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FOREWORD

The Environmental Protection Agency was created because of
increasing public and government concern about the dangers of
pollution to the health and welfare of the American people.
Noxious air, foul water, and spoiled land are tragic testimony
to the deterioration of our natural environment. The complexity
of that environment and the interplay between its components re-
quire a concentrated and integrated attack on the problem.

Research and development is that necessary first step in
problem solution and it involves defining the problem, measuring
its impact, and searching for solutions. -The Municipal Environ-
mental Research Laboratory develops new and improved technology
and systems for the prevention, treatment, and management of
wastewater and solid and hazardous waste pollutant discharges -~
from municipal and community sources, for the preservation and
treatment of public drinking water supplies and to minimize the
adverse economic, social, health, and aesthetic effects of pollu-
tion. This publication is one of the products of that research-
a most vital communications link between the researcher and the
user community.

This project focuses on methods of maximizing the use of
water resources in a planned urban environment, while minimizing
their degradation. Particular attention was directed toward
determining the biological, chemical, hydrological, and physical-
characteristics of stormwater runoff and its corresponding role
in the urban water cycle.

Francis T. Mayo, Director
Municipal Envirormental Research
Laboratory
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' PREFACE

The overall goal of thils research was to evaluate the water
resource plan for The Woodlands, Texas, and to make recommenda-
tions, as necessary, to maximize its effective utilization
through alterations in design and management. Any recommended
alterations were to be critically evaluated as to their com-
patibility with the natural environment.

Collection and utlllzatlon of stormwater runoff for recrea-
tional and aesthetic purposes was a major feature of the water
resources plan at The Woodlands. Control of downstream flooding
was also of great 1mportance and so storage reservoirs, in the
form of recreational lakes and wet weather ponds, were created
by the developers. Water quality was a concern if the impound-
ments were to be aesthetically appealing and/or suitable for
recreation. Therefore, a major sampling and analytical program
was designed to monitor water quality and quantity at different:
locations in the developing area. The Storm Water Management
Model (SWMM) provided the focal point for combining the water
quality and quantity data 1nto a predictive tool for design and
management purposes.

SWMM was originally developed for highly urbanized areas
and, therefore, was callbrated for this project in an urban
watershed (Hunting Bayou) . Subsequently, SWMM was modified to
model runoff and water quallty from natural drainage areas, such
as The Woodlands. Because of the lag in the construction
schedule at The Woodlands, the dense urban areas were not com-
pleted during the project period. Consequently, Hunting Bayou
and other urban watersheds were sampled to prov1de a basis for
predicting pollutant loads at The Woodlands in the fully devel-
oped state.

Water analyses includedlmany traditional physical, chemical,
and biological parameters used in water gquality surveys. Patho-
genic bacteria were also enumerated since the role of traditional
bacterial indicators in stormwater runoff was not clear. Algal
bioassay tests on stormwater!were conducted to assess the eutro-
phication potential that would exist in the stormwater impound-
ments. The source, transport, and fate of chlorinated hydro-
carbons in stormwater runoff were also.investigated.

|
Several of the large Woodlands impoundments will receive
reclaimed wastewater as the major input during dry weather.
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Besides their use as a source of irrigation water, the lakes will
be used for non-contact recreation-~primarily fishing and boat-
ing. Because the reclaimed wastewater must be disinfected, there
was a concern about disinfectant toxicity to the aquatic life in
the lakes. Consequently, comparative fish toxicity tests were
conducted with ozone and chlorine, the two alternatives available
at the water reclamation plant.:

Porous pavement was considered by the developers as a method
for reducing excessive runoff due to urbanization and an experi-
mental parking lot was constructed. Hydraulic data were col-
lected and used to develop a model compatible with SWMM, to pre-
dict the effects of using porous pavement in development. Water

quality changes due to infiltration through the paving were also
determined.

Hopefully, the results of this project will contribute in a
positive way to the development of techniques to utilize our
urban water resources in a manner more compatlble with our
cherished natural environment.




ABSTRACT

The monthly occurrence 4nd distribution of algae in 15
aquatic habitats in The Woodlands were studied over a 33-month
period. The majority of the |140 identified species were members
of the Chlorophyta, while the least number of species belonged
to the Pyrrophyta. Most of the algal species were not indigenous
to one collection site, thus |a rather diverse algal flora was
found throughout The Woodlands watershed. Differences in total
algal species were due, primarily, to changes in the numbers of
green algal species present in the various habitats.

Seventy-nine species of ‘algae were identified from Panther
Branch. However, species composition was not uniform along this
stream due to inflow of water from Bear Branch, the Conference
Center Lakes, and wet weather ponds. The algal standing crops
in both the headwaters and lower regions of Panther Branch were
dominated by euglenoids and/or diatoms. Also, there was a sig-
nificant increase in algal numbers between the headwaters and
lower portions of Panther Branch. During periods of low flow,
phosphorus was the single most limiting nutrient for algal growth
in this stream. However, additions of nitrogen to stormwater
runoff from Panther Branch stimulated algal growth to a greater
extent than phosphorus additions.

Forty-nine species of algae were identified from the Con-
ference Center Lakes. During the study period, the largest
change in species composition occurred in the Chlorophyta, which
resulted in a final dominance by these algae instead of eugle-
noids. The algal standing crops of Lake B fluctuated dramat-
ically over a two-year period and dominance of algal numbers
varied with seasonal fluctuations of species in the various algal
groups. Nutrient limitation studies showed that phosphorus
additions to low-flow water increased algal cell yields, while
yields in stormwater samples were increased by nitrogen
additions. .

Species representing 52 algal genera were identified from
surface soils collected from 25 disturbed and 26 undisturbed
sites in The Woodlands. Undisturbed soils had more diverse
algal populations, but smaller standing crops, than disturbed
soils, even though concentrations of nitrogen and phosphorus
were higher than in most disturbed soils. Disturbance of soil
and changes in soil pH were primary factors which influenced
algal distribution. Soil disﬁurbance caused development of more
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diverse blue-green algal flora, due to accompanying increases in
soil pH. Decreased soil pH favored dominance by green algae.
Standing crops of algae decreased with soil depth at three
undisturbed collection sites and algae were not present below a
depth of 30 cm. Bioassays showed that phosphorus was the nutri-
ent most limiting for algal growth in water leachates of soils.

During the 33 months of study, rather extensive stands of
aguatic vascular plants developed in the littoral zones of the
Conference Center Lakes, primarily in Lake B and to a lesser
extent in Lake A. ' '

This report was submitted in fulfillment of Grant No. 802433
under the sponsorship of the U.S. Environmental Protection Agency.
This report covers a period from July 1973 to December 1976..
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SECTION 1

INTRODUCTION

GENERAL STATEMENT

Eutrophication may be broadly defined as nutrient enrichment
that results in high biological productivity and a decreased vol-
ume within an ecosystem. In undisturbed lakes, eutrophication is
a natural "aging" process and eventually culminates in the dis-
appearance of the lake itself. However, addition of excessive
quantities of nitrogen and phosphorus to aquatic ecosystems often
accelerates eutrophication and poses a serious problem in water
quality management. Municipal sewage (1,2,3), agricultural
drainage (4), managed forestland drainage (5), and edaphic ferti-
lization often promote eutrophication by enhancing the growth of
bacteria, algae, and aquatic wvascular plants. Population densi-
ties of these organisms often reach nuisance proportions and
interfere with the esthetic qualities of water resources. Scums
of algae and excessive growth of aquatic macrophytes discourage
boating and swimming activities. Algal "blooms" discolor and
impart unsatisfactory tastes to the water (1,6,7), excrete toxins
into the water (8,9,10), clog filters (11), and upon decomposi-
tion produce foul odors (1,7). Anoxic conditions, formed by
rapid decomposition of algae, may also result in later summer
fish kills (7). Accordingly, values of lake properties may
depreciate and, as Palmer (7) has reported, there are increased
burdens on municipal water systems due to additional costs in-
curred in the filtration and deodorization of the water.

