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INTRODUCTION AND REVIEW OF LITERATURE

The voluminous limnological literature contains few studieas
- of mountain streams. Though there are a fow papers on the benthic
‘.. (see Budde 1928, Raabe 1951) only Pennak (1943) reports year-

The comprehensive studies of stream phytoplankton have been
on large rivers by Kofoid (1903, 1908) on the Illinois, Allen
) on the San Joaquin, Reinhard (1931) on the Mississippi,

in England, and others. The literature on the larger streams
~ 4s included in the reviews by Blum (1956) and des Cilleuls (1928)
and will not be cl'n-ounu treated here.

The algae are the basic producers in the aguatic environment.
It has been the objective of the present study of the phyto-

: our knowledge of the ecology of the algae of the Logan River in

.‘

. particular and of mountain streams in general.

The ters phytoplankton is used here to include all the algae

. found drifting free in the water of the streas.
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GENERAL DESCRIPTION OF THE RIVER AND LOCATION
OF SAMPLING STATIONS
Seneral description of tae river
The Logan River heads just over the Utah-Idahc border in
southern Idaho and flows south, then south-west, then west,

through the Bear River raage of the northern Wasatch mountains,

‘;
.ﬁ
:
3

to its Junction with the Little Bear River in Cache Valley, Utah.
;; total length is approximately 40 miles. Many of the peaks in
the water shed are from 9,000 te 10,000 feet above sea level,
with the floor of Cache Valley at approximately 4,400 feet.

The river is & swift cascading stream for most of its
u-.u..uu relatively steep gradients (Figure 1) and main

ot
and & to 9 or more feet per second during the spring floed. . .

’

The ayerage width is about 35 feet, with the width at any par-

 tiewlar location dependant upon local canyon configuratiom. The
F' river is shallow, seldom over two feet deep during the low water o

period of fall and winter. The average depth at 9 randomly se-

lected transects was 12.3 inches 4during the winter of 1956-57.
Water depths were not messured during the spring flood but were
sotimated at 2 to 4 feet. There are 2o full width pools in the
oanyon section of the river, and oanly a few half width pools
with back eddies.

The dominant rocks of the area are gray blocky limestones

and dolomites, and moat of the bottom material is composed of

strean velocities of 2 to 5 feet per second for most of the year \ ¢




’ 12 4 4 ® .
7 Miles from 3tatiom 1

,‘ h 1. Profile of the Logan River showing location of sampliag

stations and gradisnt ila feet per mile for reprecentative
. ®sectioms

= ey y—r e —
Peb. Apr, Tane Aug.

2. Avarage monthiy flow for *he Logas River at the canyen
aoutn




.

to rounded limestone and dolomite cobbles and boulders.
~ In the upper part of the canyon section, however, rounded boulders

of pink quartzite are more abundant than the limestones. Only in

I

]

k In the upper canyon section and ip stretches with very steep

& few sections where channel straightening has been done are
saterials fine enough to be called "gravels" found in any abundance.
_ Small patches of sand and gravel may be fourd on the downstream

side of large permanent boulders, however.

o * gradieant throughout the canyon the tops of the larger boulders

The change of gradient and substrate at the mouth of the
canyon is abrupt. The river very quickly changes in character,
;.d.lc a meandering valley stream with banks and bottom of sand,
clay, silt, and some gravel. Velocities at station 7 ranged from

at “ flood.
The dominant factor in the regimen of the river is the e ring

F' uader 0.5 feet per second during the summer to 4.7 feet per second

flood caused by the melting of the snow from the higher mountsains.
Melting of the snow in the valley and lower canyon in early spring
’mo the flow of the valley section of the river for a short
. but this soon subsides. It is not until the high altitude

begin to melt that the main run-of{ begins, usually in late

o
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March or ecrly April. The run-off came a little earlier than the
average the first spring of the study (1956), and a little later
than average the second spring (Figure 2).

