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Annual Physical and Chemical Oceanographic Cycles 
of Auke Bay, Southeastern Alaska 

HERBERT E. BRUCE, DOUGLAS R. McLAIN, and BRUCE L. WINGl 

ABSTRACT 

The annual cycles of physical and chemical oceanographic conditions in Auke Bay, a small 
estuary in southeastern Alaska, showed a consistent pattern over an 8-yr period (1961-68). The cycles 
closely followed seasonal climatological and atmospheric events. Increased insolation in the spring 
caused general warming of the surface water and the air, which in turn increased the freshwater in­
put into Auke Bay from melting snow and ice. The fresh water lowered surface salinities and together 
with warming of the surface waters caused a density stratification of the water column, which in-
creased as the spring-summer season progressed. Maximum stratification occurred in August, fol­
lowed by a general decay of stratification in September. Vertical mixing of the top 20 m of the water 
column by fall storms in September and cooling of surface water resulting from decreased insolation 
set up a thermohaline circulation that continued through the fall and early winter. The water column 
became homogeneous by January and remained thoroughly mixed from January through March or 
early April. 

Auke Bay was rich in the inorganic nutrients phosphate, silicate, and nitrate. Spring 
phytoplankton blooms followed the onset of stratification and drastically reduced the concentration of 
all three nutrients in the surface water. Nitrate was essentially depleted and remained so throughout 
the summer. Low nitrate availability was undoubtedly one of the important factors limiting primary 
production in Auke Bay. 

INTRODUCTION 

Auke Bay is one of the many small bays along the 
major straits and passages of the inside waters of 
southeastern Alaska. Although these bays represent a 
small percentage of the total water mass of the area, they 
are important as spawning and nursery grounds for 
several species of fish and shellfish. Streams tributary to 
Auke Bay are spawning grounds for four species of salm­
on: pink, Oncorhynchus gorbuscha; chum, O. keta; 
coho, O. kisutch; and sockeye, O. nerka. Herring, Clupea 
harengus pallasi; king crabs, Paralithodes camtschatica 
and P. platypus; snow crab, Chionoecetes bairdi; and 
other species of commercial and recreational value 
spawn in the bay itself. 

Several reports describe aspects of physical and 
chemical oceanography of small bays and estuaries in 
southeastern Alaska . Barnes et al. (1956) made an in­
tensive survey (including some biological observations) 
of Silver Bay on Baranof Island near Sitka before con­
struction of a pulp mill. Powers (1963) examined Little 
Port Walter at the southern end of Baranof Island . The 
U.S. Federal Water Pollution Control Administration 
(1966) made surveys of Gastineau Channel and Fritz 

'Northwest and Alaska Fisheries Center Auke Bay Laboratory, Na­
tional Marine Fisheries Service, NOAA, P.O. Box 155, Auke Bay, AK 
99821. Herbert E . Bruce's present address: Bering Sea-Gulf of Alaska 
Project Office, Environmental Research Laboratories, NOAA, P.O. Box 
1808, Juneau, AK 99802. Douglas R. McLain 's present address: Pacific 
Environmental Group, National Marine Fisheries Service, c/o Fleet 
Numerical Weather Central, Monterey, CA 93940. 

1 

Cove near Juneau and of Silver Bay and Ward Cove near 
Ketchikan in the summer of 1965. McLain (1968) sur­
veyed Traitors Cove on Revillagigedo Island. McLain 
(1969) described seasonal changes in oceanographic con­
ditions in Lynn Canal. Nebert and Matthews (1972) 
described the circulation of Endicott Arm. Most of these 
studies were less than 2-yr duration, not long enough to 
separate short-term and protracted hydrographic dis­
turbances known to occur in natural environments. 

Therefore, in our study of Auke Bay, the objective was 
to describe the annual cycles of oceanographic con­
ditions in the bay over several years. In this way the 
complete annual cycle and the range of natural environ­
mental varia~ility could be identified. From this infor­
mation the biological consequences of normal cycles and 
anomalous oceanographic conditions could be assessed. 