The literature on eutrophication is voluminous and often
contradictory. Several reviews are available (12,13,14,15,16)
and no attempt will be made to review the entire literature in
this report. Most limnological studies have been either on lakes
that were or were not eutrophic at the time of study and few in-
vestigations have continued long enough to follow changes in the
trophic status of lakes. Even fewer studies have been initiated
on a drainage system before the construction of lakes; thus,
complete developmental histories of the water resources of a
particular watershed are lacking.

Sewage effluent is a prime contributor of nitrogen and phos-
phorus to waterways. Also, significant quantities of these
elements may be transported to aquatic ecosystems from water-
sheds. If the watershed is used for urban purposes, the role of
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surface runoff becomes ecologically more critical since urbani-
zation increases the amount of nitrogen and phosphorus discharged
to surface waters (17,18,19,20). However, there seems to be con-
flicting opinions on the stimulatory effects of urban runoff on
algal growth (21,22,23).

The Woodlands, a planned new community located north of
Houston, Texas, is an ideal location for investigating the im-
pact of urbanization on the water resources of a particular
drainage system. Since two small recreational lakes in The
Woodlands will receive treated and untreated stormwater and
treated sewage effluent, they are being used as natural biologi-
cal reactors for comparing water qualities before and after com-
munity development. Likewise, Panther Branch, which drains the
major portion of The Woodlands, is being investigated to deter-
mine the eutrophication potentials of low-flow water and storm-
water runoff as urbanization increases in the watershed. Data
from the study of Panther Branch can also be used to assess the
impact of The Woodlands on dowstream receiving waters. Chemical
analyses are being utilized to ascertain quantities of nutrients
which are present in these aquatlc ecosystems. Controlled nutri-
ent limitation studies are being used to obtain information on
possible limiting nutrients for algal growth. Thus, accurate
description of expected water,quallty, combined with detailed
knowledge of the indigenous aquatlc flora, should permit formu-
lation of strategles for wate& management. These strategies may
then be employed in controlllng eutrophlcatlon in a larger
recreational lake which is belng constructed in The Woodlands.

RESEARCH OBJECTIVES

The following research objectlves were assigned to this.
projects:

1. Characterization of algal populations in The Woodlands
watershed. Utilization of this baseline data in
assessing the influence of urbanization on diversity,
distribution, and standing crops of algae in the
lentic and lotic habitats of The Woodlands.

2. Determine which physicochemical parameters signifi-
cantly influence changes in natural algal populations
in aquatic ecosystems of The Woodlands.

3. Determine which nutrient is most limiting for algal
growth in stormwater runoff and low-flow water from
various sites in The Woodlands.

4, TIdentification of agquatic vascular plants and their
distribution in The Woodlands.




5. Determine the impact of urbanization on the edaphic
algal population in The Woodlands.

PROJECT OVERVIEW

, From October, 1973, to May, 1976, a concerted effort was
made to evaluate the impact of urbanization on the aquatic flora
in The Woodlands. Several aguatic habitats were sampled on a
regular basis to identify factors which influence algal popula-
tion dynamics. Nutrient limitation studies were conducted to
determine which nutrient was most limiting for algal growth dur-
ing conditions of low flow and stormwater runoff. Water from
Hunting Bayou and Westbury Square, developed communities near
Houston, Texas, were used in bioassay experiments. The impact of
urbanization on edaphic algal populations was also determined.




SECTION 2

CONCLUSIONS

The physicochemical parameters in the aquatic habitats of
The Woodlands were not selective for growth and dominance by only
a few algae. The algal associations encountered were indicative
of oligotrophic or slightly @esotrophic waters.

The algal populations in Panther Branch are not uniform in
species composition and collections from one site would not be
indicative of the total algal populations of the stream.

Changes in NH4-N influenced all algal populations in the
segment of Panther Branch between sites P-10 and P-30.

The development of standing crops of phytoplankton in
Panther Branch is 1nfluenced to a large extent by stream flow
rates.

Phosphorus is the limiting nutrient for algal growth in the-
Conference Center Lakes and Panther Branch during low flow, while
nitrogen is more limiting than phosphorus for algal growth in
stormwater samples. Thus, operation of the phosphorus precipi-
tation system could be suspended during periods of high flow,
since phosphorus is flushed from aquatic habitats in The Wood-
lands during this time. However, there is the potential that
phosphorus transported from The Woodlands may accumulate in
downstream receiving waters and cause eutrophication. A savings
in water treatment costs of $500 to $1,200 per day or about
$50,000 per year, depending dn the number of rainy days, could
be achieved by this program.

Disturbance of land in The Woodlands is accompanled by de-
creases in the diversity of spec1es and increases in numbers of
edaphic algae. Fertlllzatlon of the soil and increased soil.pH
result in larger standing crops of blue-green algae and diatoms.
Thus, surface runoff from fertilized soils  serves as a source of
nutrients and troublesome algae.

The littoral zones of the Conference Center Lakes are de-
veloping rather extensive growths of aquatic vascular plants.
If these plants are not managed properly, they will completely
encompass these lakes.




SECTION 3

RECOMMENDATIONS

A water quality management program should be instituted to
insure proper maintenance of the aquatic ecosystems in The Wood-
lands. The first flush of nutrients during storm events should
be captured or diverted and treated before release into Panther
Branch or the Conference Center Lakes. Homeowners and golf
course managers should be encouraged to select and apply ferti-
lizers with caution, since excessive, long-term fertilization
could result in nutrient buildups in aquatic systems of The
Woodlands.

The wet weather ponds and marshes in The Woodlands should
be managed since they often overflow into Panther Branch. Ex-
cdessive concentrations of algae and nutrients in these habitats
would ultimately affect the water quality of Panther Branch and
its downstream receiving waters, especially if Panther Branch
water is utilized to control water levels in preexisting and
future lakes.

Nutrient concentrations and detention times in the Confer-
ence Center Lakes should be controlled in order to prevent ex-,
cessive concentrations of algae. Treated sewage effluent and/or
well water could be used to periodically flush these lakes and
dilute algal nutrients.

The aquatlc vascular plants should be managed in order to
prevent them from totally encompassing the Conference Center
Lakes. This might be accomplished by increasing the slopes of
the littoral zones and/or by harvesting and removal of the
plants.