The river in the lower part of the canyon has been developed
for electric power generation and for irrigation. The first dam,
at the mouth of the canyon, ic used to provide a hoad for a high
voluse, low velocity turbine at the base of the dam. The impound-
sent of about 1l acres has a considerably reduced volume because
of sediment deposits. Much of the area is shallow, and maximus
depths were on the order of 10 to 15 feet. One irrigation canal
takes water out below this dem and a second canal takes water
out about one-fourth mile further downstreas.

The second dam is about two miles upstream from the caayon
south, It is a diversion dam, with the water diverted into a

. wooden flume and returned to tie river through & power plant just
~ #bove the first dam. The second dam impoundment is very small,
really comprising oanly a short section of slow deep stream. A
third irrigation canal takes water out between the second dam and
L the canyon mouth. Except for the flood period the streaam channel
~ between the second dam and the canal diversion carries only
snough water for the canal. The streas channel from the canal
diversion to the mouth of the canyon is dry at first and then
picks up some seepage and spring water.

The third dam, 3.5 miles above the canyou south, diverts

. water iato a pips, this water returns to the river through a
power plant just above the second dam. The entire flow 1s divert-
into the pipe except during the flood, and except for flood

the main channel between the third and second dams carries
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A _ only seepage and spring water. The area of the third impoundment
ih about the same as that of the first, 11 aores, and like the
first impoundment it is extansively silted in, with only a channel
' of deep water through the upper part and an area of deep water
near the dam. Maximum depths are 8 to 10 feet.

Location of sampling stations

. It was decided to establish stations which would permit the

. 4 evaluation of changes slong the river and during the season, with
~ the effects of the impoundments to be studied by sampling above
The stations had to meet several criteria. The number of

" stations were required to be such that collection could be com-

. ~ pleted during 1 day. Within this numerical limit they should

_":4 reflect as well as possible the changing conditions of the river.
The stations had to be readily accessible the year around, with
winter the critical time for accessibility. Access was facil-
itated by the fact that highway 59 parallels the river for the
firet 25 miles of the canyon.

Preliminary work indicated 8 stations to be the maximum
sumber which could be runm in a single day. The & stations were
finally located as follows:

Station 1. Red Banks Bridge. Elevation 6,260 feet. This
4s the highest point at which the river can be reached from the
bigheay in winter without skis or snowshoes. The highway leaves
’7 the river completely approximately 2 1/2 miles above this point.
3 The sanyon above here is wide, with moderatel. sloping sides. The
is iz general wide (40 to 50 feet) acd shallow (ueually
1 foot).
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Staetion 2. Logan Cave. Elevation 5,400 feet., The cauyon

here is narrow, with high walls which cut off direct sunlight
during much of the day. The streom is narrow (25 to 35 feet),
and deeper (1 to 2 feet) than the section above Red Banks. Temple
Fork, one of the major tributaries, enters between Red Banks and
Logan Cave.

Station 3. DeWitt Camp. Elevation 5,050 feet. Tke czazyon
here is more open than at Logar Cave but the walls are high and
steep. The river is somewbat wider again (35 to 45 feet) and
quite shallow, mostly under 1.5 feet. To poiat out the sxtreme
wariability however, just 500 yards upstrear from this station
there is a 100 yard section of stream witl 2 zarrov channel and
depths of 2 to & feet, The station is approximately 100 yards
above the back waters of the third impoundment. Right Hand Fork,
a smsall tributary, enters the river between stations 2 and 3.

Station 4. Outlet of third impoundmant. Approximately
three-fourths mile from Station 3. The water flows from the sur-
face of the dam through a vertical grili into the pipeline surge
chamber. The station is at the grill.

Station 5. Above first impoundsment. Elevation 4,590 feet.
This station was originally located about 100 yards downsircam from
the confluence of the main river channel and the power station
spilliway, and just above the backwaters of the first dam. Pre-
liminary tests indicated that the waters were mixed at this point.
However, further tests at the beginning of the second year showed
that the mixing was incomplete and erratic, and the station was

split, Samples were taken on alternate collecting days thereafter
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from the main river channel (5A) and the power raceway (5B) above
their confluence. The data for the first year at station 5 were
not analyszed since it was considered impossible to interpret .