DESCRIPTION OF STUDY AREA 

Physiography and Geology 

Auke Bay is one of a large number of small embay­
ments off a system of large fiords connecting with the 
open ocean (Fig. 1). It is located at lat. 58°22'N and long. 
134°40'W, 19.3 km northwest of Juneau, Alaska, and 
about 130 km inland from the open Gulf of Alaska. The 
bay covers an area of about 11 km' and contains several 
small islands and reefs. 

The bottom topography of the bay is irregular, and 
submarine gulleys and mounts are quite common (Fig. 
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Figure l.-Auke Bay, 

2). The maximum depth, 100 m, i near the outh end of 
Coghlan Island; depths of 40 to 60 m are common over 
much of the bay. 

Auke Bay is not a fiord-type estuary of the form de­
scribed by Pritchard (1952), but is a small tributary em­
bayment to a system of large fiords. Lynn Canal-Icy 
Strait-Chatham Strait and Stephens Pa sage-Frederick 
Sound-Chatham Strait are major interconnected pas­
sages in southeastern Alaska and provide communication 
between Auke Bay and the Gulf of Alaska. T he entire 
region was heavily glaciated during the Pleistocene 
Eopch. Martin and Williams (1924) concluded that gla­
cial deepening of a preexisting river valley was the pri­
mary process in the formation of the Chatham Strait­
Lynn Canal fiord. Auke Bay may have formed as a side 
valley of the larger fiord system. 

Climatology 

Auke Bay lies within that part of the maritime 
province extending along the northwest coast of North 
America. Winds in this area are predominantly southerly 
off the Pacific Ocean. These warm, moisture-laden winds 
strike the high coastal ranges and result in abundant 
precipitation, little sunshine, and mod erate ai r 
temperatures. Observations by the National Weather 
Service at the Juneau Airport 3 km east of Auke Bay are 
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that pr cipltatlOn in the ar a i· lightet in the prIng and 
heavl ~t In the fall (Fig. 3l. Between February and Ma) 
the an'rage monthly precipitation rate i fairly con-tant 
(the monthly a\'erage for 1 31-60 wa .6 cmJ. Precipita­
tIOn mer a.e. rapidly in .June and reache a maximum In 

tober (the 30-yr average for ctober 1931-60 wa 21.3 
em) Iter the October maximum, precipitation 
decreases until February. 

The average monthly in olation for the uke Bay area 
from 19.59 to 1962 I hown in Figure 4. In olation, which 
we e timated from cloud cover data, I a predominant 
factor in controlling ea onal cycle of air and ea ur­
fa e temperature. Data from Roden (1959) on the total 
amount of radiation received at ea level under cloud Ie 
skie were converted to in olation under cloud cover ac­
cording to the equation of verdrup et a!. (1942): 

where Q I 

C 

radiation received at sea level adjusted for 
cloud cover 

total incoming radia t ion under cloudless 
skies 

amount of clouds (in tenths of sky covered). 

'The average was calculated from data in the U.S. Weather Bureau's 
annual publication Climatological Data, vols. 17-46, Alaska section (No. 
13). 
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,. ,-------------------------------------, 
Figure 3.-Average monthly precipitation (em of water) at 

Juneau airport, 1931-60. (See text footnote 2.) 

22 

20 

M A M J J A 
MONTHS 

o N 0 

3 

Figure 4.-Monthly averages of daily insolation (g-caVcm'/day) in 
Auke Bay area, 1959-62. (See text for calculation of insolation.) 



Runoff 

The streams entering directly into Auke Bay are small 
and drain low-elevation (less than 900 m) forested areas. 
The streams are fed by rainfall and melting winter 
snows, and discharge from them has several maxima and 
minima each year that vary in timing from year to year. 
These are Auke Creek, Auke Nu Creek, Wadleigh Creek, 
and several smaller unnamed streams. 

