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Introduction

Eleven years ago, the California State Legislature authorized the
construction of a peripheral drainage canal for the San Joaquin Valley.
Observations suggest that drainage water, which ultimately will come from
the entire valley, may have adverse effects on water quality in San
Francisco Bay and the surro unding delta, into which it will drain.

The

valley is a vast agricultural area, so the proposed "master drain" would
discharge predominantly agricultural waste water into the bay.

This has

stimulated agricultural waste water studies, but comprehensive data on
conditions in agricultural drainage canals are lacking.

Most of the

published and unpub lished information on agricultural runoff that is
available was produced by state and federal agencies.
There are marked differences in the quality of irrigation water
applied to the land and the quality of the residual water draining from
the l and (Sylvester and Seabloom, 1963).

Studies describing changes in

physical and chemic al factors during irrigation are numerous (Knight,
1969; U. S. Departm
ent o f Agriculture, 1969; Williams and Wadleigh, 1968;
Bullard, 1966; Sylvester and Seabloom, 1963; Reid, 1961; Flippin, 1945).
Factors mentioned m ost frequently in runoff situations are sediment,
temperature, oxygen content, inorganic plant nutrients (such as nitrogen
and ph osphorus), and pesticides (California Department of Water Resources,
1968; Mackenthun and Ingram, 1967).

Other sources concerning physical

and b iotic runoff relationships will be listed in the perti nent sections
of the following t ext.
Biotic studies c oncerning agricultural drainage canals are less
numerous.

The U. S. Public Health Service (1960) and Vinyard (unpublished)

have studied the biot a of drainage water, but their work dealt mostly

with phytoplankton ecology.

Aside f rom general references on pollution

and its effect o n organisms, data concerning the total biota, and its
possible regulation by waste water conditions, are lacking.
Recognizing the need for more information on agricultural runoff, I
undertook a study of Main Drain Canal, which carries agricultural drainage.
The purpose of the study was twofold:

1) to document the spatial and

temporal biotic changes in a drainage canal, and 2) to demonstrate, when
possible, whether or not these changes wer e due to irrigati on effluents.
The remainder of this paper deals with this analysis of Main Drain
Canal and its implications for future drainage pr ojects.

Materials and Methods

Study Area
Main Drain Canal (Figure 1), which flows from Buttonwillow, California
to Goose Lake 40 k
ilometers to the north, is fil led exclusively with
irrigation runoff.

Water volume varies seasonally, corresponding to crop

irrigation, from a maximum in midsummer to a minimum during late fall ,
when certain portions of the canal may be dry.
kilometers of the canal were sampled.

Only the lower 32

In the upper 8 kilometers, water

was both added and withdrawn from the canal, resulting in erratic flow.
The more stable conditions in the lowe r section provided a better situation
for studying biotic changes.

Nine sampling stations were designated, each

about 3.6 kilometers apart, and were quite similar in local conditions.
Stations were assigned numbers in ascending order, with station 1 at the
source and stat ion 9 at the mouth.

All samples at each station were

taken approximately 0.6 meters from shor e in areas protected from fast
current flow.

This was done to minimize differences that might result

from sampling technique.
There was no control in the study.

No area in the canal displayed

constant c onditions t o which observations could be compared .

An adjacent

canal, unaltered b y runoff, could have served as a contr ol situation.

Duration of Study
Sampling began June 24 and ended September 3, 1 969.

During this

eleven week period, the canal reached maximum and minimum volumes due to
the respective increase and decrease of cotton irrigation on adjacent
farmland.

MAIN DRAIN CANAL
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Field Procedures
Due to time inv olved in sampling, stations 9 through' 5 were sampled
on Tuesdays and 4 through 1 on Wednesdays.

Any trends caused by diurnal

changes were minimized by sampling consistently at midday on each of the
weekly visits.

A.

Physical and Chemical Measurements
Physical and chemical measurements were performed with the Hach DR-EL

Portable Engineers Laboratory, using procedures outlined in the Hach
manual.
Upon arriving at each station, water temperature was recorded.
Following this, a 1-liter water sample was withdrawn from a depth of
about 12 cm and used for the following anal yses:
and orthophosphate.

turbidity; pH; nitrite;

Orthophosphate was measured because of its known

importance in limiting growth (Hutchinson, 1957).

I intended to measure

nitrate concentrations, but by mistake measured nitrite instead.

A new

sample was taken for oxygen determination.
All above tests were performed week ly.

Other factors, such as iron,

total alkalinity, chloride, silica, and total hardness were measured once
each on separate dates.

Sulfate was measured weeks 6, 10, and 11.

After

week 5, physical and che mical measurements were performed only at stations
1, 5, and 9.

Before that time, it was

adjacent stations were insignificant.

found tha t differences between
Values estimated with reference to

values at stations 1, 5, and 9 were given to the intermediate stations.