A long-term program should be established to monitor nutri-
ent levels and algal concentrations in The Woodlands. This would
allow identification of potential water management problems and .
formulation of corrective strategies. )
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éECTION 4

EXPERIMENTAL PLAN

PANTHER BRANCH

The follow1ng research program was used to assess the impact
of increasing urbanization on algal population dynamics in
Panther Branch:

l. Diversity and standing crops of algae were determined
on a seasonal basis at several collection sites along
Panther Branch. Data collected above and below the
major area of construction in The Woodlands were com-
pared in order to determine the influence of urbaniza-
tion on abundance and transport of algae in this stream.
Temporal and spatial changes in both algae and physico-
chemical parameters were compared (single and multiple
regressions) to determine which factors significantly
influenced algal populatlons in Panther Branch.

2. Algal bioassays were conducted with water collected from
Panther Branch to determine whether nitrogen and/or
phosphorus was the limiting nutrient for algal growth
Low-flow water and stormwater runoff were used to com-
pare possible llmltlng nutrients above and below The
Woodlands construction area. '‘Bioassays with water
collected on a diurnal basis at two sites in Panther
Branch allowed determination of temporal and spatial
changes in llmltlng nutrients.

3. For comparative purposes, standing crops and diversity
of algae were studied at a collection site in Spring
Creek. Water from thls site was also used in algal
biocassays similar to those conducted for Panther Branch
samples. ‘

CONFERENCE CENTER LAKES (A &iB)

The following research program was followed for asse531ng
the impact of urbanization of the Conference Center Lakes in The
Woodlands:

l. Algal population dyﬁamics were investigated on a
seasonal basis in the Conference Center Lakes,
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particularly Lake B. Data on algal standing crops were
correlated with physicochemical parameters for identi-

fication of factors which significantly influenced the

algal populations.

2. Algal biocassays with low-flow water and stormwater run-
off from the lakes were conducted to determine which
nutrient(s) was limiting for algal growth.

3. The agquatic vascular plants were surveyed and their
distribution in the lakes noted.

WET WEATHER PONDS

For comparative purposes, three wet weather ponds in The
Woodlands area were studied according to the following program:

1. Standing crops and species diversities of algae were
determined on a seasonal basis.

2. Aquatic vascular plants were surveyed to determine
their distribution in The Woodlands.

EDAPHIC ALGAE

The impact of urbanization on edaphic algal populations in
The Woodlands was determined as follows:

1. Diversity and standing crops of algae were determined in
undisturbed and disturbed soils (fertilized and unferti-
lized) and as.a function of soil depth.

2. Concentrations of potential soil nutrients were deter-
mined from water leachates. Data were correlated with
~ the algal data to identify factors which influenced the
distribution of edaphic algae.

3. S8oil leachates were used in algal bioassay studies to
determine the limiting nutrient for algal growth if the
soil ‘was inundated.



SECTION 5
|

RESULTS AND DISCUSSION

ALGAL POPULATIONS IN THE WOODLANDS WATERSHED

Water samples for algal studles were collected from fifteen
sites in The Woodlands area (Flgures 1 and 2). Monthly samples
were collected at the sites on Panther Branch during the first
. year of study and then at random time intervals for the remainder
of this investigation. Monthly samples were collected for three
vears from Lake B and at random intervals from Lake A. A
description of each collection site is provided in Table 1.

From October, 1973 to Aprll 1976, 140 species of algae were
collected and identified from[Panther Branch, Spring Branch, Lake
B, and three wet weather ponds (Table 2). Seventy-seven species
(55%) were present at more thén one site, while 26 specres
(18.6%) were found at all 51tes. Thirty-seven species (26.4%)
were collected from only one 31te, and 21 of these algae were
found in one of the wet weather ponds (site GP). Thus, most of
the algal species were not 1nd1genous to one aquatic system and
contributed to a rather dlverse algal flora in The Woodlands
area. Primary emphas1s was placed on analyses of stream and lake
phytoplankton, since prellmlnary studies indicated sparse popula-
tions of attached algae. Also, phytoplankton represent those
algae most consistently transported in aquatic habitats and the
most likely to have sustained' 1mpact on downstream receiving
waters. :

The algal populations atithe various collection sites,
especially GP, were composed of diverse assemblages of green
algae. Of the total number of algae identified, 65.7% were green
algae, 10.7% were blue—greens, 11.4% were chrysophytes, 11.4%
were euglenoids, and 0.7% were dlnoflagellates. With the excep-
tion of the Chlorophyta, the number of species in the various
algal divisions did not vary s1gn1f1cantlv from one site to
another (Table 2). leferences in total algal species were in-
fluenced primarily by changes in the number of green algae
present at the various sites. .

The algal associations encountered in The Woodlands are in-
dicative of oligotrophic waters (24) . Since the algal popula-
tions were relatively dlverse, these aquatic ecosystems were not
under stresses which selectively favored the presence of only a

8
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TABLE 1.

LOCATION DESCRIPTIONS OF AQUATIC COLLECTION SITES

Sites Location
P-01 Panther Branch, vicinity FM 1488.
P-09 Panther Branch, 100 feet upstream of
confluence with Bear Branch.
P-10 Panther Branch, 500 feet downstream of
confluence with Bear Branch.
P-20 Panther Branch, 1 mile upstream from
: Station P-30.
P=-25 Panther Branch, 1/4 mile upstream
from Station P-30.
P-30 Panther Branch, U.S.G.S. Gauging
Station at Sawdust Road.
P-40 Panther Branch, 100 feet upstream of
confluence with Spring Creek. ’
S-09 Spring Creek, 100 feet upstream of
confluence with Panther Branch.
s-10 Spring Creek, vicinity Interstate 45
at U.S.G.S. Gauging Station.
PM Wet Weather Pond, vicinity FM 1488.
RP Wet Weather Pond, entrance to Woodlands
‘ on old Robinson Road. ,
GP Wet Weather Pond, vicinity of old
' Robinson Road entrance.
LB Lake B, Conference Center.’
BP Small pond, Robinson Road entrance.
GC Water trap, golf course near P-25.

A
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few species. However, major perturbations of the systems would
probably result in species composition changes and seasonal
dominance would be assumed by blue-green algae, dinoflagellates,
or certain species of diatoms (24). Studies also indicate the
presence of most algal species throughout the year, even though
numbers fluctuate on a seasonal basis.

PANTHER BRANCH--WATER QUALITY

Monthly water quality parameters for sites P-10 and P-30 are
presented in Figures 3 and 4, respectively. All of the water
quality data collected in The Woodlands project are presented in
Stormwater Runoff Quality: Data Collection, Reduction and Anal-
ysis (25). The pH at both sites was usually in the acidic
range, except in the second year when the pH at P-30 steadily
increased toward the alkaline range. This was due, in part, to
inflow of treated sewage effluent and golf course drainage into
Panther Branch above site P-30. Variation in temperature and
dissolved oxygen followed a seasonal pattern with higher dis-
solved oxygen concentrations and lower temperatures prevailing
in winter. Fluctuations in discharge were relatively similar for
both sites but the magnitude of discharge was higher at P-30.

The relatively high concentrations of suspended solids at P-10 in
May and June of the first yvear were due to construction of a
U.S.G.S. gauging station at this site. During construction, a
relatively stagnant pool of water formed above P-10 and developed
a dense growth of Oedogonium. Concentrations of suspended solids
were higher at P-30 than at P-10, especially during the first
year when construction activities and watershed disturbance were
at their maximum.