The larger more distant Mendenhall River and Lemon 
Creek discharge into Fritz Cove and Gastineau Channel 
adjacent to Auke Bay. Their waters eventually enter 
Auke Bay. The watersheds of these larger streams are 
rocky slopes, ice and snow fields, and glaciers . The 
monthly discharge follows an annual cycle, with a single 
minimum in February or March and a single maximum 
in ,July (U.S. Geological Survey 1964). The winter 
minimum is caused by a decreased rate of snowmelt at 
higher elevation and the summer maximum by a com­
bination of increased snowmelt and moderate precipita­
tion . 

Tides 

The tides in Auke Bay are semidiurnal and show diur­
nal inequality. The mean tidal range is slightly more 
than 4 m (U.S. Coast and Geodetic Survey 1962). Spring 
tides exceed this by almost 2 m. The times and heights of 
high and low water are nearly the same over the entire 
Auke Bay area . 

PHYSICAL AND CHEMICAL 
OCEANOGRAPHIC FEATURES 

OF AUKE BAY 

The Northwest and Alaska Fisheries Center Auke Bay 
Laboratory has collected descriptive physical and 
chemical oceanographic data in Auke Bay since 1959. 
These oceanographic observations have been parts of a 
variety of projects with differing needs and goals, so the 
schedules and types of observations have varied over the 
years. The seasonal cycles described in this report are 
derived primarily from data collected from 1961 to 1967, 
supplemented by some earlier and later observations. 

Five oceanographic stations (Fig. 2) were occupied 
monthly during 1961-63. The local variations within the 
bay were relatively small when compared with the fre­
quent transient vagaries. Oceanographic properties ap­
peared to be homogeneously distributed over the area of 
the bay, and differences were usually within the limits of 
error in our measurements. Consequently, beginning in 
March 1963, t he five stations were replaced with a single 
midbay station, Auke Bay Monitor (ABM, Fig. 2) which 
was monitored monthly for 1 yr. From March 1964 
throu~h July 1967, the ABM station was occupied ap­
proximately weekly in order to define more precisely 
short-term variations in oceanographic conditions as­
sociated with use of amino acids as a nitrogen source by 
the phytoplankton (Bruce 1969). 

4 

The observations were made with conventional Nan­
sen bottles and reversing thermometers from the 
research vessels Sablefish and Murre II and from various 
sma ll boats. The accuracy of the temperature 
measurements was estimated ±0.05°C . Salinities during 
the years 1959-64 were measured by titration, accurate to 
±0.01 ° /0 0, and later by salinometer, accurate to 
± 0.05° /00. Concentration of dissolved oxygen was 
measured by the conventional Winkler technique, ac­
curate to ±0.1 ml/liter. Phosphates, nitrates, and 
silicates were determined by the methods of Strickland 
and Parsons (1960) and are believed within the precision 
limits of ±0.05, ±0.3, and ± 3.0 f1g-at./liter respectively. 

Temperature 

Water temperature is one of the most important 
characte rist ics of marine environments. The dis­
tribution of water temperature and salinity influences 
the physical mixing properties of the water. In addition, 
temreratures , along with salinities, are useful in iden­
tifying masses of water and in monitoring changes in 
physical and chemical properties of marine environ­
ments. Finally, temperature and temperature changes 
affect metabolism and other processes in marine plants 
and animals. Accordingly, this subject has been more 
fully investigated than any other physical factor. 

The surface water temperature in Auke Bay ranged 
from less than 2° to 17°C; an extended minimum oc­
curred between January and March and a maximum in 
Au~ust (Fig. 5). Sea surface temperatures were greater 
than the maximum air temperatures during the months 
of November to February, reflecting large heat losses to 
the atmosphere during the winter. Temperature 
variations were greatest at the surface and decreased 
with increasing depth (Fig. 6). At a depth of 50 m, the 
temperature ranged from 2° to 7 .8°C. The month of max­
imum water temperature was progressively later in the 
summer at progressively greater depths. For example, 
the surface maximum was reached in August, and the 
maximum at 50 m was reached in October or November. 