B.

Pesticide Study Procedures
Weekly lists wer e compiled cont aining the location and dates of

insecticide applications to adjacent fields.

Nearest downstream stations

to the application area were also listed.

Information on the specific

chemicals applied wa s not made public, and prohibitive costs preven ted
residue tests fro m being performed.

C.

Biological Measurements
Weekly plankton samples were take n at each station following chemical

measurements.

Water was collected in a 1-liter jar placed about A cm

below the water surface.

Five liters o f water were taken with the mouth

of the jar facing th e current, five lit ers taken perpendicular to flow,
and five liters take n with the mouth facing downstream.
through a plankton net (mesh size:

This was poured

Dufour $24) and concentrated to 50 ml.

This concentrate was transferred to small glass jars, loosely capped,
and transported to th e laboratory.

Although counting was performed within

an hour, care was taken to protect the samples from extreme heat or bright
sunlight by keeping them in a covered, partitioned box.
Plankton samples were counted using a standard 20 mm by 50 mm
Sedgwick-Rafter counting cell.

To fill the cell, the sample was swirled,

and a quantity of water was withdrawn by eyedropper.
cells were counted f or large organisms.
cell was filled.

A total of five

For smaller organisms, another

All organisms encountered in five 20 mm transverses

across the chamber using a 10X objective were recorded.

To compare

organisms statistically, comparable sample quantities are required.
This was accomplished by reducing the numbers of all organisms counted
in the larger volume (cell count) to the proportionate number that would
have been present in the smaller volume (strip count).
equation was

The conversion

Ocular field diameter
of microscope (1.32 mm)
Number in 5 strips =
Number in 5 chambers X 50

with 50 being the length of the counting chamber in mm.
Species diversity was calculated using the following formula:

# of species

Species Diversity Index =

V# of organisms

where "species" was defined as the lowest taxonomic level of identifica
tion for a particular organism in this stu dy.

Statistical Analysis
All statistical tests were performed using an IBM 1620 computer and
procedures described by Woolf (1968).

A.

Correlation Coefficient
Correlation Coefficients for all combinations of organisms and

factors at each s tation were calculated.

A significant^ positive correla

tion. value indicates a positive relationship between two variables^ while
a significant^ negative value indicates th e opposite.

The correlation

coefficient is divorced from units and was selected over other correlative
techniques which were not.

This characteristic is desirable becau se

variables were often expressed in different units.

B.

Analysis of Variance
The Randomized Block design for analysis of variance was selected

because of its eff iciency in statistically controlling variability due to
extraneous factors.

This analysis permi tted the recognition of significant

differences between factor means fr om station to station.

When differences

were detected, the Newman-Keulls multiple range test was used to determine
which sample means were significantly different.

C.

Correlations with Distance
A correlation coefficient test was used to compare factors to incre

ments of 3.6 kilometers in distance.
recognized.

Thus spatial changes could be

Correlations with distance were calculated for weeks 1-4,

weeks 5-8, weeks 9-11, and for the entire 11-week period.

D.

Correlations with Time
Organism numbers and factor values we re also compared to one-week

increments in time by means of a correlation coefficient test.

These

tests, performed o n data from each station, indicated if an organism or
factor showed temporal increases or decreases.

Results and Conclusions

Results of the study will be discussed in three parts:

1) spatial

biotic changes, 2) temporal biotic changes, and 3) potential causes for
these changes.

Incomplete organism identifications make it ne cessary,

in most cases, to lump the species observed into broad taxonomic groupings
in the following discussion.

However, the original identifications are

retained in Tables I-V.
A.

Spatial Biotic Changes
Organisms showing spatial changes could be separated into two groups:

those that increased in number from the canal source to the mouth and
those that de creased in number from source to mouth.

The changes are

documented in detail in Tables I and II.
1.

Organisms Increasing with Distance
a.

Total Cyanophyta (Figures 2 and 3).

During all time

intervals, to tal Cyanophyta increased in number from cana l source to
mouth.

Station means for total Cyanophyta at stations 1 through 3 were

significantly lower from means at stations 7 and 9.

Two Cyanophytes

displaying this spatial distribution were the filamentous genera Spirolma
and Aphanizomenon.
b.

Total Chlorophyta (Figures 4 and 5).

Even though total

Chlorophyta decreased w ith distance on weeks 9 to 11, it displaye d a
nonsignificant positive relationship with distance when the entire study
is considere d.
stations.

However, no significant differences existed between

Figure 5 suggests that more Chlorophyta was present at

stations 5 and 7.

Figure 2. Total Cyanophyta
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c.

Total Phytoplankton (Figures 6 and 7).

Total phytoplankton

showed n onsignificant positive relationships with distance during all time
periods e xcept weeks 1 to 4.

