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SEASONAL VARIATIONS IN THE SURFACE WATERS 
OF SAN JUAN CHANNEL DURING THE FIVE YEAR 

PERIOD, JANUARY 1931 TO DECEMBER 30, 1935 
BY 

LYMAN D. PHIFER AND THOMAS G. THOMPSON 

Oceanographic Laboratori es, Friday Harbor, Washing/on 

INTRODUCTION 

Although there is a mass of data avail able on the physical and chemical 
properties of sea water in various part., of the worl d, relatively little data 
may be had from localities where continuous long time observations have 
been made. At the Oceanographic Laboratories on San Juan Channel near 
Friday Harbor, Wash., the water body is unique in that it is rather homo-
geneous for a depth of 100 meters. We propose to demonstrate the yearl y 
and seasonal variations and flu ctuations of the physical and chemical 
properties, and the phytoplankton calendar of this water mass and to 
determine if long time periodiciti es exist . 

Data on the seasonal variation of the physical and chemical properties of 
this water have been previously published, showing the changes over a 
three-year period (1 3, 21, 22) . These data include temperature and chlo-
rinity observations for the entire period, results of pH and di solved oxygen 
for two years, and the data for phosphate and sili cate concentration for one 
year. The present paper deals with determinations, for the period of 
January 1931 to December 1935, on variations in temperature, chlorinity, 
dissolved oxygen, phosphate, sili cate, pH, nitrates and nitrites. Included 
also are observations on the rainfall during the period of study. The 
phytoplankton calendar will appear shortl y. 

GEOGRAPHY AND LOCATION 

The accompanying chart, Fig. 12, shows the location of the Oceano-
graphic Laboratories in the San Juan Archipelago. General de cription 
of this region have been given in previous publications (1 2, 16, 04). 

The waters of San Juan Channel have t heir ori gin primarily in the· Strait 
of ~uan de Fuca. In the late spring and summer montl1 , especiall~· during 
peri ods of northerl y or northwesterl y winds, the surface wa·ters are some-
times very markedly aff ected by waters of low de11-ities carried in to the 
channel fr om Georgia Strait. Extensive studies haYe been made of the 
waters of the latter by investi gators at the Pacifi c Biological Station at 
Nanaimo, Briti sh Columbia (10, 11, 14, 15). The surface waters of 

( 34) 
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Georgia Strait are materially affected by the discharge of the Fraser 
River, and decided stratification of various layers with considerable differ-
ences in concentration of the several constituents of sea water has been 
observed by the Canadian scientists. On the other hand, the waters of San 
Juan Channel are relatively uniform. The erose nature of the channel's 
floor and the velocity of the tidal currents create very turbulent conditions. 

Figure 12. Chart of a part of San Juan channel showing the location of the Oceanographic 
Laboratories and general Eet of the currents during flood tides. 

During the flood tide, the waters enter at the southern extremity of the 
Channel from Juan de Fuca Strait and at the northern extrance from Haro 
Strait. On the ebbing tide, conditions are reversed; Haro Strait and Ro-
sario Strait are the passages through which interchange of water takes 
place between the Strait of Georgia and the Strait of Juan de Fuca. It is, 
therefore, only indirectly that the waters of the Strait of Georgia influence 
those of San Juan Channel, and then only for short periods of time. 
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METHODS OF OBSERVATION AND DETERMINATION 

An observation pier of cantilever construction, project!ng 27 m~~ers from 
the shore over a maximum depth of 10 meters, was built to facilitate the 
taking of samples at regular intervals regardless_ of unfavorable weather 
conditions. A few meters beyond the end of the pier, the channel drops to 
a depth of about 130 meters. Fig. 13 is an illustration of the pi?r .. Besi~es 
being equipped with the usual water sampling appara_tus, the pier 1s eqmp-
ped with a standard tide gauge, a constant :ecordmg th~rmometer for 
air temperature, automatic recorder for pyrbehometer readings, wet and 
dry bulb thermometers and a standard rain gauge near the entrance to the 
pier. 

Figure 13. Cantilever Pier. Oceanographic Laboratories. 

Surface samples taken for chemical analysis were secured at the peak of 
the higher fl ood tide, using a modified Ekman water bottle of four-liter 
capacity, equipped with Richter reversing thermometers. T he schedule 
for sampling was every fourth day from October 1931 to June 1934 and 
every fifth day thereafter. Sampling has been fairly regular. Immediately 
after sampling, determinations of phosphate, nitrate, nitrite, and pH were 
made. The samples for oxygen, after the addjtion of sulfuric acid, and 
chlorinity were allowed to accumulate and these constituents determmed 
at irregular intervals. The usual methods for the various determmations, 
as standardized by the Oceanographic Laboratories, were utilized except 
in the case of nitrates. In these determinations, the HarYey method was 
employed (8). In discussing this determination, Harve. (9) states: " The 
method provides good rough quantitative data and since the differences 
are very large, such data are sufficient to give a picture of the djstribution 
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of the nitrate in the sea." The authors are in accord with this statement 
especially that characterizing the quantitative nature of the determination'. 
as a large experimental error is very apparent. 

TEMPERATURE 

In Table I are given the mean monthly temperatures from January 1931 
to December 1935. The seventh column of the table shows the mean of 
these mean temperatures for each particular month for the fi ve-year period. 
The highest and the lowest temperatures recorded during this time for each 
individual month of the year are given in the eighth and ninth columns, 
respectively. Fig. 14 gives a graphic representation of the mean monthly 
temperatures during the period. 

The lowest mean temperatures were obtained during the winter months. 
For February and March of both the years 1932 and 1933, the values were 
about one degree less than those observed for the other years. These 
lower temperatures were the result of prolonged subnormal air tempera-
tures caused by an anticyclonic area centered to the north in western Can-
ada. On February 17, 1932, the lowest temperature, 6.38° C., of the entire 
period occurred. 