During the year vertical temperature profiles change 
from well mixed to strongly stratified (Fig. 7). In January 

2Or-----------------------; 
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10 

1959 1960 1961 1962 

Figure 5.-Monthly averages of daily maximum and minimum air 
temperatures ( 0 C) recorded at Juneau, Alaska. airport and of sea 
surface temperature (OC) at Auke Bay. Alaska. 1959-62. 
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the winter values. In deeper water (20 to 50 m) the salini­
ty remained rather constant at 30 to 31 0

/00 through the 
year. The salini ty of surface waters varied 3 to 5 0

/00 in a 
few days during the spring-fa ll period while hort-term 
variations in the deeper water eldom exceeded 1 0

/00 . 

Two distinct layers of water-surface (to 30 m) and 
deep (below 30 m)-appear in the vertica l profile of 
salinity in Auke Bay (Fig. 9). Between ,January and 
April, isohaline conditions exi t from the urface to 50 m. 
The salinity of the surface layer decreases continuously 
from April through July or Augu t, and a trong alinity 
gradient forms in the top 10 to 12 m . The st rongest 
halocline occurs in July with alinities near 20 0

/00 at 5 
m, 27 0

/00 at 10 m, and 31 0
/00 at 30 m. urface salinity 

remains low through September and increa e in Oc­
tober as a re ult of autumn storm mixing . The trong 
halocline of July and August i the re ult of peak runoff 
from the large, glacial-fed stream. Runoff from the low 
elevation, forested watersheds does not affect urface 
salinities as much as runoff from the glacial tream. 
Runoff from lower elevations peak in both the pring 
and the fall, but not during the ummer (McLain 1969). 
Often in the summer ilty glacial Mendenhall River 
water intrudes from neighboring Fritz Cove into the 
clearer waters of Auke Bay . 
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Figure 9.-Typical profiles of salinity ( 0/00 ) in Auke Bay, Alaska, 
for January, April, July, and October; data are averages for 1960-68. 

Density 

Water density, a function of temperature and salinity, 
is used to identify water masses and to assess the stabili­
ty or stratification and probable circulation of these 
water masses. Over the range of values observed in Auke 
Bay density is affected more by salinity variation than by 
temperature variation. 

The annual cycle of water density of Auke Bay from 
1960 to 1968 ~xpressed in terms of 0t3 is shown in Figure 
10. The denSIty of the surface water in Auke Bay varied 
over a range of a t values between 9 and 24. Density was 
greatest and varied little with depth from December to 
April. In late April, density began to decrease at the sur-

' Sigma-t (at) = 1,000 (p- l) where p is the density of the water. 
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face and ontinued to decrease t hroug h .J uly, reaching a 
minimum in August (mean minimum a, = 11.0). The 
change in at occu rred progreso ively later WIth inc reasing 
depths (Fig. to). The minimum a, at ~O m wa 22.2 in 
Octoher . At 50 m the den . ity wa. relatively on. tan t and 
had no obvious maximum or minimum. 

Figure 11 . how. the sea 'onal vertical profile of 
ra?e a ,. From ,Ja nuary to pril the water in Auke Sa)' ave 
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Figure ll.-Typical profiles of density (as a,) in Auke Bay, Alaska, 
for January, April , July, and October; data are averages for 1960·68. 



sity gradient from the surface down to 30 m . The data for 
all years of this study show the same seasonal pattern of 
density distribution . 

Stability 

Stability of a water column' is determined by the rate 
of change of density with depth, the vertical gradient of 
density. Where stability is high, vertical movement and 
vertical mixing are inhibited. The water column in a 
strong vertica l gradient of density (a marked pycnocline) 
is very stable, and much more energy is required to dis ­
place particles of water upward or downward than in a 
region where the gradient is weak. This mechanism 
greatly restricts the vertical transfer of water from the 
deep layer to the upper layer in Auke Bay. Tidal-in­
duced turbulence is unable to penetrate the pycnocline . 