Levels of NHy-N, O- PO4 and NO3-N fluctuated significantly
at both sites. Concentrations of NH4-N and O- -POy were higher at
P-30, while significant long-term differences in NO3-N or NOy-N~
levels were not noted at either site. Levels of 0-PO4 were high
during the first year, but diminished in the second year of
study. Concentrations of NHy~-N and NO3-N, especially at P-10,
fluctuated throughout both years and remained relatively high at
both sites. Nitrogen and phosphorus concentrations at P-10 were
influenced by inflow of water from marshes located above this
site, while P-30 water quality was influenced by drainage from
the golf course and construction areas in The Woodlands and in-
flow of treated sewage effluent.

Table 3 represents the average yearly values for various
physicochemical parameters at various sites along Panther
Branch. With few exceptions, concentrations of 0-POy4, NH,-N,
NO,-N, and suspended solids at each site were either similar for
both years or decreased during the second year of study. How-
ever, with the exception of NO3-N, there were increased concen-
trations of these elements at P-30 during both years.. Concentra-
tions of NO3-N increased along the course of Panther Branch

13
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during both years, with the largest increase occurring in the
second year. Dissolved oxygen concentrations were relatively
uniform, but were generally higher in the second year. There
was, however, a lower average dissolved oxygen concentration at
P-30 than at P-10. Temperature and pH were relatively uniform
at both sites during both years. Aberrations in average concen-
trations of physicochemical parameters at P-20 were probably due
to inflow of water from the Conference Center Lakes. This, com-
bined with inflow of water from marshes and drainage from the
golf course, probably resulted in the increased concentrations of
nutrients along the course of Panther Branch. Also, massive land
disturbance in the watershed in the first year of study probably
accounted for the higher concentrations of various nutrients and
suspended solids than those noted in the second year.

PANTHER BRANCH--ALGAL POPULATIONS

Seventy-nine species of algae were identified from Panther
Branch. Twenty-six species (32.9%) were identified from all
sites along Panther Branch, 18 species (22.8%) were present at
two collection sites, and 35 species (44.3%) were found at only
one site. Thus, the algal populations along Panther Branch are
not uniform in species composition and collections from only one
site would not be indicative of the total algal populations of
the stream.

Site P-01 is located in the headwaters of Panther Branch and
often receives overflow water from surrounding marshes and wet

weather ponds. Site P-10 is below the confluence of Panther and
Bear Branches, while site P-30 is located below the outfall from
the Conference Center Lakes. Thus, changes in the number and

composition of algae (Table 4) along Panther Branch are probably
influenced by entry of water from these sources. Preexisting
algal populations may be diluted and new algal species may be
added at points of confluence. This latter fact was exemplified
by the presence of only two algae (Cocconeis sp., Cosmarium
hammeri) in Panther Branch which were not identified from other
collection sites in The Woodlands.

Standing crops of algae at sites P-10 and P-30 are presented
in Figures 5 and 6, respectively. On a seasonal basis, algal
cell numbers fluctuated more at site P-30 than at P-10. The
algal standing crops at both sites were dominated primarily by
members of the Euglenophyta and green algae were minor components
of the total algal populations. Numbers of blue-green algae were
comparatively low at both sites, even though they were more
numerous at site P-30. A survey of various collection sites
along Panther Branch (May, 1974) also indicated that standing
crops in this stream were dominated by euglenoids and/or diatoms,
while numbers of green algae and blue-green algae were compara-
tively low (Figure 7). Dominance of this type is indicative of
slightly acid streams with high organic carbon content.
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TABLE 4. DISTRIBUTION OF ALGAL SPECIES AT THREE
SITES IN PANTHER BRANCH

Collection Site

Division P-01 ‘ P-10 ' P-30
Chlorophyta 328 (54.2)P 17 (38.6) 19 (41.3)
Cyanophyta - 6 (10.2) 5 (11.4) 6 (13.0)
Chrysophyta 10 (17.0) 8 (18.2) - 10 (21.7)
Euglenophyta 10 (17.0) 13 (29.5) 11 (24.0)
Pyrrophyta 1 (1.6) 1 (2.3) -
Total 59 44 . 46

b

& humber species/site; % of total species/site

The algal standing crops were somewhat higher at P-10 than
at P-30. However, data in Figures 5 and 6 represent cells/liter
and do not indicate the numbers of algae transported by the
stream. Thus, the seasonal mass transport of algae at sites P-10
and P-30 are presented in Table 5. These data showed significant
increases in algal cell numbers between P-10 and P-30. Entry of
water along this stretch of Panther Branch could have influenced
algal standing crops at P-30. Also, increased standing crops
were probably due, in part, to cell divisions by the various
algal species. The data in Table 5 were converted to mass trans-
port of the total algal populatlon on a dry weight basis by use
of a formula derived from data in the literature (26) and from
observations in our laboratory. On this basis, 18.3 kg algae/yr
were transported by P-10, while 121.0 kg algae/yr were trans-
ported by P-30. This represents a change of 103.0 kg algae/yr
between the two sites. Assuming that algae are composed of 50%
carbon (24), there was a gain of approximately 51.5 kg carbon/yr
due to algae.

Multiple regressional analyses showed that the physico-
chemical parameters in Table 6 were responsible for major varia-
tions in algal populations at sites P-10 and P-30. Single
regressions indicated no apparent uniformity in factors which
influenced algal standing crops at these sites. However, changes
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TABLE 5. MASS TRANSPORT (CELLS/YR) OF ALGAE IN
PANTHER BRANCH

: Collection Site

Division P-10 P-30 - P-30 - P-10
Chlorophyta 3.02 x 1012 6.54 x 10%2 3.52 x 1012
| .

Cyanophyta 9.08 x 102 2.16 x 10%% 2,07 x 10'*
Chrysophyta 1.78 x 10%3 3.53 x 10°3 1.75 x 10%3
Euglenophyta 1.42 x 103 3.42 x 10°3 " 2.00 x 10%3
Total 4.41 x 1013 14 14

2.92 % 10 2.48 x 10

,v i

in NHy4-N influenced changes in all algal populations in the seg-
ment of Panther Branch between P-10 and P-30 (Table 7).
\

The diversity and standlng crops,of spe01es within a partic-
ular algal populatlon are governed by complex interactions
between various phys1cochemlcal parameters. For example, a
change in the concentration of a particular nutrient might result
in a dramatic change in the standlng crop of only one spe01es.
However, regression analyses!would indicate variation in the
total algal populatlon, when, in fact, the variation was due to
only one species. This mlght account for ‘the relatively low
correlations between the phy31cochemlcal parameters and algal
populations in Tables 6 and 7. It is also possible that some
unmeasured parameter was a major factor which controlled changes
in algal populations.