The highest mean temperatures were observed during July and August, 
1933. It is interesting to note that these high values were preceded in 
June and followed in September by the lowest mean temperatures for these 
months during the five years. The highest temperature recorded, 14.25° C., 
was observed on August 15, 1933. These data indicate that for the months 
of July and August of this particular year, considerable water of much 
higher temperature was carried southward into San Juan Channel from the 
Georgia Strait. 

The average yearly temperatures were remarkably constant and for 
three of the years did not vary more than 0.07° C. The highest yearly 
mean was that of 1931 with 9.23° C. and the lowest that of 1933 with 8.74° C. 

The mean of the mean monthly temperatures for the five years is plotted 
in Fig. 15 together with the maximum and minimum values obtained during 
this period for each month of a year. The curves for the mean and minimum 
values are very regular. The same is true of the maxima except for July 
and August. This anomaly emphasizes again the effect of the diluted 
surface water of the Georgia Strait, which the Canadian investigators 
have shown to have summer temperatures about ten degrees higher than 
the surface waters of portions of the San Juan Archipelago, upon the waters 
of San Juan Channel. 

CHLORINITY 

In Table II are given the average monthly chlorinities of the surface 
waters from January 1931 to December 1935. The seventh column shows 
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Figure 14. Graphs showing the mean monthly temperatures, chlorinities. dissolved 

oxygen values a.nd rainfall data for the period, January 1931 to December 1935. 
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Figure 15. Graphs showing the mean of the mean monthly temperatures, chlorinities, 
and rainfall data for the ftve years, together with the maximum and minimum values ob-
tained in each month during the period. 
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the mean of the mean chloriniti es for each month of the year, while in the 
eighth and ninth columns are given the maximum and minimum values 
reported in each particular month for the entire period. The monthly mean 
values are plotted in Fig. 14. The eff ect of dilution by brackish water 
influenced by the discharge of the F raser River , carried down from Georgia 
Strait in the summer months, is shown by the graph. It is interest ing to 
note that this decrease in concentration occurs near the end of the period 
of minimum rainfall. The most pronounced dilu tion effect for the summer 
months for each year occurred for 1932 and 1934 in June, for 1931 and 1935 
in July, and for 1933 in August . This eff ect was greatest in 1933 and the 
least in June, 1932. For a period of nearly two and a half years, that is, 
from March 1932 to September 1934, no monthly mean chlorinity values 
above 17°/ 0 0 were recorded, and most of the values during this period were 
below the average of all values for the fi ve years. This may be attributed 
to the high rainfall experienced along the entire Or·egon, Washington and 
Briti sh Columbia coasts; to heavy precipitations of snow in the c'Oastal 
ranges with resulting increase in the volume of waters discharged by the 
rivers of the region; or to the eff ects of dilu ted waters from the Fraser River 
carried into San Juan Channel by prevailing northerly and northwest 
winds. 

The graph also indicates the result of the winter rainfall, this effect 
being noted about January. The extent of the dilution effect in the winter 
months is a direct function of the rainfall for the entire region. Thus, in 
January 1935, abnormally heavy rains characterized the entire Puget 
Sound, Strait of Juan de Fuca, and Briti sh Columbia regions as well as the 
San Juan Archipelago. This abnormalit y is shown in Fig. 14. Along the 
coastal region, this precipitation was in the form of rain and resulted in 
immediate run-off with all ri vers at flood stage. In the summer months the 
effect of the winter precipitation, which occurred in the form of snow in the 
mountains, has a marked influence upon the waters during the flood period 
of the ri ver. 

The highest chlorinities were always obtained in the fall of each year 
following the period of minimum rainfall. High chlorinities are generally 
accompanied by temperatures lower than average; low chlorinities are 
accompanied by temperatures higher than average. T his general relation-
ship is indicated in Fig. 15 which gives the graphs for the data given in the 
last three columns of Table II . 

DENSITY 

In Table III are given the average densities in situ for each month from 
January 1, 1931,_to Dece~ber 31, 1935. The densities foll ow very much the 
same trends as given preVJously for the chlorinities. 
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OXYGEN 
In Tables IV and V are given the average values for dissolved oxygen for 

each month for the surface waters from October 1, 1931, to December 31, 
1935. The values in Table IV are expressed as milligram atoms of oxygen 
per kilogram of water, while in Table V the values are given as per cent 
saturation. The seventh column in each table shows a mean of the mean 
dissolved oxygen values for each month of the year, while in the eighth and 
ninth columns are given maximum and minimum values obtained in each 
particular month for the entire period. The monthly mean values of Table 
IV are plotted in Figure 14. The data given in Table V would follow very 
much the same curve. The data shown in the seventh, eighth, and ninth 
columns of Table V are illustrated in Figure 16. 

The highest oxygen values are obtained in the winter months and are in 
accord with other observations previously recorded from this region. 
These high oxygens are explained as being the result of strong wind and 
wave action during the winter months. Minute bubbles of air, contained in 
the water as the result of wave action, are carried below the surface as the 
result of the marked agitation by the tidal currents. With increasing 
pressure, the quantity of gas going into solution increases. Thus during 
the winter months, aeration from the atmosphere, in the waters of San Juan 
Channel, affects water layers at some depth below the surface. As the 
solubility of a gas increases with decreased temperature, another factor 
functions during the winter months which favors the rate of solution of 
greater quantities of oxygen. In Figure 14 it will be observed that the 
amplitude of the curves for dissolved oxygen varies from year to year, and 
this to a large measure may be attributed to weather conditions. 

The winter and fall of 1935, the fall of 1933, and the winter of 1934 were 
characterized as being of considerable mildness, while during the fall 
months of 1934 and the winter months of 1935, there were strong winds of 
long duration accompanied at times by heavy rainfall. These conditions 
augmented by the turbulent nature of the waters had a marked influence 
upon the quantity of dissolved oxygen. The difference between these two 
periods is illustrated in Figure 14. With the coming of spring, there is 
generally a beginning of decreased oxygen values. The values then de-
crease generally throughout the summer and remain more or less constant 
during the fall months. 