Station 6. Below first dam. Elevation 4,620 feet. The
station is approximately 200 feet downstream from the dam. This
etation was characterized by an extremely luxuriant growth of moss
on the rocks, much more than was found at any other location on
the river.

Station 7. Mendon Bridge. Elevation 4,430 feet. This sta-
tion is about four miles from station 6. It is on the valley
floor below the city of Logan. The streaa is slower and deeper,
with bottom of finely divided material and some gravel. The
banks are brushy or undercut. Blacksmith Fork River, a stream
about half the size (at that point) of Logan River, enters between
Logan City and Mendon Bridge.

Station 8. Boat Landing. Elevation 4,420 feet. This sta-
tion is adbout four air-line miles from station 7: however, the
river seanders considerably. The station is not oa the Logan
River proper. It is on the Little Bear River a short distance
below the confluence of Little Bear and the Logan River. This

station was established to try to trace the fate of the mountain

~ Stream plankton. The rivers at this point are just entering the

back waters of Cutler Dam, and the water level is controlled by

the dam. There is always a definite current however, urcually
. about 1.5 to 2 feet per second.
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 Salume of flow
Volume of flow data for stations HA and YW and for the total
flow at the mouth of the canyon were obtained from the Logan

office of the Water Resources Division of the U, 4. Geologioal

Flow estimates et the othsr stations were made from atreas

3 fg profiles, and gage height and velocity data collected by projeot
:EM. Profiles of the natural astream bed were made by

54k
: \:',m' from a reference line to the atream bottom. Oage

;'Mu were recorded at each collection as distance from the

‘,j ‘reference line to the water surface.

. Veiocity measurements at each cross section were made several
times, at low, medium, and high water stages. Surface velocities
_ were taken at iatervals across the stream and & welighted average

: &“lt’ obtained. The velocities were weighted by the depth of

's the water at the point of seasurement. Cross sectionsl volume was

i obtained from the gage helight and profile dats.

B

Flows were calculated by the formuls
F=aAVC

shere ¥ « fiow in cubic feel per second,

A = cross sectionsal sres at the sessured gage heignt,

V = welighted average velocily st the ssms messured gege
height as in 4, snd

C = a constant, 5.% for the canyon station witk rocks end
gravel bottoms, 0.7 for station 7 wilh & seasoth Lollos,

Gege Belight was piotted sgalne’ diecharge volume for sssh
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E Plechirge volumes were read from it ese Curves USing CADe BOASUIe-
i Seats taken o the collectioz trips.
Bater chemistry

Bater azalyses were done By the Tnited States Departament
of Agriculture Soils and WNater Asalyses lLaboratory at Utah State
PUniversity, usisg standard methods.

Oxygen determinations were made with the Winkler method as
given iz Belch (194%),

PH determinations were made by Eellige Color Comparetor EKit
and with a Beckmar pH meter.

Ehytoplankton collection and enumeration
The phkytoplankton were sampled in two parts; those large

5
4
f
;

snough to be retszined by a susber 20 silk plankton net--the net

- plankton--and hose too small to be retained by the net--the nannc-
m.

um. The net samples were obtained by pouring 5
:“t. of water of & liters each through the net, for a total

L' of 40 liters per sample. The water was taken from the msain cur-

i sent. The net, of pusber 20 s3ilk, was supported from s ring

~ stand with the silk portion of the net suspended inside a galvan-
4sed container a little larger in diameter than tie net. The net

- w88 supported in this sanner so that the organisms would not be

 forced through the meshes by the water asz it was poured in.

After the sample had been poured through, the net was lifted
; ont, and the .nside washed with water which had passed through

 the net. The cup was then removed, the excess water drained out

fhrough the sides by swirling, and the sample transferred to a
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~ soclationm.

“ ’ Observations wers made occasionally on special collecticns
Jl&—w of the regular collecticans did not begia uatil May

s .