PANTHER BRANCH~~NUTRIENT LIMITATIONS

The development of standlng crops of phytoplankton in
Panther Branch is influenced ! 'to a large extent by stream flow
rates. High-flow rates do not provide adequate detention times
for development of large standing crops at. any given point along
the stream. However, reductions in flow rates and/or pooling in
the stream allow detention times suitable for development of
large standing crops, provided nutrlents are not limiting for
algal growth. Development of algal populatlons in this stream,
as in other aquatic ecosystems, is influenced by concentrations
and availability of various algal nutrients. This point is not

I
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only pertinent to development of phytoplankton in Panther
Branch, but also to aquatic systems which might receive water
from this stream. Thus, it is imperative to have some knowledge
of which nutrients stimulate algal growth in Panther Branch
water. Therefore, algal biocassays were conducted to determine
whether nitrogen and/or phosphorus were limiting for algal
growth. )

During early stages of urbanization in The Woodlands, low-
flow water samples from various points along Panther Branch ex-
hibited no significant variations in their ability to support
algal growth (Figure 8). Cell yields were 'increased by addi-
tions of both nitrogen and phosphorus to water samples and phos-
phorus was the most important single limiting nutrient along
Panther Branch. The introduction of treated sewage effluent and
agricultural runoff into Spring Creek, above sites S$-09 and S-10,
was probably responsible for the comparatively larger algal
yields in water from this stream. A similar study conducted at
a later date (September, 1975) indicated that water from site
P-25 supported more algal growth than water from other sites
along Panther Branch (Figure 9). Cell yields at P-25 were com-
parable to those obtained with water from S-10 in Spring Creek.
‘This was probably due to the introduction of nutrients into
Panther Branch from the surrounding golf course. Reduced algal
yields in water for P-30 were probably due to dilution of nutri-
ents by inflow of water from the Conference' Center Lakes and a
golf course pond. However, it is possible that some toxic
material was present in the water or that some nutrient, other
than nitrogen or phosphorus, was limiting algal growth. Addi-
tions of both nitrogen and phosphorus to water samples increased
cell yields, while nitrogen was the single nutrient which most
stimulated algal growth at all sites except P-30 and S-10.
Additional studies indicated that phosphorus was the limiting
nutrient at P-~30. Algal growth was also stimulated in water from
Panther Branch by removal of turbidity.

Variations in yields of the test alga were also noted in
low-flow water collected on a diurnal basis at P-10 (Figure 10).
Additions of both nitrogen and phosphorus to the test samples
produced the greatest stimulation of algal growth, while enrich-
ment with either nitrogen or phosphorus indicated variable growth
stimulation. In a similar study with P-30, water collected dur-
ing the same diurnal time period produced results similar to
those at P-10 (Figure 11). ' However, phosphorus appeared to be
the nutrient most limiting for algal growth in low-flow water
from P-30.

Algal bioassays were also conducted Wlth water collected
from Panther Branch at various time 1ntervals during the course
of storm events. The stormwater runoff collected below the
major area of construction in The Woodlands (site P-30) seemed
to fluctuate in its ability to support the growth of algae
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l
(Figures 12 and 13). The first flush of nutrients into Panther
Branch was reflected by increased cell yields in corresponding
water samples. However, as the storm progressed there was a de-
crease in algal cell yields in test waters. Subsequent increases
in discharge were also accompanied by increased yields in the
test water (Figure 14). Algal cells were increased dramatically
by enrichment of stormwater samples with both nitrogen and phos—
phorus. However, nitrogen was most limiting for algal growth in
stormwater runoff collected from P-10 and P~30 during a s1ngle
storm event (Figure 15). Larger algal yields were noted in P-30
water during initial phases of the storm due to increased concen-
trations of algal nutrients.

Miller et al. . (27) stated that 1 ug P/l ylelds 0.43 mg dry
weight of algae, - Whlle 1 ug total soluble inorganic nitrogen
(TSIN) per liter (NH3-N + NO3-N + NO2-N) yields 0.038 mg dry
weight of algae. These values were used to calculate theoretical
algal yields from measured concentrations of TSIN and 0-POy at
sites P-10 (Table 8) and P-30 (Table 9). These data indicate
that theoretical yields for both TSIN and 0-PO4 varied on a
monthly basis at both sites and tended to decrease during the
second year of study. However, potential yields were greater in
water from P-30 than from P-10. Table 10 presents a similar
treatment of the average yvearly values of TSIN and 0-PO4. These
data indicate an increase in|the potentlal of water to support
algal growth as it moves downstream in Panther Branch. The in-
crease in TSIN and 0-PO, were sufficient to increase theoretical
yields at P-30 in amounts indicated in Table 10. However,
potential yields. generally decreased during the second year of
study. !

Bioassays were also used to determine the stimulatory ef-
fects of discrete stormwaterisamples collected from Hunting Bayou
and Westbury Square on algal igrowth. At Hunting Bayou (March 20-
21, 1975), algal growth was stimulated by the addition of nitro-
gen and phosphorus to the first water sample and by nitrogen or
phosphorus additions to the second water sample (Figure 16).
However, algal growth was not enhanced by the addition of nutri-
ents during the latter portidns of the storm. Reduction in
growth capacity could have been caused by nutrient limitations
or by some toxic substance(s) which was washed into the stream.
Unfortunately,; combined nltrogen and phosphorus spikes were not
added to these samples. If a toxic substance was present, it
inhibited Selenastrum in small quantities or was present in
sufficiently high concentrations to prevent dilution to a non-
inhibitory concentration. Reduced growth may also have been
due to a deficiency in some trace element which was essential for
algal growth. Even so, the data indicated a definite variation
in the capacity of the stormwater runoff to support algal
growth.
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Figure 13.
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TABLE 8. THEORETICAL YIELDS OF ALGAE BASED ON NITROGEN AND
PHOSPHORUS CONCENTRATIONS AT P-10

TSIN® PO4=~P TSIN Yield PO,-P Yield

MONTH (mg/1) (mg/1) (mg/1) (mg/1)
Nov. 0.170 0.020 6.5 8.6
Dec. 0.105 0.018 4.0 7.7
Jan. 0.100 0.010 3.8 4.3
Feb. 0.096 0.045 3.6 19.4
Mar. 0.170 0.070 6.5 30.1
Apr. 0.292 0.060 11.1 25.8
May 0.233 0.050 8.9 21.5
Jun. 0.040 0.040 1.5 17.2
Jul. - - - -
Aug. 0.263 0.064 10.0 27.5
Sept. 0.063 0.024 2.4 10.3
Oct. 0.103 0.060 3.9 25.8
Nov. 0.037 0.046 1.4 19.8
Dec. 0.075 0.021 2.9 . 9.0
Jan. - - - -
Feb. 0.101 0.006 3.8 2.6
Mar. - - bl -
Apr. 0.087 0.004 3.3 .
May 0.167 0.004 6.3 .
Jun. - - - -
Jul. 0.131 0.016 5.0 .9
Aug. 0.128 0.004 4.9 .7
Sept. 0.157 0.022 6.0

Oct. 0.093 0.010 3.5 .
Nov. 0.490 0.003 18.6 .

