20 111 layer was warmer and saltier in 1996 than in 1995. Dynamic 
heigllts in June 1996 were similar to those in June 1976. Dynamic heights ill September 
1995 were similar to  those in Sept~neber 1978 (Niebauer et al. 1994). 

2. The ADCP ~noored in Hinchinbrook Entrance will be retrieved in May 1997. Current 
velocities and transports tllrougll Hinci~inbrook Entrance as a function of time and depth 
will be presented in a separate publication. 

3. Mean current velocities in Hinchinbrook Entrance and Montague Straight, with the 
tid;l component removed, were presented for April, June, September, and December 1996. 
At Hinchinbrook Entrace in April, half the transect shows inflow and half outflow. In 
June, a deep inflow may be present near the bottom. In December, the upper 100 m layer 
was flowing in, while deeper layer was flowing out. Niebauer et a1 (1994) found a similar 
December pattern in 1978. At Montague Straight, April outflow was confined to a narrow 
surface jet. June outflow was more uniform and weak. In September, the surface flow was 
into the Sound, and opposite to the deep flow. Niebauer et a1 (1994) found similar patterns 
in June and September 1978. 

4. An example of one meteorological variable (wind) was ~resented.  Other variables are 
available for comparison to  the observed water mass and circulation changes. 

5. Mesoscale features (eddies, fronts) are evident in the upper layer temperature and 
salinity contour plots (e.g. an eddy north of Rilontague Island in June), and in the ADCP 
current vector plots. .in example of a correlatioi~ betiveen the thermocline depth and 
plankton co~lce~ltrations was sllown for hlay 1996. The phytoplankton and zooplankton 



were co~lcentrated near the thernlocline. The plankton were deeper on the mixed side of a 
density front, and rose Ivitll the tl~ermocline. More rigorous correlation of physcial features 
with zooplankton and fish distributions remains to be done. 

6. Small scale features (eddies, fronts) are evident in the nearshore temperature and 
salinity contours ( the front a t  the mouth of Zaikof Bay), and in the ADCP current vector 
plots. Correlating these features with juvenile herring distributions remains to  be done. 

7. At least from 1995 to 1996, no large differences in the herring overwintering en- 
vironment (in each bay) was observed. Further analysis is required to  state conclusions 
confidently. 

Work on the remaining objectives, characterizing 'river' and 'lake' conditions, validating 
the ~lumerical circulation model. and identifing critical times and regions for data  collection, 
is ongoing. Research in FY97 will focus on these tasks. 
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Table 1: April 1996 Oceanography Cruise Stations 

cast stn 

GB2 
CS9 
CFOS13 
CS6 
CFOSBY 
CS1 
NS 5 
NWS 4 
NWS4A 
SEA22C 
SEA2 2 
SEA2 2D 
SEA16 
SEA18 
SEAl8B 
SEA2 5 
SEA2 6 
SEA27 
SEA3 9 
SEA2 8 
SEA2 9 
SEA3 1 
SEA32 
SEA3 3 
HE1 3 
HE12 
HE1 1 
GOAO 
CS5 
CS12 
MS 5 
MS5A 
MS5B 
MS7 
MSlO 
MS 9 
MS 8 
NS4 
CFOS13 
NS 3 
NS2 
NS 1 

date time lat 1 ong samples 

CTD/phyto/zoop 
CTD/phyto/zoop 
CTD/phyto/ zoop 
L'TD 
CTD/phyto/zoop 
CTD/phyto 
CTD/phyto 
CTD/phyto/zoop 
CTD 
CTD 
CTD/phyto/zoop 
CTD 
CTD 
CTD/phyto/zoop 
CTD 
CTD/phyto/zoop 
CTD 
CTD/phyto/zoop 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto/zoop 
CTD/phyto 
CTD/phyto 
CTD/phyto/zoop 
CTD/phyto 
c~~/phyto/rad 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto/zoop 
CTD/phyto 
CTD/phyto 
CTD/phyto/zoop 