Esumeration was done under a Bausch and Lomb sterec-micro-

The trough, cut iz a 5 iach circle of ocme-half iack lacite,
& diameter of 3 1/2 inches, depth of 3 mm. and a flat bottom
wide, with the sides slopirg at an aagle of 50° from the
| sertical. The sides and bottom of the trough were polishod after
,-ﬁ.t-;na--uzu. Nard (1955) recommends aa aagle of 30°

"'l satisfactorily however, so long as care was taken to

. agitate it as the sample settled so that organisme 414 not adhere
the sides. The stecper sides as avuby'nﬁmm-.hl.
s trough waz specially sounted and drivem by a moteor. It
“‘- felt that such an elaborate device was not necessary for the
-. of samples in tals study, although the motor drive sould

& definite advantage for sustained counting. The glase plate
remcved drom the stage of the aterec-microscope and a plastic
fiaserted in ita place during counts. A ncle was bored in

conter of the circle containiag the trough, and a pis placed



~ An the plastic plate to bring the trough to the center of the
ho

|

field. With the pin through the hole the trough could be easily
rotated past the field of view with the fingers of 1 hand. The
trough could also be easily removed for emptying and cleaning.
The dimeunsions of the trough were such that the flat bottem
filled approximately one-half of the field, with 15X oculars and
& AX objective, or 6C power. The trough was lighted from beneath
and the organisms appeared to be much better illuminated and more

3
by
B

)

»
e

easily recognised than with top lighting.
The samples were prepared for counting by decanting with an

-

eye dropper from the original sample as iuch fluid as was con-
sistent with the amount of debris. The general levels were
satablished by experience, the criterion being the maintainance

- ©of an amount of debris in the counting trough which would not

P w"o with counting, and yet concentrating the sample as much
ar possidble to gain added precision. (For a further discussion
of this point see the section on counting precision.) Repeated
exaxinations of the decanted fluid showed no algae.

After concentration the volume of the concentrate was meas-
ured in graduated centrifuge tubes. The sample was then mixed
by alternately filling and expelling a 5 ml. pipette whose point
" bhad been broken off to give a large diameter orifice. When the
; sample was well mixed the pipette was filled and 1 ml., delivered
into the counting trough. It was found that the sand and heavier
_'~ material could be kept from falling to the bottom and entering
with the 1 ml. sample by holding the pipette at a low angle. The
%"10 was spread evealy around the trough with a teasing needle,

\

| 2LVIS Hvin

S

A¥vyin
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. and the trough agitated slightly for a few moments to shake the

; organisms into the bottom. The organisms were then counted by

revolving the trough past the objective, starting and ending at
a line scribed on the bottom of the trough, and keeping count of
the organisms on a multiple key counter. In a few cases an
organisa was too numerous to be easily counted, and the sample

. w&s then diluted to a point which facilitated the counting. For
the regular collections 3 counts of 1 ml. each were made from
each sample. For special collections, such as daily and 24 hour

B

i series, 5 counts of 1 ml. esach were made from each sample. The
‘lf counts for each sample were averaged, and the average values used,

5"‘“ the known vclu-es, to calculate the number of organisms per
L liter of river water.

Ward (1955) used the trough to count complete samples.

f Whether the collection volume is adjusted so as to make this poss-
' ible or whether the samples are sub-sampled as in this case, it

| appears that the trough has definite advantages over the commonly
used Sedgewick-Rafter cell. Among these advantages are quickness
and simplicity of use, ease of counting because the eye need scan

only a small area, and removal of the problems caused by unequal

~ distribution in the Sedgewick-Rafter cell (Serfling 1949). If

 ' counts of only a part of the circle are made however, as suggest-
#d by Ward, serious distributional problems arise since random
distribution in the trough may be almost impossible to achieve.

l It was noticed that the liquid of the 1 ml. samples tended

- to distribute itself somewhat unequally in the trough due to the

tting characteristics of the plastic. Some decrease in the
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volume would be desirable to remedy this situation. Per-

the shorter angle on the sides would be sufficient, tat
"
}M a decrease in diameter would be necessary. An increase

. 4n volume to the next convenient amount of 2 ml. gave too much
afs

sted by filling & one-gallon wide mouth glass jar from the
stream current at each station. The jars were taken to the
tcry for separation at the end of the collectien trip.