In the reports of previous investigations by the authors or their colleagues, 
the spring and fall maxima of oxygen values have been shown for the 
region of the San Juan Archipelago, Puget Sound, and the Strait of Juan 
de Fuca. Maxima were always obtained in the surface waters or waters near 
the surface. The data reported herewith are unique in that such maxil'!la 
are not manifested. This apparent absence is explained by the fact that 
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samples were taken at a point where the waters had been subjected to the 
marked turbulence of tidal action in water layers averaging over a hundred 
meters in thickness. However, it should be stated that a plot of the detailed 
data would occa&ionally show high values for short periods of time in the 
spring and fall months. The plot of the maximum values in column eight 
of Table V, shown in Figure 16, indicates the effect of reactions due to 
photosynthetic activity more markedly than does the plot of the average 
values. It should be noted, however, that conditions approaching satura-
tion are very seldom obtained. 

The low oxygen values as indicated above may be explained by the fact 
that the first ten or twenty meters mark the zone where the process of 
photosynthesis takes place (6). In this zone, these reactions which tend to 
increase the dissolved oxygen, more than balance the reactions which tend 
to remove the dissolved oxygen. In the water layers below this depth, all 
conditions favor the removal of oxygen from solution. Thus, in the water 
layers of San Juan Channel, averaging 100 meters in depth, there are only 
about twenty metets of water favoring the increase of dissolved oxygen, 
while in the other eighty meters, factors exist which tend to lower the 
oxygen content. Considering conditions of turbulence and mixing, the 
results obtained are thus not surprising. 

During the last three years of this series phytoplankton samples were 
taken jointly with those for oxygen. The phytoplankton maxima of pro-
duction occurred during June 1933 and 1935, and July 1934. The correla-
tion between the maxima of plankton and dissolved oxygen content is very 
small if any. In this period the dissolved oxygen content had been dimin-
ishing at least a month before the phytoplankton maxima occurred. This 
phenomenon is decidedly opposed to the usual case elsewhere, where the 
seasonal phytoplankton growth is accompanied by an increase in dissolved 
oxygen content, as cited by Dakin and Colfax (3), Harvey (9), Gran and 
Braarud (5), Braarud and Klem (2), F9>yn (4). 

During the period of rapid phytoplankton growth, the upper twenty 
meters of water tend to be enriched with oxygen, but general turbulence of 
the waters produced conditions that favor a mixing and a distribution of the 
oxygen throughout the entire water mass. Another factor is that the great 
abundance of zooplankton during the summer months in the upper water 
layer consumes much of the oxygen as the result of respiration; while, at 
the same time in the deeper water, the processes of respiration demand the 
consumption of quantities of oxygen very much greater than that required 
during the winter months. At the time of greatest biological oxygen pro-
duction and consumption there is relatively little disturbance of the surface 
waters by wind and wave action and hence the processes of aeration ex-
perienced during the winter months are very considerably retarded. The 
increased temperature of the water over that of the colder portions of the 
year would tend to retard the rate of solution. 
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pH 

The pH values are shown in Table VI and are characterized by their 
relative constancy throughout the period of observation. These values are 
not corrected for salt error, any such correction being practically a constant. 
Cresol red was the indicator used. The results are correct for individual 
determinations to at least ± 0.05 pH units. 

Because of the small variations, the data for the period are not plotted. 
However, the monthly mean pH units are of interest when portrayed 
graphicall y as in Fig. 16. Constant values are shown for the winter months 
fo ll owed by increases in the spring and summer months, with decreases 
occurring in the fall. The graph for the maximum values shown in column 
eight fo ll ow very much the trend of the graph for the average values. On 
the other hand, the graph for the data in column nine is a straight line 
except for the low values of November, December, and January. 

PHOSPHATES 

In Table 7 are given the data showing the variations in the concentra-
tions of phosphates. These data are plotted in Fig. 17. 

There is a decided variation in the concentration of the phosphates from 
year to year. Such variations can not be attributed to differences in tech-
nique, to experimental error , or to possible changes in the standard solutions. 
The latter were always checked and prepared by at least two individuals, 
and the standard phosphate solutions used in the laboratories at Friday 
Harbor were always checked from time to time against the standard solu-
tions prepared on board the research vessel M. S. CATALYST. The ship 
standards were prepared in turn by different individuals. Occa ional 
checking of the methods used at the laboratory and aboard ship was per-
formed on the same samples. 

In the study of the seasonal variations of the phosphate concentration of 
_the waters of San Juan Channel in 1929, (23), one of the authors obtained 
a mean yearl y value of 0.0020 milli gram atoms of phosphorous per kilo . 
This value is higher than most of the values obtained in the period from 
October 1931 to October 1935. From the data presented herewith, it 
must be concluded that the mean yearly phosphate concentration is by no 
means nearl y as constant for other constituents and conditions reported 
above. The phosphate data tend to show a change from year to year, with 
the possibilit y of maximum values being obtained every four or five years. 

In general it may be said, however, that the phosphates begin to decrease 
after February, the decrease becoming more marked during the spring and 
fin ally reaching the lowest values about June. The phosphate concentra-
tion of the waters during the summer months for 1933 remained fairly con-
stant from June to October. In 1934, however, there was a decided 
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Figure 17. Graph showing the mean monthly concentrations for silicates, phosphates, 
ni trates and nitri tes from October 1931 to December 1935. 
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tendency for increased values after the June minimum. In 1935 t he con-
centration showed a tendency to increase after June but was not as marked 
as that observed during the previous year. Unusually high values were 
obtained in the fall of 1934 and the winter and fall of 1935. Graphs of the 
monthly means and the maxima and minima values as shown in tb,e seventh, 
eighth, and ninth columns of Table 7 and illu strated in Fig. 18, indicate the 
general variation in the concentrations of the phosphates. 