This g eneral increase with distance is noted

on Figure 7, which shows generally more ph ytoplankton present at downstream
stations.
d.

Total Rotifers (Figures 8 and S).

Rotifer pop ijlations

increased significantly with distance during the study.

The rotifer

genera Hexarthra and Rotaria showed significant increases with distance
for the entire study.
e.

Total Zoop lank ton.

No significant overall increase in total

zooplankton was found, but a significant positive correlation was noticed
on weeks 5 to 8.

There were no significant differences from station to

station.
f.

Total Plankton (Figure 10).

Generally, t here seemed to be

greater numbers of plankters at downstream stations.
differences were small and nonsignificant.
lowest mean values.

However, these

Stations 3 and 4 showed

Cyanophyta was the major component o f the plankton

and show ed an increase in number with distance.

Thus, total plankton

would sh ow a parallel distribution.

2.

Organisms Decreasing with Distance
a.

Total Chrysophyta (Figures 11 and 12).

Diatoms decreased

significantly with distance for the entir e study and particularly during
weeks 1 to 4 and 9 to 11.

Frustula decreased significantly; other diatoms

demonstrated only general decreases.
b.

Desmids.

Closterium, the only dasmld found, showed a

a cnr-rel ation with distance, except during weeks 5 to 8.
significant negative correlation wm

During these weeks there was a nonsignificant decrease.

Figure 6. Total Phytoplankton
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distance.

Total Copepods.

Total copepods decreased significant ly with

Analysis of variance data substantiated this finding at a .05

confidence level.

Canthocamptus adults and Canthocamptus nauplii by

themselves sho wed nonsignificant decreases.
d.

Other Zooplankters.

Stent'or (heterotrich ciliate), ostracods,

nematodes, beetle larvae, and cladocerans all decreased significantly with
distance.

Gastrotrichs showed only a general decrease.

e.

Species Diversity (Figure 13).

Both correlation and variance

analysis indicate that species diversity decreased significantly from
source to mouth.

The total number of species also decreased significantly

with distance.

B.

Temporal Biotic Changes
Organisms showing temporal changes could be separated into two

groups:

those that increased in number with time; and t hose that decreased

in number with time.
1.

These changes a re documented in detail in Table III.

Organisms Increasing with Time
a.

Total Cyanophyta (Figures 2 and 14).

Correlation data

indicate that Cyanophyta increased with time at 8 of the 9 stations.
This repetition of positive, nonsignificant correlation values rules out
chance combina tions and indicates that Cy anophyta probably increased with
rime.

Two population peaks were present on weeks 5 and 9.

The genus

Spirolina increased significantly at stations 5 to 9, while other
filamentous Cyanophyta did not change significantly.
b.

Total Rotifers (Figures 8 and 14).

Rotifers increased

significantly with time at 4 of the 9 stations, and nonsignificantly at
4 of the remaining stations.

Figure 14. Weekly organism and factor averages. Numbers rep
resent range from lowest to highest recorded values.

c.

Total Copepods (Figure 14).

with time, except at stations 5 and 7.

As a whole, copepods increased

Canthocamptus nauplii increased

significantly at four of the nine stations and nonsignificantly at two
of the remaining stations.

Adults decreased with time at seven of the

nine stations.
d.

Total Zooplankton (Figure. 14).

Significant increases in

total zoopla nkton with time were shown at two of the nine stations, with
six other stations having nonsignificant increases.
e.

Species Diversity (Figure 14).

Species diversity increased

with time at all stations during the stu dy, and signific antly at two of
them.

The total number of species increased with time at six of the nine

stations.

2.

Organisms Decreasing with Time
a.

Total Chrysophyta (Figures 11 and 14).

correlations between diatoms and time were found.
also decreased (Figure 14).

Strong negative

Weekly organism averages

The diatom genera Cymatopleura, Asterionella_

and Frustula displayed negative correlations with time at all stations
where th ey were present.
b.

Some of these correlations were nonsignificant.

Total Chlorophyta (Figures 4 and 14).

Green algae showed

negative correlations with time at al l but three stations.
correlation was significant (Table III).
weeks 2 and 7.

Only one

Population peaks were found on

Total Chlorophyta and total Cyanophyta peaks did not

overlap (Figure 14, or compare Figures 2 and 4).
c.

Total Phy top lank ton (Figures 6 and 14).

generally decreased with time.

Phytoplankton

Two population peaks were noticed on weeks

5 and 9, probably due to high Cyanophyta during these p eriods.

d.

Total Plankton (Figure 14).

Generally, total plankton

decreased temporally, but only one station displayed a significant
correlation value.

The plankton followed the Cyanophyta distributions,

since this alga was its m ajor component.

C.

Potential Causes for Spatial and Temporal Changes
Many factors could have affected the spatial and t emporal distribu

tions of organisms in Main Drain Canal.