3 Membrane or millipore filters were used for the major portion
b £ the nannoplankton concentration. The ability of these filters

(Clark 1956). Two types of filters were used: millipore
: s+ type RA, diameter 157 mm., manufactured by the Millipore
l1ter Watiw. price $1.85 each; and membrane filters, coated,

porosity, diameter 150 mm., manufactured by Carl Scleicher

h an average pore size of 1.2u with a range of 0.9 to 1.5u.

S. & S. coarse grade membrane filters have an average pore

‘ of 0.5u and a range of 0.3 to 1.2u. These data are from the
zturers specifications.

The filters were used with a holder constructed of plastic
copper in which the filters are clamped between the two

of the holder and supported by a fritted glass disc

1956).
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dosn. A sheet of coarse filter paper was used under the

. F. filters to give better support. Vacuue was supplied by a

'm pump, but the system functioned just as well
"_. ﬁ- a regular water aspirstor or frem the manifold vacuum of an

v Each one-gallon sample was mixed thoroughly and them 3 liters
seasured out. The 3 liter sample was passed through the

s the filter removed, and the plankton washed from the
into a petri dish with the aid of a pressure atomiser and

:..'I | The samples were transferred from the petri dish to labled

" vials and preserved by the addition of sufficiest iodine, in
m.im solution, to make a 2 to 3 percent solutionm.
The sembranes became transparent when cleared with a fluid
| of appropriate refractive index such as cedar oil. Microscopic

~ examination of cleared filters showed that only an occasional
.;‘.f.—l- could be seen on the filters after the cleaning process.
% J."n— were seen in counts of the regular 30 fields on
several concentrates from second cleanings of the filters. Sur-
veys of the hasmacytometer plateau in these cases disclosed only
) & very few organisms. Apparently the filter cleaning process
very effective with the organisms found in the Logan River.
The majority of the separating was done with the S. & S,

s Coated filters. The S. & S. filters were chosen over the

F. filters for general use for two reasons: the cost per
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. filter for the S. & S. was considerably less, and the coated

filters were very rugged permitting repeated use. The coated
filters were discarded only when filtration times became too slow.
With both makes the filters eventually became clogged with fine
saterial. In a typical series of separations, with the 5. & S.

~ filter, with the turbidities under 2 p.p.m., the first 3 liter
sample passed through in 5 minutes, the sixth sample took 15 min-
utes.

The M. F. filters ays expensive and fragile, seldom lasting
more than 3 samples. They have the advantage of extremely
fast filtration rate however, and can be used with more turbid
samples. With samples under 2 p.p.m. turbidity, 3 liters pass
', the M. F. type RA filters in less than 15 seconds. In one
‘-lo series an M. F. filter which had been previously used for
 ~ ol.ocr samples passed a sample with turbidity of 2.8 p.p.m.
™ Just under 1 minute, and the following sample of 18 p.p.m.

| turbidity in 1.5 minutes.

The coated S. & S, filters are nuite stiff and cam be cupped

. 4n the hand for washing. The M. F. filters are thin and fragile

| $he filter. A holder for the M. F. filters was constructed by

2 sheets of plastic into nested tapering troughs. A
Just smaller in diameter than the filters was cut from
inside piece before forming the trough, with the edge of the
Just touching the edge of the plastic. In oporation the
F. filter was placed on the first piece of the trough, and the

plece placed over the filter so that the edges of the
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ter were held down. The organisms could then be washed from
h filter through the opening at the edge of the plastic, which
]"""‘ the tip of the trough.

The clogging pcint was reached suddenly with both mekes of
E,(\mm. and once reached, passage was extremely slow, taking up

- %0 30 minutes for the last liter of a turbid 3 liter sample.