Table 1 gives numerical values for the stability of Auke 
Bay water during July and August 1965. All the stability 
values in Table 1 are positive and relatively high, in­
dicating a highly stable water column. Data from other 
years show the same general density distribution as in 
1965; all depict a highly stable water column during the 
summer. The simi larity between seasonal cycles of 
salinity and density in Auke Bay (Figs. 8 and 10) is ex­
pected because of the strong dependency of density on 
salinity at the relatively low temperatures common in 
Auke Bay. 

The development of a stable water column is one of the 
most ecologically significant features of the 
oceanol?;raphy of Auke Bay because stability of the water 

'For depths to 100 m, stability (E) can be expressed by 

dO 
-3 l 

E = 10 -- (Sverdrup et a!. 1942, p . 417), 
dZ 

'r in different form 

( a, 0,) 
,~ 2 - , 

E = 10 (z , _ Z , ) 

N here Z depth 
dZ - Z2' Z I = change in dept h 

d o, ;; (o",o,,)=changeino, 

o l = 1,000 (p, 1) where p= density of the water. 

column is a prerequisite for the on. et of pflng 
phytoplankton bloom (Riley 1942; verdrup 19.5~, teele 
1966). Gilmartin (1964) found that ea onal variability in 
the stability of the water column in a British Columbia 
fiord was the primary factor controlling ph,:-.. top lank ton 
growth. We observed a trong bur t of phytoplankton 
growth each year in April or early Maya olar radiation 
increased and a stable water colu mn began to form. It i 
clear that stratification has a pronounced effect on the 
basic productivity of Auke Bay throughout the pring­
summer growing season . 

Dissolved Oxygen 

Oxygen is one of the common ga e di olved in 
natural waters and is critically important becau e of its 
key role in biological energy tran fer. Although aquatic 
organisms respire efficiently at oxygen concentration 
considerably below saturation values, metabolic rates 
and efficiencies are dependent on the avai lability of dis­
solved oxygen. Consequently, t he di solved oxygen con­
centration is a major determinant of the environmental 
quality of water. The oxygen requirement oforgani m i 
given generally in terms of ab olu te concentration ex­
pressed in appropriate units such a ml/liter or mg/liter. 

Concentrations of dissolved oxygen at selected depths 
in Auke Bay are shown in Figure 12. Di olved oxygen in 
the upper I) m generally remained above 6 ml/liter, and 
spring and summer concentration were above 8 ml/liter. 
Highest concentrations occurred from April through 
.June and maximum observed va lue was 11.4 ml/liter. 
Below 10 m the concentration of di solved oxygen 
decreased with depth. In winter the concentrations 
varied less with depths. The lowest concentration of 
Cl' ygen at or near the bottom occurred in eptember and 
Gctober . 

The degree of oxygen saturation provide information 
on the relative intensitie of proces e which affect the 
oxygen content of the water. uper aturation is ob­
served frequently and is essentially a re ult of high 
photosynthetic "ctivity by plants in the upper layer of 
the water. Under conditions of high solar radiatIOn dur­
ing the day and abundant nutrient., the rate of ox\'gen 
production may exceed the rate at which oxygen i· gl\'en 

Table I.-Stability (E) ' at Auke Bay monitor station in July and August 1965. 

21 July 1965 10 August 1965 

Depth Temp. Salinity Temp. alimty 

(m) (OC) (%0 ) O't 10'E (OC) (%0 ) 01 1<Y£ 

0 13.48 16.30 11.94 16.55 16.30 11 37 

1,107 1,1 -9 

10 7.84 29.50 23.01 7.9 29. 5 2:1.26 

151 101 

20 5.82 31.10 24.52 6.21 30. 5 24.2. 