The seasonal decrease of the phosphate content of sea water due to the 
phytosynthetic activity of the phytoplankton foll owed by increased con-
centrations during the remainder of t he year is common knowledge from 
diverse areas throughout the world . This gross relationship was found to 
coincide with the data of t his investigation. The point of non-conformity 
with the general observation is simply that at no time did the phosphate 
content approach zero concentration, as has been noted in other localities. 
Harvey (9), and Gran and Braarud (5) emphasized the point that the 
phosphate content vari es widely from one region to another and is dependent 
upon the "life history of the water." Moberg (17) and McEwen (1 5) have 
demonstrated the upwelling of bottom water along the North American 
coast. Thompson et al (23) expressed the opinion that the high phosphate 
content of this area is the result of upwelled water. The influx of this up-
welled water into the Strait of Juan de Fuca, augmented by the normal 
enrichment as the result of leaching processes in the bottom waters of the 
area together with the markedly turbulent conditions, offers a plausible 
explanation of the fact that the phosphate condentration of the surface water 
was never depleted. In other words, the phosphate ·concentration was 
always sufficient for plant growth and thus can hardly be considered as one 
of the limiting factors. 

SIUCATES 

Changes in. the concentrations of the silicates during the fi,·e years are 
shown in Table VIII and the data graphically portrayed in Fig. 17. The 
values ranged from 40 to 60 mg. at. Si throughout the five years, except for 
the period from August 1934 to February 1935 when higher concentrations 
were observed. These latter occurred at practically the same time as the 
abnormally high phosphate values. The graph shows the seasonal flu ctua-
tions in the concentration of sili cates. The data in the la t three columns 
of Tabl_e VIII are pl?tte? in Fig. 18 and show that silicates begin to ~e-
crease m concentrat10n m February, the decrease continuing until June, 
after which there is a steady increase to November. 

The graphs expressing the concentration of silicates follow the same 
g:?eral trend as those for phosphates. The ratio of milligram atoms of 
silicon to phosphorus averages 30, the deviation from the mean seldom 
being more than 10 per cent; however deviations as great as 50 per cent may 
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sometimes be obtained in individ ual samples. Below are given the ratios 
calculated fr om t he monthly mean values of Tables 7 and 8. 

Si/P Si/P 

January .... . . 3 l July .. . ... . 32 

February . . . 30 August . . . . 33 

March .. .. . 28 September . .::a 
April . . 27 October . . .. . 32 

May . . 30 November . . . . 31 

June. . . 34 December . . .. 28 
Mean. . .30 

NITRI TES 

Changes in the concentra t ion of the nitri tes in the fi ve years are shown 
in Table IX and the data ill ustrated in Figs. 1G and 17. From a study of 
the graph in Fig. 17, it may be said that the concentration of ni t ri tes tends 
to increase beginning wi th the summer months, the increase extending 
until earl y fall when the maximum is reached. After October, the concen-
t ration of ni t rites rapidly decreases, finall y reaching a minimum in February. 
This relationship is illu st rated in F ig. 18 where curves for the mean maxi-
mum, and minimum a,·erage values fo r each month of the year are gi,,en. 

There seems to be an in verse relati onship between the concentration of 
nitrites and phosphates, which may be accounted fo r by the consumption 
of the phosphate by the phytoplankton and the correlation of the phyto-
plankton producti on maxima with the subsequent increased nitrite con-
centrati ons. The gross seasonal rela tionships bet,veen the phytoplankton 
activ it y and the nitrite content of this area are in general agreement " -i th 
the work of T. Soot-Ryen (20) in the North-Norwegian fjords, I\. erjbin -
kaya (25) in Barents Sea and Atki ns (1) in the Engli sh Channel. _·\1 o, the 
authors agree with the above writers that the varying nitrite content of 
sea water refl ects an index of the oxidation of the nitrogen organic com-
pounds to nitrate, which in t urn re-enter the nitrogen cycle of the sea as 
nutrient salts usable by the phytoplankton population. The ratios of the 
mean milli gram atom values for each month of the year of the concentra-
ti on of phosphorus to the nitrogen of the nitrite show con tancy about 
seven months of the year as i llu strated below. 

N /P /P 
January . .081 July._ .21 
February . . .063 August .. .23 
March . .087 September .25 
April . . 15 October .. .23 
May. .18 November. .16 
June . .21 Decemher . .09 

Mean . .15 
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NITR ATES 

The data for the nitrates are given in Table X and illu strated graphicall y 
in Figs. 16 and 17. Considerable diffi cul ty is experi enced in the determina-
tion of nitrates, using the reduced strychnine sulfate method. As stated 
previously, much of the data reported herewith has been carefull y controlled 
&nd chetked with standards prepared by various indi viduals, and in some 
cases, samples have been analyzed independently by diff erent individuals. 
Excell ent checks and agreements are in vari ably obtained for all the con-
stituents studied with the exception of ni t rates, and here the variations may 
sometimes be enormous. 

Redfield (18) presents data showing the tendency for the existence of u 
constant ratio between the concentration of nitrates and phosphates. 
Be states : " I t is scarcely to be expected that these relations will hold in 
water bodies of limit ed extent, where local conditions such as the proximity 
of land, the infi ow of ri vers, and t he peculi ari t ies of a local fl ora and fauna 
may alter the picture. Ex::imination of data for such regions as the Balti c, 
the Norwegian fj ords, the Denmark strait, indicate that this is the case." 
According to data by Harvey (9), there is a vari ation in the English Chan-
nel of this ratio and Coope, has shown that in this region where acti ve 
regeneration takes place, variation in the ratio of nitrate to phosphate is 
attributable to the longer time required to complete the regenerati on of 
nitrate fr om decomposing albuminous matter. In the Gulf of Maine data 
recently secured by Dr. Rakestraw indicate that the ratio of the vari ation 
of nitrate and phosphate with depth is lower and more variable than in t he 
open ocean outside the Gulf. 