In gemersl it was not practical to filter samples with a
wt’ of over 4 to 5 p.p.m. with the S, & S. filters, and then
about 20 p.p.m., and then the filter could usually be used
“’ once. Attempts to clean the filters by socaking and back
1 were not succeesful. Some increase in filtering speed
notic 41 after several days of soeking, but the filters re-

Both makes of filters are shipped dry, and once wet must be
h’t nt.' The S. & S. filters were boiled at a slow simmer for
- 20 minutes before first use, as suggested by the manufacturers
~ for maximum filtratiom rate.

Since this project began both companies have announced the
availability of filters with pore sizes up to 5Su. The develop-
- ment of these membranes as tools for plankton research has only
M. They promise to add much to our knowledge of the very
small phytoplankton particularly.
For very turbild samples separation was done with a Foerst
ton centrifuge. At flow rates of 5 minutes per liter or
filtering of the centrifuged water disclosed no spill-over.

& flow rate of 2 1/2 minutes per liter there was 15 percent
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~over. All of the regular samples were separated at 5 min-

utes per liter. Exclusive use of the centrifuge would have more

y

E than doubled the time required for ssaparation of the samples.
B

A special Spencer Bright Line Haemacytometer with a cell

|

depth of 300n was obtained for the nannoplankton counts.

The concentrates were decanted with a dropper, as with the
met plankton, to the point o7 maximum allowable debris. The
(:; voluse of this concentrate was then determined in a graduated

. eentrifuge tube. During the flood period some samples had to be
diluted instead of concentrated to make counting possible. The
“m were mixed by filling and expelling A dropper several
’?f'“‘. a drop was then introduced at the edge of the cell, filling
~ the cell by capillary action. The counts were made inder high
., sagnification (about 400X) with & binocular compound micro-
;%’”. The oblong squares comprising the center millimeter on

: sach side of the scribed area were used. In each case the first

field was chosen at random and then every other field counted
ﬁ until 15 fields had been examined. The cell was filled a second

tise from the same concentrate and 15 fields counted as above,

i

. giving a total of 30 fields counted for each sample.

The average number of organisms per field was calculated for
sach form or group, and this average value used with the known

 wolumes to calculate the number of organisms per liter of river

yity and precision of sampling and enumerating procedures
vity. First of all, the sample volumes of 40 liters

the net plankton and 3 liters for the nannoplankton were
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ly small fractions of the water mass represented by the
+« The flow volumes in general ranged from about 1,500 te

. 5,600 liters per second during most of the year, and up to 34,000

A
- S

‘ ters per second during the spring flood. It was clearly pos-
: }m to have an organism passing the collection point in con-

A . e total numbers per second and yet have it absent from

collection.

) v
)

" A second artifice of the initial collection was the effect
b -
~ of the 800 to 1,000 percent increase in flow during the spring
M Aa organism near the lower threshhold of sensitivity

the rest of the year would disappear from the collections

N
B

1'_' u the flood unless its abundancs increased proportiomally
the increase in flow. Those organisms remaining constant in

per liter during the flood reflected a tremendous increase

total numbers.

F. & To retain equal sensitivity at this point would have meant

:: keeping the sample volume proportional to the volume of flow.

4 With the manpower and facilities available this could only have

~ been done by limiting the study to one or two stations. It was

-k v considered more important to cover the series of stations, e=o

»

h. as the sampling bias was recognized. Also, the downstream

Pe
5

~ 4ncrease in volume of flow could cause a decrease or disappearance

~ of an organisa which was in fact staying constant in actual

The volume of concentrate remaining after separation and
tion varied. It was determined that after standing for

weeks all the organisms settled out in both net and
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3 pannoplankton concentrates. This permitted readjustment of the
concentrate volume at the time of counting.
The final degree ol concentration was limited by the amount
of debris and turbidity present.
For the nannoplankton moat concentrate volumes were between
1.5 and 3.5 ml. for the upper aix stations, 3.5 to 6 ml. for
station 7 and near 25 ml. for the very turbid station 8. During
the spring flood increased turbidities gave concentrate volumes
of 3.5 to 8 ml. for the upper six stations and 6 to 20 ml. at
station 7. At station 8 the turbidities during the flood were
little higher than usual and concentrate volumes did not increase.
The seasonal effect at this station was a winter decrease in
turbidity, giving concentrate volumes of 4 to 15 ml. November
through February.