49 4~ 

30 4.76 31.57 £5.01 5.66 31.30 24.70 

16 " 
50 4.28 31.90 25.32 4.0 31.72 2.5.13 

'See text footnote 4. 
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Figure 12.-0bserved concentrations of dissolved oxygen (mVIiter) 
at selected depths in Auke Bay, Alaska, 1960-68; data are observed 
concentrations. 

off at the surface, and supersaturation will occur . Ap­
preciable supersaturation occurs in Auke Bay during the 
spring and summer, even down to 10 to 20 m (Fig. 13) . 
T his coincides with spring and summer phytoplankton 
blooms. Lowest concentra tions of oxygen occur during 
t he fall and win ter when photosynthetic activity is reduc­
ed and bacterial decomposition and chemical oxidation 
of detritus lower t he oxygen content. 

10 

20 

" 

" 

Figure 13.-Typical vertical profiles of percent sa tura tion of dissolved 
oxygen in Auke Bay, Alaska, for January, April, July, and October; 
data are averages for 1960-68. 

8 

Inorganic Nutrients 

The circulation of biologically active materials such as 
phosphate, silicate, and nitrate, as well as their dis­
tribution in the water column, depends on biological and 
phy ical proce ses and differs in detail from the cir­
culation and distribution of water and its conservative 
properties. Because the e materials are dissolved com­
ponents of water, they are affected by advective and 
eddy diffusion processe . In addition, they are ex­
changed between the water and the biomass in a cyclic 
proce... During period of high biological activity, 
changes in the distribution and abundance of biological­
ly acti ve components of the water column may occur 
rapidly rela ti ve to changes due to phy ical proce es 
alone. Thus, their tudy may add significantly to the 
phys ica l de cription of an area . 

During our study in Auke Bay, there wa a regular 
seasonal cycle in concentration of inorganic pho phate, 
silicate, and nitra te (Fig. 14, 15, 16). Maximum con­
centrat ions of a ll three nutrient occurred in winter 
(.January-April ), and all were uniformly di tributed 
th roughout the water column in thi period. A rapid 
reduction of the three nutrient above 20 m in April was 
a. ocia ted with the outbur t of phytoplankton growth. In 
each year of our tudy, we noticed a marked ri e in num­
ber of dia tom~ and chlorophyll concentration and a 
corresponding drop in concentrations of phosphate, 
silicate, and nitrate (unpublished data on file North­
west and Alaska Fisheries Center Auke Bay Laboratory). 
Once tabil ity i e tabli hed in pring, high level of 
photo. ynthetic ac tivity rapidly deplete the available 
nutrients because verti cal advection of nutrients into the 
surface is inhibited by the tability of the water column. 

Raymont (1963) reviewed the di tribution and amounts 
of pho pha te , silicate, and nitrogen throughout the world 
ocean , including many of the important coa tal and in­
shore areas. In com pari on with other nutrient-rich 
coas tal and inshore environments, the amounts of these 
material in Auke Bay water were relatively high. Friday 
Harbor in western Wa hington had some of the highest 
observed concentrations of both pho phate and 
nitrate- about 1.8 J..Lg -at ./liter of phosphate an'd 21.0 J.lg­
at ./l iter of nitrate (Raymont 1963). Riley and Conover 
(1956) found maximum phosphate and nitrate concen­
trations in Long Island Sound of 1.9 and 17.0 J.lg-at./liter, 
respectively . Maximum concentrations in Auke Bay were 
8.f'i J.l g-at./liter of phosphate and 26.0 J..Lg-at ./liter of 
nitrate . Maximum silicate concentrations in Auke Bay 
were also comparatively high- 70.0 J.lg-at./liter. This is 
significantly greater than the maximum values reported 
for the English Channel, 5.0 J.lg-at./liter, or for Friday 
Harbor, 53 J..Lg-at./liter (Raymont 1963). The highest 
silicate concentration reported anywhere was 160 J.l.g­
at./liter in the deep water of the North Pacific Ocean 
(Raymont 1963) . 