Table 2: June 1996 Oceanography Cruise Stations 

cast stn date time lat 

OB2 
CS9 
CFOS13 
CS6 
CFOSBY 
CS1 
NS 5 
NWS4 
NWS4A 
SEA4 
SEA22C 
SEA2 2 
SEA2 2 D 
SEA1 8 
SEA2 3 D 
SEA23C 
SEA2 3 B 
SEA2 5 
SEA2 6 
SEA2 7 
SEA2 9 
SEA3 1 
SEA3 2 
SEA3 3 
MS5B 
MS 5A 
MS 5 
MS7 
MSlO 
MS 9 
MS 8 
GOAO 
GOA3 
GOA6 
HE1 1 
HE12 
HE13 
CS5 
CS12 
NS4 
CFOS13 
NS 3 
NS2 
NS 1 
OB2 

long 

146 24.60 
146 44.40 
146 55.68 
147 8.60 
147 12.20 
147 21.90 
147 9 .OO 
147 22.20 
147 22.20 
147 64.90 
147 41.00 
147 41.00 
147 41.00 
147 50.00 
147 52.50 
147 54.50 
147 56.50 
147 58.00 
147 59.60 
147 53.60 
147 48.30 
147 47.10 
147 44.40 
147 41.90 
147 41.00 
147 36.00 
147 30.60 
147 30.00 
147 30.00 
147 21.00 
147 12.00 
146 40.00 
146 40.00 
146 40.00 
146 45.30 
146 49.40 
146 53.50 
146 47.50 
146 56.20 
146 55.80 
146 55.68 
146 55.80 
146 55.80 
146 55.80 
146 24.60 