Oaly a small fraction of the concentrate volume was actually
counted. The total volume covered by 30 fields in the special
300u deep haemacytometer amounted to 0.00045 ml. This meant that
the organisms had to be present in considerable density in the
concentrate to be seen. In terms of minimum sensitivity--the
organisms per liter of river water to which one occurrence would
be expanded--the values were as follows: Upper 6 stations, non-
flood 1,000 to 2,500, flood 2,500 to 6,000; Station 7, non-flood
2,500 to 4,500, flood 4,500 to 15,000; Station 8, winter 3,500
to 11,000, rest of the year 19,000,

The sensitivity could have been kept constant by either
keeping the concentrate volume constant or keeping the volume

counted in proportion to the concentrate volume. The former
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would have meant choosing the most turbid collections as

standard, to the great detriment of the rest of the data; the

atter method would have increased the time involved in counting

| ‘and minercrl debris however was a problem, and often made counting
‘ll~‘lf¢1°l1t. There was no pronounced seasonal or locational trend
; in the amount of debris present. The stations below the dams

were lower in mineral particles, but higher in organic fragments.

) ‘The organic fragments we-e more hindrance to counting than were

, NM particles. The amount of debris per unit volume of

Net concentrate volumes were primarily between 12 to 22 ml.
This gave minimum sensitivities of 0.1 to 0.19 organisms per liter
for the regular collections with a total of 3 ml. counted per con-
centrate. For the daily and 24 hour series, with 5 ml. counted
per cencentrate the minimum sensitivity was 0.08 to 0.1l organisms
per liter.

Precision. Since the final figures used in expanding the
organisms counted into organisms per liter of river water were

. means, confidence limits were set to a representative sample of
'T.. means using the following formula:

*

H-x-t_osa‘
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t 05 * statistic taken from a table such as Table 3.8 in

Snedecor (1946), and

n, ® standard error.
The confidence limits thus obtained were converted to percent
_ of the mean and plotted against the total organisams enumerated in

the count (Figures 3 and 4).

The author demonstrated in a previous study (Clark 1956) thut

for nannoplankton counts made under similar conditions the width
| of the confidence limits when expressed as percent of the mean is
; dependent upon the total number of organisms enumerated and inde-
i pendent of the number of fields over which the enumeration was
é“ in the range tested (18 to 72 fields).

The nannoplankton counts of the present study, where 30 fields

‘were enumerated for each count, give very good agreemant with the

;-.ltvicnl study. Total numbers counted of at least 25 are necessary

i
|
V
B
|
|

|

~ of 100 giving about 225 percent.

to give confidence limits of near 250 percent, and total numbers

Agreement of total numbers counted and precision is still very
good for the net plankton counts with 5 troughs per count (the daily
" and 24 hour series), with the relationship of number counted and
confidence limits as percent of the mean essentially the same as
for the nannoplankton. The points are a little more scattered
»

however and the relationship not quite so precise.

The relationship of total numbers counted and precision,

'!

though still very obvious, is quite general for the regular net

ton counts of 3 troughs per count. Very low numbers counted
give very low precision, and high total numbers do not

the precision much past z 50 percent.
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~ Figure 3. Ninety five percent confidence limits, expreses~d as
percent of the mean number of organisms per count, plotted
against the total number of organisms enumerated in the
30 fields covered far each count. Nannoplankton counts.
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Ninety five percent confidence limits, expressed as percent
of the mean number of organisms per count, plotted against
the total number of organisms enumerated in the 3 or 5
troughs covered for each count. Net planktoa counts.
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The effect of this general relationship be'ween total numbers

’:{{:

~ and precisien is that in this case, as in any case where the
countiang method is not varied, the higher densities are measured
with gheater precision. In no case however in this study should

differences of less than - 25 percent be considered important even

i
E with the highest densities; with z 50 percent for the medium den-

k sities and = 100 percent for the lowest densities more realistic

—

The next question was whether or not the sub sample taken

. for counting was representative of the concentrate.