However, only those mentioned

most fr equently in the literature as important in other canals will be
discussed.

They will be covered in the following order:

physical

factors; pla nt nutrients; pesticides; additional chemical factors; and
biological interactions.

The importance of these factors in relationship

to the spatial and temporal changes i n this study is only speculative.
1.

Physical Factors
a.

Temperature (Tables I through IV; Figures 14, 15 and 16).

Water te mperature decreased with distance down the cana l.

Reid (1961)

states th at water used in irrigation is warme d, dumped back into the
stream, a nd increases the downstream temperature above the source tempera
ture for so me distance.

The technique used in this study of sampling

downstream stations first on sampling days could hav e provided the observed
results.

The mean temperatures (Figure 15) document this progression

starting with low values at stations 9 and 4.
first e ach day.)

(These are stations sampled

Additional solar radiation could have caused progres

sively higher temperatures above these stations.
Water temperature correlated negatively with time and was highest on
week 5.

This pattern followed t he climatic conditions present during

the summer.

Figure 15. Station means for water temperature showing grand
mean and upper and lower 95$ confidence limits.

Figure 16. Water Temperature

Three of nine negative correlations were significant between
temperature and oxygen content (Table IV), while weekly averages also
showed a negative relationship.

This could indicate nothing more than

the lowered oxygen capacity of warm water (Clarke, 1967).

More complex

biological even ts c ould also account for this relationship.
Total Cyanophyta correlated positively at all nine stations with
temperature (Table IV), with one cor relation being significant.
of the

Because

faulty spatial sample technique, this relationship may only be

of consequence when temporal distributions are considered.
showed positi ve correlations (Figure 14).

Weekly averages

Trembley (1962) states that

blue-green algae are quite tolerant t o warm conditions, while other types
of algae may be inhibited by abnormal heat.

Thus, blue-green algae could

have a compe titive advantage in warmer water.

This could account for the

positive relationship noticed between temperature and total Cyanophyta.
Total plan kton and phytoplankton were composed mainly of Cyanophyta, which
showed positive correlations with water temperature.
groups also displayed this relationship.

Thus, these major

Saunders (1957) and Patrick

(1948) mention the i mportance of temperature to algae.
Crysophyta displayed negative relationships with temperature at six
of the ni ne stations.

Diatom populations are minimal during the warmest

periods of s ummer when blue-green algae tend to predom inate, but usually
flourish in sprin g when temperatures are cooler (Needham and Lloyd, 1916).
Decreases in diatoms with time could have been the result of increasi ng
temperatures.
A general negative relationship was present betwee n total zooplankton
and water temperature, but significant data is lacking to infer inhibitions
by temperature.

b.

Sediment (Tables I through IV; Figures 14, 17 and 18).

Sediment has been studied in other return flow situations- (U. S. Depart
ment of Agriculture, 1969; Williams and Wadleigh, 1968; Bullard, 1966;
Sylvester and Seabloom, 1963; Flippin, 1 945).

I measured sediment in

terms of turbidity and found it corre lated positively with distance
during the e ntire study.
stations (p < .001).

Turbidity increased significantly at downstream

This increase was caused by sediment accumulation

due to addition of more irrigation runoff.
Turbidity increased with time at stations 5 through 9, and decreased
with time at stations 1 through 4.

As time passed and c otton irrigation

decreased, upstream stations seemed to "wash clean

or sediment.

Peaks

of turbidity were noticed on weeks 3 and 6, corresponding to times of
maximum irrigation and crop cultivation.
Several relationships between turbidity and other phys ical factors
were prese nt.

Turbidity and water temperature correlated positively at

all nine stations.

Reid (1961) and Ellis (1936) state that increased

amounts o f sediment can cause water to heat faster.
relationship is pr obable.

Thus a posxtive

However, again the inherent weaknesses of the

temperature data must b e considered.

Negative relationships were also

present betwe en dissolved oxygen and turbidity.

Incompletely decomposed

organic subs tances present in increased sediment can, upon decomposition,
place heavy demands on dissolved oxygen content (Cordone and Kelley, 1961;
Saunders, 1957).

This infers a negative relationship would be present

between sediment and oxygen content.
Sediment can block light entering the water and may inhibit certain
algae in this wa y.

There was a general negative relationship between

turbidity and total Chlorophyta (Figure 14).

Figure 17. Turbidity

Figure 18. Station means for turbidity showing grand mean
and upper and lower 95/' confidence limits.
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Negative rela tionships between sediment and total Chrysophyta were
also present (Figure 14).

The reduction of light as a r esult of increased

sediment, as wel l as other factors, could yield those res ults.
Total rotifers correlated positively with turbidity.