The data reported herein show a marked vari ati on in the ratio fo r indi-
vidual samples. H owever, the ratios of the average monthly values are 
numbers that vary less than ten per cent fr om the mean. These rati os 
are much smaller than those reported by Redfield. 

N/P N/P 
January . . . . 11.8 July . .. .. 12.8 

February. . . . 13. l August . . 12.3 

March . . . . . 13.6 September . . .11.9 

Apri l . . . . 11.9 October . . . . 13.5 

May .. . . . . 12.0 November . . 13.9 

June .. . . 12.4 December . . . .. 13.1 
M ean . . . . .. . 12.7 

Both the nitrate and phosphate values appear to he greater than those 
presented by investigators for various parts of the Atlantic. The concen-
trations of nitrate in San Juan Channel are not subjected to as marked a 
seasonal variation as manifested by other constituents. The authors feel 
that, due to the inadequacy of the determination of nitrates, it is unwise to 
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draw any definite conclusions at the present time. However, the data for 
the mean, maximum and minimum values for each month in the year 
demonstrate decided seasonal periodicity , with the tendency of the concen-
tration of nitrates to decrease during the spring and earl y summer months 
and to increase thereafter, these variations being due to the photosynthetic 
activity of phytoplankton and to processes of oxidation. 

In Table XI is given the precipitation received at the town of Friday 
Harbor at a point approximately one and a half miles from the Observation 
Pier where all other data was taken. These precipitation totals are ex-
pressed as inches of water and are plotted in Fig. 14. In the sixth column 
of the table is shown the mean precipitation for each month, while in the 
seventh and eighth columns are given the maximum and minimum values 
observed for each month of the entire period. Al l these are expressed 
graphically in Fig. 15. While heavier precipitation occurred during the 
winter months, the greatest value being 11.34 inches for January 1935, 
lighter rainfall was recorded during the summers, with_ July 1932 the only 
month showing no precipitation. 

The rainfall in the San Juan Archipelago is somewhat less than that of 
the surrounding mainland. An explanation for this phenomenon may be 
that the prevailing southerly storms from the Pacific, which are responsible 
for much of the precipitation, lose most of their moisture in rising over 
the Olympic Mountains, and since the Archipelago li es in the lee of these 
mountains, it receives relatively less rainfall than contiguous terri tory. 

Table XII gives a comparison, by monthly totals and differences, of the 
precipitation received for the years 1934 and 1~35 at the town of Friday 
Harbor and at the Laboratories. It will be noted that the precipitation 
at the town exceeded that at the Laboratories with the exception of three 
months, June and July 1934 and October 1935. Nevertheless, the total 
precipitation for both years at the town was greater than that of the Lab-
oratories by approximately 20 per cent. A recalibration of both gauges 
indicated these differences were actual. The occurrence of such differences 
within a distance of two miles and within 50 feet in elevation seemed 
interesting and is undoubtedly the result of local topography. 

SUMMARY 

1. Data are presented showing changes in temperature, chlorinity , and 
P.~ and c~a?ges in th~ concentrations of dissolved oxygen, phosphates, 
~1hcates, m~ntes, and nitrates in the sea water near Friday Harbor, ,vash-
mgton, durmg a five-year period, January, 1931, to December, 1935. 

2. The average yearly temperature of the surface waters for three of the 
five years did not vary more than .07° C. The highest yearly mean 
occurred in 1931, 9.23° C., and the lowest in 1933, 8.74° C. 

3 . . The_ average chlorinity was 16.72°/oo- The highest chlorinities were 
obtained m the fall of the year and the lowest during the summer months. 
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4. The dissolved oxygen rnlues are considerably different from those 
ordinarily reported from other regions. The surface waters seldom showed 
a saturation value greater than 80%. Local conditions are given as an 

.. explanation. 
5. The pH values did not vary by more than .32 pH units throughout the 

entire period. 
6. The phosphates showed a decided seasonal fluctuation, and the average 

yearly values indicate a periodicity extending over a number of years. 
7. The silicate values lik ewise showed a seasonal variation and with the 

exception of the year 1934, when abnormally high values were obtained, 
the yearly averages are quite constant. 

8. Highest nitrite values were obtained in the summer months and the 
lowest in the winter. Comparison of figures shows ah inverse relationship 
exists between the nitrites and phosphates. The nitrite values show a 
decided seasonal variation as well as a variation from year to year. 

9. Although the nutrient salts show an annual decrease during the 
period of greatest phytoplankton production, it is unique that their con-
centration did not diminish sufficiently to become a limitin g factor in the 
phytoplankton productivity. 

10. The effect of rainfall upon the sea water is discussed and data is pre-
sented showing the variation in precipitation between two stations separated 
by less than two miles. 
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TABLES 

T ABLE I 

THE AVERAGE TEMPERATURES FOR EACH MONTH OF THE SURFACE W ATEHS, 
OBSERVATION PIER, OCEANOGRAPHIC LABO RATORIES, FRIDAY HARBOR, 

WASHINGTON. JANUARY 1, 1931 TO D ECEMBER 30, 1935. 