Chi square tests were applied to the counts of 10 nanno-

plankton forms in 5 replicate counts from the same concentrate.

. Nome of the chi squares were significant at the 5 percent level.

~ As an additional test, totals from the first and second slides

of 12 randomly chosen counts were alsc tested, again with no

significant results.

Ten counts were chosen at random from net collections in

+ which five 1 ml. sub samples were counted from each concentrate.

None of the chi squares were significant.
It was concluded that the variation present did not exceed
that which would normally occur in random sampling from the con-

centrates.



PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE STREAM
Substrate
The bed of the canyon section of Logan River is composed ©)

primarily of boulders and cobbles with only small areas of gravels
and occasional small patches of sand and/or silt behind large
boulders. Occasionally areas of bedrock are exposed. Most of
the larger rocks are well fixed in place, and when removed show
signs of having stayed in the same position for some time. Rocks
‘7 of equivalent size when placed on the stream bottom in a new
position were moved downstream by the spring flood.
The bottom of the valley section of the river is composed
of finely divided materials and the bottom contours change with
: ~ the erceion and deposition pattern of the currents.

The average gradient from station 1 to the mouth of the \
canyon is 73 feet per mile, though 1 section is twice that (Fig-
ure 1). The gradieant in the valley is 3.5 feet per mile if meas-
ured in a straight line, but under 2 feet per mile by stream.

Even the valley gradient exceeds those reported in most
plankton studies. Galtsoff (1924) gives .35 to .38 feet per mile
for the Upper Mississippi, and 1.3 feet per mile for the 16 mile
Rock Island "rapids". Kofoid (1903) gives 1.2 feet per mile as
~ the average gradient for the Illinois, but .137 feet per mile for
; the lower 227 miles. Starrett and Patrick (1952) report 1.5 to
. 3.2 feet per mile for the DesMoines. However, the gradient of

. 220 feet per mile reported by Pemnak (1943) for Boulder Creek in
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Colorado exceeds even the steepest sections measured on Logan
River, though a few of the tributaries may approach it.

Zemperature

The temperature data are of 2 types: the single or center

;F
fr

line represents water temperatures at the time of plankton
collection; the upper and lower lines connect values from max-

isus-minimum thermometers and represent the temperature range

f
i
3
i 4
B

since the last collection trip at each point (Figures 5 and 6).
The straight lines at the beginning of the maximum-minimum data

on Figures 5C and S5E, and 6C and 6D represent the temperature
; range from the time the thermometers were lost at the beginning
of the spring flood until their recovery. The temperature range
over stations 1 through 6 was 32°-60°F, for station 7 the range
was 32°-76°F and for station 8, 34°-85°F. The low temperature at
statioz 8 would probably have been near 32°F had maximum-minimum
temperature data been available. The temperature rarcge for the
apper river was somewhat less than the 32°-69°F reported by
Pennak (1943) for Boulder creek. The temperatures of statiom 7
(32°-71°F) and 8 (34-85°F) are comparable to those given by Kofoid
(1903) for the Illinois (32°-89°F), Starrett and Patrick (1952)
for the DesMoines (32°-85°F), and Reinhard (1931) for the Missis-
sippl (37°-77°F). Allen (1920) gives a range of 39°-79°F for
the San Joaquin, a much higher minimum temperature than those
cited here.

Anchor ice was often present at station 1 from late November
through January. The river remained open at station 1 and for
about 2 miles upstream from it. The river froze over completely

this open stretch, and in many areas for about 5 miles
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Figuie 5. Water temperatures in degrees Fahrenheit at stations on
the Logan River, Utah from October 1955 to July 1957.
The cen'ral line is the water temperature at time of

tt:nktan collection. The upper and lower lines show

temperature ranges measured by maximum-minimum
thermometers.
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Water temperatures in degrees Fahrenheit at stations on
the Logan River, Utah from October 1955 to July 1957.
The central line is the water temperature at time of
plankton collection. The upper and lower lines show the

temperature ranges measured by maximum-minimum thermometers.
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