Sediment could

have been beneficial to r otifer distributions, because filter feeding rotife rs
feed on detritus (Pennak, 1953), which increases during t imes of high
turbidity.

c.

Both variables also increased with distance.

pH (Tables I through IV; Figures 14 and 19).

In the present

study, p H showed no significant differences spatially or temporally, and
means varied onl y between the narrow limits of 7.2 to 7.5 pH units.
At four of the nin e stations, there were significant positive
relationships betw een pH a nd oxygen content.

Large amounts of free CC^

will cause an equilibrium shift resulting in lower pH values.

The time

period of low pH and low oxygen content coincided with intervals of high
turbidity.

If decomposition were present, the resultant e xcess CC^ could

have caused a pH decrease.

This decrease then would have correlated

positively with the low oxygen concentrations present.
Rotifer distributions could have been affected by pH if their
tolerance to

its variation was low.

between these va riables.

There was a positive relationship

Pennak (1953) states that, in general, more

alkaline waters contain few rotifer species, but large number
individuals.

o

Total zooplankton and pH were also positively related, but

any causative factors are unknown as a result of this stu y

d.

Oxygen (Tables I through IV; Figures 14, 20 and 21).

Decreases

in dissolved oxyge n content in runoff situations have been docum
^ight (1969) and Ellis (1936).
8 bat ion

Mean oxygen values were lowest at

•
o 1
2 and 9.
5 and highest a t stations 1, 2,

Generally,

oxygen

content

Figure 19. Station means for pH showing grand mean and
upper and lower 95$ confidence limits.

Figure 20. Oxygen
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Figure 21. Station means for oxygen showing grand mean
and upper and lower 95/& confidence limits.
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decreased wit h time during the first half of the study, but then increas ed
during th e second h alf.

High temperatures could have affected oxygen

solubilities, and possible decomposition could have caused any early
reduction in oxygen values which was present.
Oxygen and total Cyanophyta showed strong negative correlations.
Cyanophyta are tolerant of high temperatures (Trembley, 1962) and oxygen
concentrations decrease in warmer water.
could be probable.

Thus, a negative relationship

Again, more complex biological events could giv e

comparable results.
Oxygen is imp ortant in animal respiration, and lo w concentrations
can sometimes limit c ertain zooplankters.

Even though concentrations

never decreased below 3.0 mg/1, certain organisms were closely related
to oxygen content, as shown by correlation data.

Total copepods and

Canthocamptus adults correlated nonsignificantly with oxygen content.

2.

Plant Nutrients

Plant nutrients s uch as nitrogen, phosphorus and potassium were used
as crop fe rtilizers in amounts as high as 39 million tons in the U. S. in
1967 (U. S. e
Dpartment o f Agriculture, 1969).

Liquxd ammonia (NH^) and

organic ph osphates were applied to crops adjacent to Main Drain Canal
from about three weeks before the study began until about week 5.
applications occurred on weeks 1 and 2.

Major

Greater concentrations of these

substances in the c anal after this time indicates that they reached the
drainage canal and they may have affected spatial and temporal organismic
distributions.
a.

Nitrite (Tables I through IV; Figures 14, 2 2 and 23).

Nitrate nit rogen is pro bably more important in aquatic systems, but by

Figure 23. Station means for nitrite showing grand mean
and upper and lower 95/£ confidence limits.
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Figure 24. P ho s p h a t e
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mistake, I measured nitrite instead.

There is a relationship between

nitrite and n itrate concentrations.

Reid (1961) states that, at least

in lakes in which nitrite nitrogen is pre sent, seasonal variation in
concentrations of the compound appears to follow that o f nitrate.
Denitrifing bacteria can oxidize ammonia to nitrite and t hen to nitrate
(Hutchinson, 1957).

Thus, it seems possible that some o f the ammonia

used as fertilizer could have been oxidized to nitrite, and then to a
related amou nt of nitrate.

If denitrifing bacteria were present in Main

Drain Canal, measurement of nitrite nitrogen could give a general indica
tion of nitrate nitrogen present.

In light of the variables present in

the denitrifing process, the importance of nitrite as a factor in affecting
spatial and tenporal distributions is qui te uncertain.
Nitrite concentrations correlated positively with distance and
negatively with time during the stud y.
distance were on weeks 5 to 11.

Strongest correlations with

Heavy application of fertilizers adjacent

to upstream stations could have given a negative value during weeks 1 to 4.
High early values at upstream stations could have also caused the high
mean values noticed at stations 1 through 3.

It is not kn own, however,

if excessive fertilizer application was present ad jacent to upstream
stations.

Nitrite concentrations were highest m the canal on week 2.

This date, July 1, corresponds to the t ime of major fertilizer application
on adjacent crops.