Monthly Maxi- Mini-
1931 1932 1933 1934 1935 Mean mum mum oc oc oc oc oc oc oc oc 

January 7.92 7.40 7 . 13 7. 71 7.33 7.54 8.00 6.72 
February 7.80 6.54 6.62 7.73 7.08 7.15 7.90 6.38 
March 8.23 6.88 6.83 8.01 7.44 7.48 8.50 6.55 
~ril 8.93 7. 79 7.59 8 71 7.76 8.16 9.00 7.03 

ay 10.07 9.03 8.54 9.26 8.91 9.16 10.50 8.3() 
June 10.43 9.99 9.46 10.39 9.68 9.99 10.82 8.95 
July 11 . 28 10.32 11 . 76 10.40 10.26 10.80 12.90 9.50 
August 11 08 10. 76 11.03 10.65 10.37 10. 79 14.25 9.80 
September 10. 75 9.94 10.46 10 .10 10.31 11.97 9.42 
October 9.65 9.52 9.73 9.73 9.66 10.26 8.82 
November 8.86 8.96 8.57 9.19 8.57 8.83 9.29 8.00 
December 7.76 7.67 7.89 8. 49 7.93 7.95 8.96 7.39 

Yearly M ean 9.27 8 .81 8.74 9.23 8. 77 8.99 
Maximum of Maxima . . ...... 14.25° A ugust 15, 1933 
Minimum of Minima . 6.38° February 17, 1932 

Difference . . 7.87° 

TA~LE II 
T HE AVERAGE CHLORINITIES FOR EACH MONTH OF THE SURFACE WATERS, 

OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES, FRIDAY HAR.BOB, 
WASHINGTON. JANUARY 1, 1931 TO D ECEMBER 30, 1935. 

M QTl,/hl,y Maxi- Mini-
1931 1932 1933 1934 1935 Mean mum mum 
0 Io o 0 Io o 0 Io o 0 / oo 0 Io o 0 I oo 0 I oo 0 I oo 

January 17.13 17 04 16.55 16.37 16.46 16.75 17.22 16.17 
February 16.91 17.03 16.73 16.52 16.08 16.65 17. 11 15.99 
March 16.94 16.90 16.69 16.60 16.28 16.68 16.98 16.24 
~ril 16.91 16.96 16.64 16 59 16.37 16.69 17 .11 16.23 

ay 16. 75 16.81 16.73 16.47 16.49 16.65 17.02 15.93 
June 16.96 16.48 16.75 16.37 16.70 16.65 16.86 15.89 
July 16.20 16.82 16.12 16.72 16.45 16.46 17.07 15.00 
August 16.80 16.89 15.76 16.67 16.60 16.54 17 .·18 13.20 
September 16. 95 16.82 16.80 17.04 16.90 17.21 15.88 
October 17.22 16.62 17 .14 16.98 16.99 17.36 15.88 
November 17.05 16.70 16.85 16.78 17 . 11 16.'W 17 .17 16.58 
December 17.13 16.56 16.60 16.70 17.08 16.81 17.21 16.34 

Yearly Mean 16. 91 16.83 16.57 16.64 16.64 16.72 
Maximum of Maxima . . . ... . 17.36°/00 October 30, 1931 
Minimum of Minima . . . . . . . . . . 13.20°/00 August 15, 1933 

Difference . . 4.16°/00 
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TABLE III 
THE AVERAGE DENSITIES IN SITU FOR EACH MONTH OF THE SURFACE WATERS, 

OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES, FRIDAY HARBOR, 
WASHINGTON. JANUARY 1, 1931 TO DECEMBER 30, 1935. 

Monthly Maxi- Mini-
1931 1932 1933 1934 1935 Mean mum mum 

O" t O" t O"t ,,., ,,., ,,., ,,., O" t 

January 24.16 24.06 23.22 23.09 23.30 23.57 24.27 22.95 
February 23.86 24.17 23.24 23.30 22.76 23.47 24.27 22.63 
March 23.84 23.71 23.66 23.38 22.99 23.52 23.93 22.97 
~ril 23.70 23.91 23.47 23.40 23.08 23.51 24.08 23.01 

ay 23.27 23.54 23.42 23.02 23.06 23.26 23.86 22.22 
June 23.54 22.91 23.37 22.69 23.26 23.15 23.53 21. 97 
July 22.32 23.34 22. 11 23 .54 22.78 22.82 23.72 20.51 
August 23.19 23.33 21. 74 22.91 22.80 22.79 23.77 17.58 
September 23.43 23.40 22.93 23.88 23.41 23.98 21 .52 
October 24.00 23. 18 23.24 23.62 23.51 24.27 22.08 
November 23.91 23.38 23.64 22.64 23.98 23.51 24.15 22.50 
December 24.15 23.36 23.41 22.76 24.06 23.55 24.23 22.42 

Yearly Mean 23. 72 23.56 23.16 23.08 23.30 23.51 
Maximum of Maxima . . . .... .. 24.27 January 17 and October 30, 

1931 and February_25, 1932 
Minimum of Minima . . . 17.58 August 15, 1933 

Diff erence . .. 6.69 

TABLE IV 
THE AVERAGE VALUES FOR DISSOLVED OXYGEN OF THE SURFACE WATERS FOR 

EACH MONTH, OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES, 
FRIDAY HARBOR, WASHINGTON. OCTOBER 1, 1931 TO 

DECEMBER 30, 1935. 
Milligram Atoms per Kil ogram of Water 

Monthly Maxi- Mini -
1931 1932 1933 1934 1935 Mean mum mum 

January 0.526 0.485 0.466 0 .513 0.498 0.542 0.428 
February .525 .505 .474 .510 .504 .540 .464 
March .518 .512 .465 .522 .504 .550 .250 

~ril .495 .526 .414 .498 .483 .581 .276 
ay .480 .554 .370 .470 .469 .568 .314 

June .520 .434 .421 .458 .539 .366 
July .364 .477 .389 .362 .398 .506 .312 
August .375 .348 .376 .363 .366 .479 .269 
September .383 .314 .388 .354 .360 .432 .288 
October 0.387 .314 .398 .371 .368 .416 .274 
November .430 .398 .318 .435 .409 .398 .502 .308 
December .462 .453 .366 .492 .441 .443 .544 .314 

Yearly Mean .451 .437 .425 .436 .437 

Maximum of Maxima .. . .. 0.581 ~ril 18, 1933 
Mini mum of Minima . . . . 250 arch 3, 1934 

Difference . .. ... . . .331 
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TABLE V 

[I , l 

THE AVERAGE VA LUES FOR PER CENT SATURATIO NS OF DI SSOLVED OXYGEN OF 
THE SURFACE WATERS FOR EACH MONTH, OBSERVATION PIER, OCEANOGRAPHIC 

LABORATORIES, FRIDAY HARBOR, WASHINGTON. OCTOBER 1, 1931 TO 
D ECEMB ER 30, 1935. 