ArSING Total Soluble Inorganic Nitrogen
(NH3—N + N03-N + N02-N)
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TABLE 9. THEORETICAL YIELDS OF ALGAE BASED ON NITROGEN AND

PHOSPHORUS CONCENTRATIONS AT P-30

. TSIN® . PO,-P TSIN Yield  PO,~P Yield
MONTH- .. (mg/1) - (mg/1) (mg/1) (mg/1)
Nov. 0.250 .  0.070 | 9.5 30.1
Dec. . 0.1%0. . 'Q.Jlo S 7.2 4.3
Jan. 0.150 0.008 5.7 3.4
Feb. 0.175 0.030 6.7 12.9
Mar. 0.170 = 0.080 6.5 34.4
Apr. 0.320  0.080 12.2 34.4
May 0.425 0.075 16.2 32.3
Jun. 1.000 0.070 38.0 30.1
Jul. - {' - -
Aug. 0.368 0.085 ’ 14.0 36.6
Sept. 0.662 0.250 25.2 107.5
Oct. 0.576  0.060 21.9 5.8
Nov. - - - ‘ -
Dec. 0.161 0.915 | 6.1 | 6.4
Jan. - % - -
Feb. 0.084 1 0.008 3.2 3.4
Mar. - ’ - - -
Apr. 0.472 0.005 17.9 2.2
May 0.251 0.005 9.5 2.2
Jun. - 4 - -
Jul. 0.103 o.éos 3.9 . 2.2
Aug. 0.257  0.010 9.8 4.3
Sept. © 0.279 - 0.070 10.6 | 30.1
oct. 0.146 o.é;s : 5.5 | 6.5
Nov. 0.173 0.030 6.6 12.9

8pSIN: Total Soluble Inorganic Nitrogen

(NH3-N-+NO3-N-+NO?—N)
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TABLE 10. THEORETICAL YIELDS OF ALGAE BASED ON AVERAGE YEARLY
CONCENTRATIONS OF NITROGEN AND PHOSPHORUS AT P-10

AND P-30
a . . .
STTE TSIN®  PO,~P . TSIN Yield  PO,-P Yield
Year (mg/1) (ma/1) (mg/1) _ (mg/1)
P-10 . h |
74 0.130 0.045 4.9 19.4
75 0.146 0.008 5.5 o . 3.4
P-20 , |
74 0.213 0.058 8.1 24.9
75 0.142 0.110 5.4 47.3
P-25
74 - 0.296 0.159 11.2 68.4
75 0.157 0.005 6.0 : 2.2
P-30
74 0.368  0.072 14.0 ” 40.0
75 0.250 0.017 9.5 7.3
P-30 - P-10 ,
74 0.238 0.027 9.0 ©1l.6

75 0.104 0.009 4.0 , 3.9

4psIN: Total Soluble Inorganic Nitrogen

(NH3-N + NO3—N + NOZ—N)
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Figure 16. Growth of Selenastrum in storm-
water runoff from Hunting Bayou
(March 20, 1974).
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Data from a second storm event at Hunting Bayou (April 11-
12, 1975) were similar to those described above. With the ex-
ception of the 4:30 p.m. sample, there was a definite stimulation
of algal growth with additions of nitrogen or both nitrogen and
phosphorus to the water samples, and slight or no stimulation
with only phosphorus spikes (Figures 17 and 18). The marked re-
duction in algal growth, even with combined nitrogen and phos-
phorus, in this sample could again have been due to the presence
of some toxic agent or the absence of some essential trace ele-
ment. Additional data obtained from bioassys of stormwater from
Westbury Square (Figure 19) also indicated that nitrogen was the
limiting nutrient for algal growth in stormwater runoff.

In urban areas the first rains and runoff usually contain
significant quantities of dissolved solids, including trouble-
some amounts of nitrogen and phosphorus. Thus, it might be
advantageous to collect the first stormwater runoff and treat it
with the sewage. After the first flush, stormwater could then
be directed through recreational lakes to achieve mixing and
washout of accumulated bottom sediments. In The Woodlands, this
procedure could be most useful in mitigating the effects of sur-
face runoff from the golf course and lawns on algal growth in
receiving waters.

LAKE B--WATER QUALITY

Investigations of the Lake Harrison system were confined
primarily to the smaller, upstream lake (Lake B). Suspended
solids and turbidity in Lake B were high throughout most of the
study period due to large concentrations of particulate materials
transported to the lake by surface drainage from construction
sites (Table 11). Water piped into Lake B from Panther Branch
also contained high concentrations of suspended solids. Conse-
quently, light penetration into the water column was greatly
reduced and the euphotic zone was restriced to the upper few
centimeters of the lake.

The pH of Lake B was usually alkaline, but fluctuations into
the acidic range were observed (Table 11). Stabilization of pH
at 8.3 (September to November, 1975) was due primarily to inflow
of alkaline, treated sewage effluent into the lake. The overall
alkaline pH probably reflects impact of watershed alteration and
manipulation of influent water on lake water quality, since
small, undisturbed lakes in The Woodlands vicinity generally
have acid or near neutral pH values.

Concentrations of nitrogen and phosphorus varied consider-
ably in Lake B (Table 11). In early phases of development
(November, 1973 to May, 1974), waterfall construction was in
progress and the lake experienced extreme fluctuations in water
volume. During this period, surface runoff was the only source
of water and nutrients for the lake. On completion of the spill-
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Figure 19. Growth of Selenastrum in stormwater
runoff from Westbury Square
(May 8, ;1975) .
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|
way, the lake basin filled rapidly and extreme fluctuations in
water level ceased. Increased concentrations of nitrogen
(August, 1974 and September, i1975) resulted from surface drainage
from heavily fertilized lawns and inflow of water from Panther
Branch, which received irrigation drainage from the golf course.
Phosphorus concentrations were also higher during periods of high
nitrogen concentrations. !

Stormwater runoff was a [significant source of dissolved and
particulate solids for Lake B (Table 12). Concentrations of sus-
pended solids remained in the lake system. Turbidity increased
with surface runoff due to the influx of solids into the lake.
Average concentrations of NH§—N, NO3-N, and especially POy4-P were

also higher in stormwater ruﬁoff than in low-flow water.

' -
TABLE 12. COMPARISON OF AVERAGE AND MAXIMUM WATER
QUALITY PARAMETERS FOR LOW FLOW AND
STORMWATER RUNOFF IN LAKE B

v Low Flow Stormwater Runoff
Parameter Avg.: Max. Avg. Max.
|
Suspended : . _ .
Solids (mg/1l) 603 ! 1278 1273 2660
|
Turbidity (JTU) 298 690 375 900
NH,-N (mg/1) 0.09 0.21 0.11 0.15
NO3—N (mg/1) 0.12 0.39 0.15 2.1
NOZ—N (mg/1) 0.03 l 0.21 0.01 0.05
P04-P (mg/1) 0.06 } 0.22 0.11 0.36

LAKE B--ALGAL POPULATIONS
From December, 1973 to Méy, 1976, forty-nine species of
algae were identified from Lake B of the Conference Center Lakes.