Later, fertilizer applications de creased, as did

nitrite con centrations in the canal.
Excessive nitrate can cause algal bloc™ (U. S. Department of
Agriculture, 1969; Knight, 1969; Sylvester and Seablooo, 1963).

Blue-

nv the most tr oublesome group concerning nutrient
green algae are usually trie mo
, T
1967)
blooms (Mackenthun and Ingram, 196/7.

According to Fogg (1965), a 'lag

or induction phase is p resent when an algae population starts to grow.
If nitrate concentrations were present in proportion to the nitrite, it
could have s timulated the first blue-green algae peak on week 5.

A three-

week delay was noticed between maximum nitrite concentrations and maximum

blue-green algae numbers.

Light as a factor in the "bloom" can be ruled

out, because it was e ssentially constant during the study period.
Strongest correlations of total Cyanophyta with distance were present
when more nitrite was at downstream stations (Table I).

Diatom populations often increase when water is riches t in phosphate,
nitrate and s ilica (Fogg, 1965).
correlate po sitively.

Nitrite and total Chrysophyta did

Other explanations for this relationship are

possible.

b.

Phosphate (Tables I through IV; Figures 24 and 25).

Phosphate

correlated positively with distance during weeks 1 to 4, because fertilizer
application was then in progress, but negatively during the rest of the
study.

Its concentrations decreased w ith time, and it displayed ma ximum

concentrations on week 2.

After fertilizer application on adjacent crops

ceased, pho sphate content in the canal decreased.

Phosphate's slowe r

demise wit h time, as opposed to the ni trite's more speedy demise, is
possible since it pro bably was not be ing oxidized.

The quick conversion

of nitrite to nitrate would lower the nitrite concentrations quickly.
Total Cyanophyta, total Chlorophyta and total Chrysophyta all
generally correlated positively with phosphate concentrations.

Phosphate

can canse increases in algal populations (D. S. e
Dpartment of Agriculture.
1969; Mackenthun and Ingram, 1967).
Total rotifers and Canthocamptus nauplii showed negative relation

ships with phosphate.

Concentrations of phosphate seemingly never reached

Figure 25, Station means for phosphate showing grand mean
and upper and lower 95/0 confidence limits.
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harmful lev els.

However, zooplankters do take up small amounts of

phosphorus (Mackenthun and Ingram, 1967), and more laboratory work on the
relationship between phosphate and zooplankton is needed.
Species diversity correlated negatively at 8 of the 9 stations with
phosphate.

Only one o f these eight was significant.

More significant

support is neede d before the effect of phosphate on species diversity can
be concluded.

3.

Pesticides (Table VI; Figure 26)

Because the p esticide study was qualitative rather than quantitative,
certain assumptions must be made before the role of pesticides on distri
butions ca n be considered.

Other unlisted insecticides w ere applied in

the area and could h ave entered the canal.

It must al so be assumed that

if insecticides did reach the can al, they would b ecome more concentrated
at downstream stations, as did o ther factors (for example, turbidity).
Finally, the eff ect of pesticides on organisms would have to be noticeable
during the time of the study.
Peak periods of insecticide application on crops adjacent to Mam
Drain Canal were on weeks 2, 5 and 8, with week 8 having the most appli
cations.

These three-week periods generally coincide with red spider

mite, lygu s bug and cotton boll worm spraying programs, respectively.
Pesticides are not target specific and tend to kill most life forms
(Bullard, 1966).

If pesticides reached the canal and b uilt up

_t . .
_ Koon affected by them.
stations, org anisms could have been
-»
1
total copep ods and total zooplank

tti

The decrease of

distance could have been partly

ochVi 'H p ? at lower stat ions.

caused b y progressively more pes

arP

(1966) documents the fact that some p esticides are
animals.

E. G. Hunt

highly toxic to aquatic
g

..
a 1 s o decreased with distance and could have
Species diversity also

been affected by pesticides.

This is po ssible, because any stress on a

system can cause the inconspicuous species to die off.

Pesticides could

cause the stress, thereby limiting diversity.
The time of least pesticide applications (weeks 5 to 8), coincides
with the tim e of fewest negative organism correlations with distance
(bottom of Table I), indicating possible limitation due to pesticides.

4.

Additional Chemical Factors

There are other factors that co uld influence spatial and temporal
organism distributions (Sylvester and Seabloom, 1963).

Total hardness,

total alkalin ity, chloride, silica, iron and sulfate were only measured
on individual sam ple dates.

No attempt w ill be made to co rrelate these

factors to di stribution patterns.

The results of these chemical tests

are listed in Table VII.

5.

Biological Interactions

Sometimes relationships between organisms can account for spatial
and temporal d istributions.

Possible biological interactions were noticed

in this study.
Aphanizomenon (Cyanophyta) possibly inhibited oth er cyanophytes and
chlorophytes (Figure 14).