Monthly Maxi- Mini -
1931 1932 1933 1934 1935 Mean mum mum 

% % % % % % % % 

January 87.5 79.4 77.3 84.7 82.2 89.6 71 .0 
February 85.3 82. 1 78.7 83. 1 82.3 87.7 76.2 
March 84.9 83.7 78 .0 86.0 3.2 92.0 41. 9 
~ril 82.9 87 5 70.3 82.6 80. 97.0 47.0 

ay 81. 8 93.8 61.6 80.8 79.5 96.3 53.8 
June 90. 1 76.3 73.2 79.9 93.0 64.4 
July 64.5 85.9 68.6 63.9 70.7 88.4 54.7 
August 67.0 61. 7 66. 7 64.1 64.9 87.1 47.3 
September 68.4 54.9 69.1 62.0 63.6 78.0 51. 7 
October 66.2 54.5 69.5 64.4 63. 7 70.4 48.1 
November 73.9 68.3 54. 1 74.9 69. 1 68. 1 6. 1 52.4 
December 77.5 75.5 61.1 82.8 73.7 74.1 9.6 53.0 

Yearly Mell.n 76.6 74.0 72.8 74.0 74.4 

Maximum of Maxima . .. .... . 97.0% ~ril 18, 1933 
Minimum of Minima . ... ... . 41.9% arch 3, 1934 

Difference . . . .. ... 55.1% 

TABLE VI 

THE AVERAGE PH OF THE SURFACE WATERS FOR EACH M ONTH, OBSERVATIOX 
PIER, OCEANOGRAPHIC LABORATORIES, FRIDAY HA RBOR, WASHlNGTOK. 

OCTOBER 1, 1931 TO D ECEMBER 30, 1935. 

M onthly ]foxi - Jlini-
1931 1932 1933 1934 1935 ].Jean mum mum 

January 7.83 7.79 7.80 7.80 7.81 
February 7.85 7.84 7.80 7.80 7. 2 
March 7.85 7.85 7.82 7.87 7 . 5 
~ril 7 85 7.87 7.83 7.90 7.86 

ay 7.90 7.93 7.87 7.96 7.92 
June 8.00 7.96 7.92 7.97 7.96 
July 7.90 7.93 7.85 7.86 7. 9 
August 7.92 7.90 7.88 7.84 7. 9 
September 7.92 7.82 7 83 7.85 7 . 6 
October 7.85 7.82 7.82 7.80 7.82 
November 7.82 7.85 7.80 7.81 7.80 7.82 
December 7.80 7.80 7.80 7.80 7.80 7.80 

Yearly Mean 7.88 7.86 7.84 7.85 7. 6 

Maximum of Maxima . . . . . . . . . 8.10 August 15, 1933 
Minimum of Minima . . . 7.78 December 27, 1932 

Difference . ... ... .32 
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THE AVERAGE CoNo;NTRATION OF PHOSPHATE OF' THE SURFACE w ATERS FOR 
EACH MONTH, OBSERVATION PIEH, OCEANOGRAPHIC LABORATORIES, 

FRIDAY HARBOR, WASHINGTON. OCTOBER 1, 1931 TO 
DECEMBER 30, 1935. 

Milligram Atoms P X 103 per Kilogram of Water 

Monthly Maxi- Mini-
1931 1932 1933 1934 1935 Mean mum mum 

January 1.79 1. 68 1. 47 2.42 1. 84 2.50 l. 44 
February 1.73 1.84 1. 47 2.47 1.88 2.60 1. 38 
March 1.83 1.73 1. 41 2.35 1.83 2.40 1.32 
April 1. 51 1.47 1.35 2.14 1. 62 2.30 l. 26 
May 1. 25 1. 36 1.26 1. 64 1. 38 1. 80 1.08 
June 0.99 1.20 1. 26 1.56 1. 25 1.90 .94 
July 1. 22 1.52 1.68 1. 47 2.66 1.00 
August 1. 17 1. 59 1. 75 1. 50 2.40 .82 
September I. 26 1. 85 1.76 l . 62 2.11 1.13 
October 1. 07 1.17 1.79 2.28 1.58 2.40 1.00 
November 1. 29 1.10 1. 36 2.61 2.77 1.83 2.94 .89 
De<;ember 1. 58 1. 65 1.42 2.82 2.53 2.00 3.29 1.33 

Yearly Mean 1.48 l . 41 l . 70 2.11 1. 65 
Maximum of Maxima ... ...... 3.29 December 3, 1934 
Minimum of Minim a .. . ... . . . . 0.82 August 11, 1933 

Difference . . . . . . 2.47 

TABLE VIII 
THE AVERAG\; CONCENTRATION OF SILICATES OF THE SURFACE WATERS ~' OH 

EACH MONTH OF THE YEAR, OBSERVATION PIER, OCEANOGRAPHIC LAB -
ORATORIES, FRIDAY HARBOR, WASHINGTON. OCTOBER 1, 1931 TO 

DECEMBER 30, 1935. 
Milligram Atoms Si X 103 per Kilogram of Water 

Monthly Maxi- Mini-
1931 1932 1933 1934 1935 Mean mum mum 

January 52 51 57 67 57 70 49 
February 50 51 53 68 56 70 48 
March 48 50 54 55 52 63 45 
April 46 44 46 41 44 48 38 
May 44 41 44 41 42 49 38 
June 38 43 49 39 42 59 33 
July 46 42 58 41 47 61 38 
August 43 44 62 49 50 80 37 
September 48 62 41 50 70 38 
October 42 54 63 43 51 66 37 
November 49 59 59 65 47 56 70 42 
December 51 55 56 66 48 55 70 46 

Yearly Mean 48 49 57 48 50 

Maximum of Maxima. .... ... . 80 August 30, 1934 
Minimum of Minima .. . .33 June 15, 1932 

Difference .... . . .47 
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TABLE IX 

[I, I 

Tm, AVERAGE CONCEN'l'KATlON OF NITRITES OF THE SURFACE WATERS FOR 
EACH MONTH, OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES, 

FRIDAY HARBOR, WASHINGTON. OCTOBER 1, 1931 TO 
DECEMBER 30, 1933. 