During the study period, dominance of the species composition
changed from euglenoids to green algae (Table 13). The largest
change in species composition occurred in the Chlorophyta and
induced subsequent changes in ratios of other species to total
species composition (Figure ZP).
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1974 - 23 SPECIES

/4?C/?C?i/;f?f?§/$€?§4;<?f?f/?fkﬁ/§<?C/§/EUGLENOPHYTA
7727277777277 Jwvsernes
/////CYANOPHYTA Do
//////////CHLOROPHYTAAf R |
. 1975 - 42 SPECIES
////////////7/// EUGLENOPHYTA
///////// ///// tHRYSOPHYTA : |
///////// CYANOF{H‘/TA | " o
//////////}{ﬁ////////CHLOROPHYTA

| . 1976 - 48 SPECIES
///////////// EUGLENOPHYTA
/////////// C)—iRYSOPHYTA«
/;4;5/;4;;/;/CYANOPHYTA_ o
/§<?C/?C?§/?f>f/?f?i/}C?C/?CV§4?C/?<?/V CHLOROPHYTA

TOTAL |974 1976 - 50 SPECIES

7/////////// JevecenorrTa
,/if?f/ﬂf?f/§<?/: QHBYSOPHYTA

/ /////// CYANOPH;(TA 1
//;<>C/§<>C/;C>§<>C/§<>C/Q<>§4>£>§<>C/choRoiﬁyrA

COMPOSITION OF SPECIES (%)

Flgure 20 Percent spec1es composition, by division,
for Lake B over a three-year period.
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Algal standing crops in Lake B (Flgure 21)- fluctuated
dramatlcally over a two—year period.- The Cyanophyta ‘reached
maximum peaks during the summer, ‘while’ max1mum standlng crops
of Chrysophyta occurred in winter months. . The green algae
obtained maximum cell numbers in September, but . euglen01ds
dominated the algal standing crop during this month. Algal
numbers in Lake B increased during the' Second year.of study due
primarily to larger standing crops of blue—green algae. Subse-
quent studies indicated no significant increases.in phytoplankton
from November, 1975 to May, 1976. However, a dgnse phytoplankton
community composed of Oedogonium and Splrogzra developed in the

-littoral zone of this lake.

Since algal species differ in size, cell numbers. -do not
always reflect actual biomass. Thérefore, total cell numbers.
were converted to dry weight-and cell. volume estimates by use
of tables available in the llterature (24,26,28) and calculations
performed in our laboratory. Figure 22 presents, estimates of
algal biomass by division on the basis of percent of total dry
weight. Euglenoids dominated algal blomass, except in February
of 1975 when diatoms were dominant. Chrysophycean algae were )
major codominants durlng winter months, while ‘cyanophycean algae
were major codominants in summer months. Chlorophycean algae
were minor contributors to algal sollds 1n the lake.

Algal populatlons in Lake B were relatlvely low when com-
pared to other aquatic ecosystems. ~ For example, cell numbers
exceeding 104 cells/ml have been reported for Lake Michigan (29)
and in highly nutrified water in southeastern Texas (30). JAlgal
cell numbers and biomass in Lake B were well below: the 106 cells/
1 (31) or 8 mg/l (32) values reported &s being sufficient to
classify algal growth as. a water bloom.~ Algal cell volume in
Lake B was also well below the bloom proportlon reported by
Kramer et al. (31). Average total algal biomass 'ih Lake B was
38.88 ug/1l, while average suspended solids was 603 mg/l (Table
14) . Thus, alga€ were a minor part of the particulate material
in Lake B, and suspended solids were definitely not of algal
origin. ' O *

According to Vollenweider (33), algae are composed of 40—~
60% carbon by weight. On the basis’ of a- -50% carbon content,
total dry weight values per month’ were- ‘converted to carbon

estimates (Table 14). These conversions 1nd1cated that algae
contributed little to organic loads of Lake ‘B, since the average
concentration of total organlc carbon was 16. 85 mg/l ‘The

average rate of change in algal carbon, . ‘based on- galns and
losses in algal biomass at 30- day 1ntérvals,.was 0.14 mg C/m2/
day. Even though this figure is not:a dally rate of carbon
production, it can be used to make general comparisons between
algal carbon in Lake B and other aquatic.-.ecosystems. For
example, Rodhe (34) reported algal productlon values of 7-25 g
C/m /yr for oligotrophic lakes, 75 250 g C/m./yr for naturally
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TABLE 14. COMPARISON OF ALGAL BIOMASS AND CARBON CONTENT
CONTRIBUTED BY ! EACH ALGAL DIVISION

Algal Weight Range ., Average Weight Average Carbon
Division (ng/1) j (ug/1) Content (ug/1)
Chlorophyta 0.24 - 2.16. 0.74 0.37
Cyanophyta 0.52 -  6.50 2.80 " 1.40
Chrysophyta 0.42 - 18.48" 4.62 2.31
Euglenophyta 6.5 - 377.001 30,63 15.32
Total l1.6 - 380.10. . 19.44

38.88

eutrophic lakes, and 350—700§;C/m2/yr for culturally eutrophic
lakes. Even though these data are subject to interpretation,
they provide a general picture of primary productivity in lakes
with wvarious trophic cla531f1catlons. More spgcifically, Wetzel
(24) reported annual product1v1ty values (g C/m“/yr) of 36 for
Castle Lake, California (ollgotrophlc), 160 for Clear Lake,
California (mesotrophic), and 369 for Lake Wintergreen, Michigan
(eutrophic). Lake B probably had productivity rates resembling
those of oligotrophic waters. Even considering loss of algal
cells by grazing or sedimentétion,‘it is unlikely that Lake B
had productivity rates approaching those of mesotrophic or
eutrophic lakes. :

Multiple regress1on 1ndlcated that the measured phys1co—
chemical parameters in Table 15 influenced algal numbers in Lake
B. The relatively low regression values indicate that measured
physicochemical parameters were not responsible for total changes
in algal numbers in this laké. Other factors or interactions of
various factors may have exerted more impact on changes. The
composition and standing crops of algae were probably signifi-
cantly influenced by the recirculation of water in the lake and
by the use of Panther Branchiwater to maintain the constant
volume lake. [

|

CONFERENCE CENTER LAKES——NUTﬁIENT LIMITATIONS

Nutrient limitation studies with low-flow water collected
from Lake B revealed that algal growth was not stimulated by
addition of nitrogen to the water (Figures 23 and 24). However,
phosphorus spikes did stimulate algal growth, thus indicating
that phosphorus was the limiting nutrient for algal growth in
Lake B and Lake A (Figure 24). The relatively high levels of
growth with combined spikes also indicated that algal numbers
could be increased substantially by additions of both nitrogen
and phosphorus to the water ?nd that other nutrients were not
|
. 50
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particularly limiting for al%al growth. However, bioassays with
stormwater runoff collected from Lakes A and B (Figure 25) in-
dicated that nitrogen was more limiting than phosphorus for
algal growth. ;

The data of Miller et al. (27), previously discussed, were
used to calculate theoretical algal yields from measured concen-
trations of TSIN and POy-P in Lake B (Table 16). These data in-
dicate that theoretical yields were substantially higher than
observed algal biomass proviaed that some factor, other than
nitrogen or phosphorus, was not limiting for algal growth.
Ratios of nitrogen and phosphorus may be used to estimate which
of these nutrients is potentially limiting for production of
algal biomass. Miller et all. (27) and Chiaudani and Vighi (35)
reported optimum N:P ratios of 11.3 and 10, respectively, for
growth of Selenastrum capricornutum. A ratio of 15:1 was re-
ported as optimum for algal growth by Fitzgerald (36), while
Vollenweider (33) reported a;range of 10-15 as optimum. On the
basis of a 10:1 ratio, phosphorus is a potential 11m1t1ng nutri-
ent for algal growth durlng some months, while nitrogen is
potentlally limiting in other months (Table 16). However, algal
biomass in Lake B never exceeded theoretical yields; thus, these
nutrients were probably not the primary limiting factor in the
lake.