When Aphanizomenon began to build up (concen

trations of 107/100 mis. were reached), the unidentified filamentous
Cyanophyta began a decline.

Chlorophyta were also low during this time.

When Aphanizomenon was gone, Chlorophyta began increasing.
total Cyanophyta had just reached its l owest point.

Concurrently,

Frescott (1964) says

. n p 1 v d o m i n at e s o t h e r f o r m s o f C y a n o p h y t a b y

that Aphanizomenon completely dommaue
producing a to xin.
U

n
i = n states
He also sta
• h

that this plant is widel y distributed

in n itrogen and phosphorus.
g

in waters which are rich m ni

Allowing for the

lag which is needed for oxidation of nitrite to nitrate and a possible
induction phase for al gae, the earlier excess amounts of plant nutrients
could have stimulated this toxic organism and thus reduc ed diversity
slightly.
Inhibition could have played a role in the relati onship between
Chlorophyta and Cyanophyta.

Maximum population peaks of these groups

never overlapped (Figure 14).

Discussion

Main Drain Canal provided a valuable situation for study of spatial
and temporal biotic relationships in irrigation runoff because its total
content was agricultural waste water.

Implications can be drawn concerning

farm runoff and its p robable effect o n aquatic systems.

Certainly, con

ditions i n Main Drain Canal were not completely typical of all drainage
canals, but some of the findings can serve as springboards for future
studies of irrigation runoff.
The present study showed that spat ial biotic changes occurred in
Main Drain Canal.

Most Cyanophyta, Chlorophyta and rotifers increased

with distance while Chrysophyta, certain algae (Closterium and Volvocales,
excluding Pandorina), copepods, some zooplankters (Stentor, ostracods,
gastrotrichs, nematodes, beetle larvae, a nd cladocerans) and species
diversity decreased with distance.
Temporal biotic changes were also documented in the study.

Total

Cyanophyta general ly (but nonsignificantly) increased with time, but were
also present p redominantly at two specific times.

Total Chlorophyta

g en e r a ll y d e c r e a s e d w i t h t i m e a nd a l s o d is p l a y e d p e a k p o p u l at i o n s o n LWO
time interva ls.

Chrysophyta decreased significantly with time.

Total

zooplankton (including total copepods, total rotifers and cladocerans)
and species div ersity generally increased with time.
Physical factors, plant nutrients, pesticides, additional chemical
factors and biol ogical interactions are potential causes•for the observed
spatial and temp oral changes.

However, biotic gradients (the increase or

decrease or organis ms w ith distance), as well as chemical and physical
gradients are presen t in all running water (Welch, 1952).

Seasonal

changes in turbidity, w ater temperature, oxygen content, nitrite and

phosphate resulting from agricultural practices may possibly regulate
algae populations , decomposition of organic substances, and even influence
the inhibitions of toxic algae.

Pesticides, if they affect waste water

organisms, could po tentially cause problems at three t imes of the season.
Pesticides are applied at three specific periods, corresponding to three
specific cotton pests.
Certain weaknesses were present in this study.
organisms was not complete.

Identification of

The process of making generalizations using

statistical para meters can lead to fa ulty conclusions.
techniques were somew hat inefficient.

Certain samplxng

For instance, samplin g on two days

and sampling in a particular direction can affect certain physical factor
results.

The m easurement of nitrite as opposed to nitrate nitrogen also

is undesirable.

However, the study was conclusive in several areas.

It

documented cert ain spatial and temp oral biotic changes present in irriga
tion drainage ca nals.

It also documented the presence and distribution

of certain factors present
affect biotic distributions.

in drainage canals which could possibly
However, the complete effect of these

factors remains speculative.
Because of the ecological importance of drainage water, more studies
of irrigation drainage canals are needed.

Additional investigations are

needed to furthe r document spatial and temporal gradients of or„ani
and chemical factors in other drainage situations.

Most important,

laboratory work is needed to verify the effe cts of nutrients, pesticides,
and various ph ysical conditions on organisms present in drainage water.
Future studies should also entail work on canals before the water is
romoarisons can be made with drainage water
used in irri gation, s o that comp
situations.

Irrigation runoff water may alter the quality of a receiving body
such as San Francisco Bay.

Odum (1969) defines an ecosystem as "...a

unit of biological organization made up of all the organisms in a given
area (that is, "community") interacting with the physical environment so
that a

flow of energy leads to cha racteristic trophic structure and

material cycles within the system." Reid (1961) states that climax com
munities or ecosystems tend to be stable and in equilibrium with the
environment as long as no intrinsic changes or external disturbances
occur within the population.

Theoretically, San Francisco Bay could be

in ecological balance with the en vironment, and could have a characteristic
trophic structure.

The addition of nutrients, altered physical conditions

and possibly p esticides could put str ess on this balance.