Milligram Atoms of Nitrogen X 103 

Monthly M~ Min~ 
1931 1932 1933 1934 1935 Mean mum mum 

January 0.13 0 .13 0 . 13 0.23 0.15 0.29 0.10 
February .11 . 12 . 12 . 11 . 12 . 14 .03 
March . 18 . 17 . 19 . 11 .16 .24 .04 
~ril .20 .32 .26 .20 .25 .42 .14 

ay .20 .28 .27 .26 .25 .35 .18 
June .17 .27 .28 .32 .26 .45 .15 
July .14 .31 .36 .46 .32 .56 . 11 
August . 18 .26 .37 .54 .34 . 75 . 18 
September .28 .38 .53 .40 .73 .23 
October 0.34 .26 .42 .41 .36 .45 .22 
November .30 .26 .22 .39 .34 .30 .45 . 13 
December .16 . 12 .17 .22 .22 . 18 .42 . 11 

Yearly M ean . 17 .23 .28 .31 .26 
Maximum of Maxima . ...... 0.75 August 29, 1935 
Minimum of Minima . .03 February 9 and 13, 1932 

Difference . . .72 

TABLE X 
THE AVERAGE CONCENTRATION OF NITRATES OF THE SURFACE WATERS FOR 

EACH MONTH, OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES, 
FRIDAY HARBOR, WASHING TON. OCTOBER 1, 1931 TO 

DECEMBER 30, 1935. 
Milligram Atoms of Nitrogen X 103 

Monthly Maxi- Mini-
1931 1932 1933 1934 1935 M ean mum in.um 

January 27.0 20.0 19.0 31. 0 21.8 37 10 
February 30.1 18.6 18.9 31. 0 24. 7 36 16 
March 32.0 18. 1 20.7 28.7 24.9 35 15 
~ril 26.0 11 .4 14. 1 25.6 19.3 33 10 

ay 22.2 8.8 11. 4 24.0 16. 6 30 8 
June 17.3 9.3 12.7 22.6 15.5 23 6 
July 22.0 9.6 19.5 24.2 1 29 5 
August 14.0 9.7 23.1 26.6 18.4 36 ,I 
September 12.7 19.8 25.5 19.3 30 10 
October 24.0 12.2 20.2 28.8 21. 3 32 10 
November 30.0 13.9 17.7 30.9 34.4 25.4 35 11 
December 27.0 18.2 20.4 31 . 5 26.3 37 16 

Yearly Mean 22.2 14.0 20.2 27.5 21.0 
M aximum of Maxima . 37 December 30, 1931 and January 3, 

Minimum of Minima . 
1932 

. 4 August 3, 1932 
Difference . . . . . . . 33 
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TABLE fil 
RAINFALL AT FRIDAY HARBOR FROM OCTOBER 1, 1931 TO DECEMBER 31, 1935 

Measurements in Inches 

Aver- Maxi- Mini-
1931 1932 1933 1934 1935 age mum mum 

January 3.64 3.29 4.78 5.94 11 .34 5.80 11 .34 3.29 
February 2.55 4.87 1.95 1. 62 1.06 2.41 4.87 1.06 
March 2.61 4.06 2.14 3.48 3.40 3.14 4.06 2.14 
~ril 0.57 1.89 0 .26 1. 27 0.57 0.91 1. 89 0.26 

ay 0.83 0 .27 2.15 0. 71 0.37 0 .87 2.15 0 .27 
June 2.71 0.92 0 .66 0 .04 0.43 0.95 0.92 0.04 
July 0.65 0.00 1. 57 0.14 0.74 0.62 1. 57 0.00 
August 0. 13 1. 47 0.59 0.69 0.74 0.72 1. 47 0.59 
September 2. 71 0 .60 2.64 0.85 1.32 l . 62 2.64 0.60 
October 0.99 2.92 4.00 2.08 2 39 2.48 4.00 0 .99 
November 3.29 6.87 3 .96 4. 17 2. 16 4.09 6.87 2.16 
December 2.30 2.49 9.43 5.57 1.93 4.34 9.43 1. 93 

Total 22.98 29.65 34.13 26.56 26.45 27.95 

TABLE XII 
COMPARISON OF THE RAINFALL IN THE TowN OF FRIDAY HARBOR AND AT THE 

OBSERVATION PIER, OCEANOGRAPHIC LABORATORIES. 

Inches of Rainfall 

1934 1935 
Town Laboratories Difference Town Laboratories Difference 

January 5.94 Incomplete 11.34 9.47 -1.87 
February 1. 62 0.81 -0.81 1.06 0.72 -0.34 
March 3.48 3.24 -0.24 3.40 1. 98 -0.42 
~ril 1. 27 0.84 -0.43 0.57 0.16 -0.41 

ay 0.71 0.48 -0.23 0 .37 p.31 -0.06 
June 0.04 0.07 +0.03 0.43 0.21 -0.22 
July 0.14 0 .16 +0.02 0.74 0. 71 -0.03 
August 0.69 0.55 -0. 14 0.74 0.54 -0.20 
September 0.85 0 .78 -0.07 1.32 l. 81 +0.49 
October 2.08 110 - 0 .98 2.39 2.04 - 0.35 
November 4.17 3. 43 -0. 74 2.16 1.84 -0.32 
December 5.57 4 05 -1.52 l . 93 1.08 -0.85 

Totals 26.56 21 . 45* 26.45 20.87 

* The town January rainfall was substituted for the Laboratories for January. 