samples 

CTD/phyto/zoopl 
CTD/phyto/zoopl 
CTD/phyto/zoopl 
CTD/phyto 
c~~/phyto/zoopl 
CTD/phyto 
CTD/phyto 
~~D/phyto/zoopl/zoop2 
CTD/phyto 
CTD/phyto/zoopl/zoop2 
CTD/nutr 
~~~/phyto/zoopl/zoop2 
CTD 
CTD/phyto/zoopl 
CTD/phyto 
CTD/phyto 
CTD 
~~~/phyto/zoopl/zoop2 
CTD/phyto 
c~~/phyto/zoopl 
CTD/phyto 
CTD 
~~~/phyto/zoopl/zoop2 
CTD 
CTD/phyto 
c~~/phyto/zoopl 
CTD/phyto 
c~~/phyto/zoopl 
CTD/phyto 
~~~/phyto/zoopl/zoop2 
CTD/phyto 
CTD/phyto 
CTD/phyto 
~~~/phyto/zoopl/z00p2 
CTD/phyto 
c~~/phyto/zoopl 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/phyto 
CTD/ZOO~~/ZOOP~ 
CTD/phyto 
CTD/phyto 
c~~/phyto/zoopl 
zoop2 



Table 3: September 1996 Oceanography Cruise Stations 

cast stn date time lat 1 ong 

OB2 
CS9 
CFOS13 
CS6 
CFOSBY 
CS1 
NS5 
NWS4 
NWS4A 
SEA22C 
SEA2 2 
SEA22D 
SEA18 
SEA23D 
SEA23C 
SEA23B 
SEA2 5 
SEA2 6 
SEA27 
SEA2 9 
SEA3 1 
SEA32 
SEA3 3 
MS5B 
MS 5A 
MS 5 
MS7 
MSlO 
MS9 
MS 8 
NS 1 
NS2 
NS3 
CFOS13 
NS 4 
CS12 
CS5 
HE1 3 
HE12 
HE1 1 
GOAO 
GOA3 

samples 

CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD/ zoop 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD/ zoop 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 
CTD 



Table 4: December 1996 Oceanography Cruise Stations 

cast stn date time lat 1 ong 

SEA26 
SEA27 
SEA2 9 
SEA31 
SEA32 
SEA33 
HE1 2 
CS5 
CS12 
NS4 
CFOS13 
NS 3 
NS2 
NS 1 
NS5 
CFOSBY 

samples 

CTD 
CTD/zoopSO 
CTD/XCTD/XBT/ 
zoop5o/zoop7oo/ 
zoop4oo/zoop2oo 
XBT 
CTD/ZOOPSO/ 
zoop4oo/zoop2oo 
CTD 
CTD 
CTD 
CTD 
CTD/zoop50 
CTD 
XCTD 
CTD 
CTD 
CTD 
CTD 
CTD 
XCTD 
XCTD/zoop50 
XCTD 
XCTD 
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Figure 2: Upper 20m mean temperatures for (a) April, (b) June, (c) September, and 

(d) December, 1996. 
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Figure 3: Upper 20m mean salinities for (a) April, (b) June, (c) September, and 

(d) December, 1996. 



Mean Pot. Density (001to020m) - be604 Mean Pot. Density (001to020m) - be606 

60' 30'N 

60' 1SN 

60' OO'N 

60' 30'N 

60' 1 SN 

fin' nrm 

Mean Pot. Density (001to020m) - be609 Mean Pot. Density (001to020m) - be612 

60' 30.N 

60' 1SN 

fin' nn'N 

Figure 4: Upper 20m mean potential densities for (a) April, (b) June, (c) September, and 

(d) December, 1996. 



Average T/S in PWS (0-20m) 

Figure 5: Time series of mean 0 to 20 m layer temperatures and salinities 
averaged over the entire Sound. Error bars are standard error. 
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Figure 6: Northlsouth sections of temperature, salinity, and potential density 
for April 1996. 
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Figure 7: Northlsouth sections of temperature, salinity, and potential density 
for June 1996. 
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Figure 8:. Northlsouth sections of temperature, salinity, and potential density 
for September 1996. 
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Figure 9: Vertical profiles of potential density. 
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Figure 10: Dynamic heights 011 00 m (in cm) for (a) April, (b) June, and (c) September 1996. 
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Figure 11 : ADCP velocity vectors at 20 rn and 100 m in April 1996. 
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June 1996 
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Figure 12: ADCP velocity vectors at 20 m and I00 m in June 1996. 



September 1996 
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Figure 13: ADCP velocity vectors at 20 m and I00 m in September 1996. 
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Figure 14: ADCP velocity vectors at 20 m and 100 m in December 1996. 
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Figure 15(a): Mean ADCP velocities at Hinchinbrook Entrance in April 1996. 
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Figure 15(b): ADCP velocities for ebb tide at Hinchinbrook Entrance in June 1996. 
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Figure 15(c): Mean ADCP velocities at Hinchinbrook Entrance in December 1996. 
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Figure 16(a): Mean ADCP velocities at Montague Straight in April 1996. 
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Figure 16(b): Mean ADCP velocities at Montague Straight in June 1996. 
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Figure 16(c): Mean ADCP velocities at Montague Straight in September 1996. 
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Figure 16(d): Mean ADCP velocities at Montague Straight in December 1996. 
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Drifter Track: 25652 
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Figure 18: Wind speeds from NDBC Mid-Sound buoy for (a) April, (b) June, (c) September, 

(d) and December, 1996. 



CTD Stations - March 1996 
a 

CTD Stations - March 1996 

CTD Stations - March 1996 
b 

CTD Stations - March 1996 

Figure 19: Station locations for (a) Eaglek Bay, (b) Whale Bay, (c) Simpson Bay, and (d) Zaikof Bay. 
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Eaglek Bay. Novembor 1-5 Eaglak Bay. March 1996 Eeglak Bay. July 1996 

Eaglek Bay, AugusllSS6 Eaglek Bay. Oclober 1996 Eaglek Bay. March 1997 

Figure 20: Mean temperature (triangles) and salinity (diamonds) of Eaglek Bay. Alaska from November 1995 to March 1997 
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Figure21 :Means of temperature (triangles) and salinity (diamonds) for Whale Bay. Alaska from October 1995 to March 1997. 
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Figure22: Means of temperature (triangles) and salinity (diamonds) for Simpson Bay, Alaska from October 1995 to March 1997. 
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Figure23: Means of temperature (triangles) and salinity (diamonds) for Zaikof Bay, Alaska from October 1995 to march 1997. 
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Figure 24: Upper 10m mean temperatures in March for (a) Eaglek, (b) Whale, (c) Simpson, and 
(d) Zaikof Bay. Station locations are shown as dots. 
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Mean Salinity (001 to01 Om) - eg603 Mean Salinity (001to010m) - wb603 
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Figure 25: Upper 10m mean salinities in March for (a) Eaglek, (b) Whale, (c) Simpson, and 
(d) Zaikof Bay. Station locations are shown as dots. 



ADCP Current Vectors - March 1996 
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Figure 26: Velocity vectors at 1 Om for (a) Eaglek, (b) Whale, (c) Simpson, and (d) Zaikof Bay 

in March 1996 during flood tide. 



ADCP Current Vectors - October 1996 
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Figure 27: Velocity vectors at 10m for (a) Eaglek, (b) Whale, (c) Simpson, and (d) Zaikof Bay 

in October 1996 during ebb tide. 



Temperature (C) 

Figure 28(a): Temperature along west to east transect in Orca Inlet in 
May 1996. 
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Figure 28(b): Salinity along west to east transect in Orca Inlet in May 1996. 



Fluorescence (micrograms1L) 

Figure 28(c): Fluorescence along west to east transect in Orca Inlet in 
May 1996. 



Total Particles (counts/sec) 

Figure 28(d): Total OPC counts along west to east transect in Orca Inlet in 
May 1996. 



Neocalanus-sized Particles (counts/sec) 

Figure 28(e): Neocalanus-sized particles along west to east transect in 
Orca Inlet in May 1996. 