In general, throughout the summer, phosphate values 
in Auke Bay in the upper 5 m tended to remain low, al­
though there were some fluctuations. Minimum concen­
trations of phosphate observed in surface water were 
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igure 14.-0bserved concentrations of inorganic phosphate <flIt-at./ 
liter) at selected depths in Auke Bay, Alaska, 1963-67. 

between 0.30 and 0.20 ,ug-at./liter, versus a winter high of 
3.0 to 3.5 ,ug-at./liter (Fig. 14). 

Short-term increases in phosphate concentrations in 
the top 5 m from May through August did not have a 
strong coincidence with periods of increas"d runoff. 
Hence, freshwater input was discounted as a significant 
cause of increases in nutrients , including phosphate, over 
short time periods (3 to 7 days). Studies by Curl , Iver­
son, and Conners' showed that tidal effects in Auke Bay 
were not sufficient to mix nutrient-rich water into the 
euphotic zone, but that wind-induced mixing through 
the pycnocline could be caused by winds of 4 mls per­
sisting for 24 h or longer. 

Although the causes of fluctuation in phosphate levels 
are not clear, the most probable causes are regeneration 
of inorganic phosphate from organically bound phos­
phate and wind-induced vertical mixing of inorganic 
phosphate through the pycnocline. Labora tory 
measurements of the rate of phosphate regeneration 
(Cooper 1935) indicate that up to one-half of the total 
phosphorous content of decomposing plankton appears 
in soluble form within 24 h. 

Curl, H. C., Jr ., R. L. rver on, and H . B. O'Conners, Jr. 1971. Pela­
gic ecology of biological production in Auke Bay, Alaska . Final report to 
National Marine Fisheries Service, Auke Bay Fi heries Laboratory, Auke 
Bay, Alaska, Contract 14-17-0005-207. 
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Figure 15.-0bserved concentrations of dissolved silicate (pg-at.! 
liter) at selected depths in Auke Bay, Alaska, 1963-67. 

The silicate cycle in Auke Bay (Fig. 15) generally 
paralleled the phosphate cycle; this similarity wa al 0 

deT'1onstrated by Richard (1958) in the we tern Atlan­
ti . Studies in the English Channel by Atkins (1930) 
showed that silicate was depleted and regenerated imul­
taneously with phosphate. 

While phosphate and silicate in Auke Bay had the 
same general 'easonal patterns of distribution, orne dIf­
fe rences appear when the data are examined in detail: 
short-term variation in concentration of pho phate oc­
curred primarily in the upper 5 m of the water column 
(Fig. 14); the greatest variation in silicate occurred 
between 10 and 20 m (Fig. 15). Variability in the con ­
centration of silicate throughout the water column in 
Auke Bay is generally greater than it i. for pho. phate 

Minimum silicate concentrations of 2 to 4 t./g-aL/liter 
occurred in the surface water of Auke Bay dUring .July, 
Augu t, and eptember (Fig. 15). hort-term increa e. 
occurred in late June and early July, when the propor­
tion of dinoflagellates (phytoplankton which do not 
uti lize si licate) to diatom was quite high. We mter· 
preted thi increase as a reflection of the difference in 
rate of uptake by the relatively small number of diatom­
present and the rate of in itu regeneration, plu ad\'e -
tive input. 

Maximum ilicate concentratIOn of about 60 p. ' . 

at./liter occurred throughout the water column from 
December through the middle of ~larch-a high concen-
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By the end of the 'econd week in April, the wut r 
column began to tratify becau e of increa ed ab ·orp· 
tion of solar radiation in the upper 5 m and th ac­
cumulation of fresh water on the surface from II1crea.ed 
runoff and precipitation. A the pring- ummer ea on 
progressed, tratification il1'Crea ed until a trongly 
developed pycnocline e entially i olated the upper 12 to 
20 m from the deeper water. 

Full development of the brackish urface layer in Auke 
Bay occurred in late July or August, In September, cool­
ing of surface water coupled with wind mixing due to fall 
storms broke the density stratification developed during 

'Unpublished data on file Northwest and Alaska Fisheries Center Auke 
Bay Laboratory, NMFS, NOAA, P ,O. Box 155, Auke Bay, AK 9982l. 
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