The stress

brought about by the a ddition of these outside forces could upset the
system's structure and allow changes to take place x^rhich would essentially
push the ecosys tem back successionally (Odum, 1969).
could be affected by irrigation runoff.

Thus, its stability

The time periods of stress on

the bay, as a result of irrigation runoff, would only be seasonal due to
the seasonal nature of irrigation in cr op production, b ut this would be
enough to upset n ormal succession patterns and possib ly be harmful to the
ecology of the bay.
The need for a "master drain" in the San Joaquin Valley is a valid

one, but before its construction more study on drainage water conditions
is nee ded.

Without knowing the effects of runoff addition to other water,

i a w a r e n e s s o f the factors involved
disasterous effects could result.
could make controlled addition possible.

LITERATURE CITED

Literature Cited

Bullard, W. E.

1966.

Effects of land use on water resources.

J. Water

Pollution Control Fed. 38:645-659.
California Department of Water Resources.

1968.

applied to ir rigated agricultural land.
Clarke, G. L. 1967.

Elements of ecology.

The fate of pesticides

Bull. 174-1, 30 p.
John Wiley and Sons, Inc.,

New York, 560 p.
Cordone, A. J. and Don W„ Kelley.

1961.

The influence of inorganic

sediment on the aquatic life of streams.

Calif. Fish and Game

47(2):189-198.
Ellis, M. M. 1936.

Erosion silt as a factor in aquatic environments.

Ecology 7(l):29-42.
Flippin, E. 0.

1945.

Plant nutrient losses in silt and water in the

Tennessee River system.
Fogg, G. E.

1965.

Soil Sci. 60:223-239.

Algal cultures and phytoplankton ecology.

Univ. of

Wisconsin Press, Madison, Wisconsin, 128 p.
Hunt, E. Go

1966.

The impact on fish and wildlife of pesticides m

agricultural waste waters, p. 170-176.
Agricultural waste waters.
California.

In: L. D. Doneen (ed.),

Water Resources Center, University of

Report No. 10.

Hutchinson, C. E. 1957.

A treatise on limnology.

Volume I.

John Wiley

and Sons, Inc., New York, 902 p.
Knight, A. W.

1969.

waste water.

Hydrobiological methods as they relate to irrigation

A talk presented at the California Irrigation Institute.

Hotel El Rancho, Sacramento, Calif.
A TT
M
Tneram
Mackenthun, K. M. and W. Mo Ingram.

in freshwater e nvironments.

tj

1967.

s.

Pollution Control Admin., 287 p .

Biological associated problems

Dept. of Interior, Fed. Water

Needham, J. G. and J. T. Lloyd.

1916.

The life of inland waters.

Corns took Publishing Company, New York, 438 p.
Odum, E. P.

1969.

The strategy of ecosystem development.

Science 164:

262- 270.
Patrick. R.

1948.

Factors affecting the distribution of diatoms.

Botan. Rev. 14(8):473-524.
Pennak, R. W.

1953.

Fresh-water invertebrates of the United States.

The Ronald Press Co., New York, 769 p.
Prescott, G. W.

1964.

How to know the fresh water algae.

Wm. C. Brown

Co., Dubuque, Iowa, 272 p.
Reid, G. K. 1961.

Ecology of inland waters and es tuaries.

Reinhold

Publishing Corp., New York, 373 p.
Saunders, G. W. 1957.
phytoplankton.

Interrelations of dissolved organic matter and

Botan. Rev. 23:389-410.

Sylvester, R. 0. and R. W. Seabloom.
irrigation return flow.
Civil Engineers.
Trembley, F. J.

1962.

1963.

Quality and significance of

J. Irrigation Drainage Div. Proc., Am. Soc.

IR 3:1-27.
Effects of cooling water from steam-electric power

plants on stream biota, p. 334-337.

In: C. M. Tarzwell (ed.),

Biological problems in water pollution.
Education and Welfare.

U. S. Dept. of Health,

Public Health Service Publication No. 999-

wp-25.
U. S. Department o f Agriculture.

1969.

Control of agricultural-related

pollution; a report to the President produced join tly by the 0. S.
Dept. of Agriculture and the Di rector of the Office of Science and
Technology.

U. S. Public Health Service.

1960. Algae and met ropolitan wastes.

Soc.

TR. W61-3.
Vinyard, Win. C.

San Joaquin Valley drainage investigation-biological

phase-phytoplankton (unpublished report).
Welch, P. S. 1952.

Limnology.

McGraw-Hill Book Co., New York, 538 p.

Williams, H. P. and C. H. Wadleigh.
pollution control program.
Woolf, C. M.

1968.

1968.

U. S. D. A. urges 4 point

West Water News 20(10):1-3.

Principles of biometry.

Princeton, New Jersey. 359 p .

D. Van Nostrand Co., Inc.,