Bioassays indicated that low-flow water from Lake B could
support a biomass of S. capricornutum which exceeded recorded
algal biomass. A filtered and autoclaved sample produced 27 mg/l
dry weight of S. capricornutum, while a portion of the same
sample autoclaved before filtration suppored a yield of 50 mg/l.
Autoclaving of lake water seemed to solubilize nutrients which
could be utilized for growth' by the test alga. Bioassays with
unautoclaved, filter sterlllzed wdter probably provided low
estimates of growth supportlng capabilities of Lake B water.
Yields of S. capricornutum were also increased by removal of
turbldnty (suspended solids)!from Lake B water by use of various
size filters. A 97% reduction in turbidity resulted in a 94%
increase in algal yield, while a 56% turbidity reduction
increased algal yield by 84%. Nutrient spikes also indicated
that phosphorus additions stimulated algal growth in the majority
of Lake B water samples. However, nitrogen was, on occasion, the
liniting nutrient for algal growth in low-flow water and was
always the limiting nutrientin surface runoff collected during
storm events. Correlations between theoretical yields, observed
biomassg, cell volume, and bloassay yields are not possible since
water samples for chemical analyses and algal bioassays were not
collected simultaneously. The stimulation of algal growth by
nitrogen and phosphorus splkes does indicate that other nutri-
ents were present in quantities sufficient to support added
growth of the test alga. Thus, nitrogen and phosphorus were
primary llmltlng nutrients, but were not necessarily the limiting
growth factors in Lake B. |
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|
TABLE 1l6. THEORETICAL YIELbS* OF ALGAE AND N:P RATIOS BASED ON
NITROGEN AND PHOSPHORUS CONCENTRATIONS OF LAKE B

+ PO . —p | TSIN P?4'P giggided

TSIN 4 | Yield Yield Weight
Month (mg/1) (mg/1) F:P (mg/1) (mg/1) (ng/1)
Dec. 0.18 0.08  2.8:1 6.8 34.4 0.022
Jan. 0.33 0.01 33k1 12.5 4.3 0.015
Feb. 0.22 0.05 4.%:1 8.4 21.5 0.012
Mar. 0.17 0.07 2.4:1 6.5 30.1 0.013
Jun. 0.21 0.05 4.%:1 8.0 21.5 0.016
Jul. 0.22 0.01 22}1 8.4 4.3 0.015
Aug. 0.18 0.10 1.%:1 6.8 43.0 0.036
Sept. 0.35 0.06 5.%:1 13.3 25.8 0.380
Oct. 0.14 0.05 2.%:1 5.3 21.5 0.014
Jan. 0.20 0.01 20}1 7.6 4.3 0.044
Feb. 0.10 0.01 10&1 3.8 4.3 0.031
Jul. 0.06 0.09 1:1.5 2.3 38.7 0.017
Aug. 0.11 0.03 3.7:1 4.2 12.9 0.028
Sept. 0.74 0.05 14%8:1 28.1 21.5 0.033
Oct. 0.34 0.04 8.5:1 12.9 17.2 0.052

*
Theoretical yields based onﬂconversion factors of Miller

et al. (27)

*pSIN: total soluble inorganic nitrogen
(NH3~N + NO3—N + Noz—y)

|
|
|
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Lake B parameters were compared to those of lakes with
various trophic levels (24). Total organic carbon and phos-
phorus concentrations in Lake B resemble those of eutrophic
lakes, while total nitrogen falls within the range of oligo-
mesotrophic lakes. However, phytoplankton biomass and algal
carbon indicated that Lake B was ultra-oligotrophic. Nutrient
supplies seemed sufficient to support algal standing crops and
biomass in excess of those actually observed in Lake B.

The high initial turbidity of Lake B probably limited algal
diversity to those species physiologically or morphologically
adapted for existence at low-light intensities. Reductions in
turbidity seemed to allow a more diverse assemblage of algae,
composed primarily of chlorophycean species, to develop in the
lake. However, even with reduced turbidity, algal biomass was
dominated by euglenoids and chrysophytes or blue-green algae.
Growth of green algae may have been limited by the high pH, high
turbidity, or a combination of these two factors. The relatively
low algal biomass indicates that some factor, possibly turbidity,
was limiting algal growth. However, dense floating mats of
Spirogyra sp. and Oedogonium sp. developed in the littoral zones
of Lake B. Reduced turbidity would probably be accompanied by
comparatively higher yields of algae in Lake B, and, at this
time, algal growth would probably be limited by nitrogen and
phosphorus concentrations in the lake. Future reductions in lake
turbidity might necessitate some management strategy, such as
regulations of detention time or use of well water to dilute
nutrients entering the lake via treated sewage effluent or
Panther Branch water.

Since nitrate-nitrogen and orthophosphate-phosphorus contri-
bute heavily to algal blooms, it may be desirable to 1limit or
prohibit homeowner and golf course use of nitratesnitrogen and to
substitute ammonia or urea fertilizers for use in increasing lawn
fertility. Another source of both nitrogen and phosphorus could
be eliminated by reducing the amount of lawn clippings and tree
litter which could be transported to the lakes by urban runoff.

In urban areas, the first rains and runoff usually contain
significant quantities of dissolved solids, including trouble-
some amounts of nitrogen and phosphorus. Thus, it might be
advantageous from the standpoint of eutrophication to collect
the first stormwater runoff and treat it with the sewage. After
the first flush, stormwater could then be directed through the
lakes to achieve mixing and washout of accumulated bottom sedi-
ments.

During periods of low rainfall, when phosphorus would be
expected to accumulate in lakes and concentrations of phosphorus
approach those known to cause blooms under laboratory conditions,
it might become desirable to use phosphorus precipitating chemi-
cals to lower the phosphorus level below the critical value.
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Soil renovation of wastewater is also practical under some
circumstances. It may be that the recreational lakes should be
designed so that groundwateriserves as the primary source of
recharge. Stormwater and sewage effluent could be percolated
through and renovated by a spreadlng basin before going to the
lakes as groundwater. !

The above possible strategies represent only a few that
could be utilized in maintaining a desired water guality in The
Woodlands lakes. These strategies may be neither necessary nor
financially justifiable unless there is high expectation that
one or more will help control eutrophication. The design of a
lake management program which will maintain the aesthetic and
recreational values of the lakes can only be achieved through a
detailed study of the blologlcal and chemical components of that
habitat. ,

EDAPHIC ALGAE {

As members of the terrestrial microbiota, algae may function
in the formation and stabilization of soils (37,38). Some blue-
green algae, notably species of Nostoc and Anabaena, contribute
to soil fertility through nitrogen fixation (39,40,41), and meta-
bolites excreted by algae may be utilized by other microorganisms
(38,42) . Even though edaphic algae occupy such important posi-
tions in the ecology of terrestrial habitats, they have received
relatively little attention from phycologists. Relationships
between edaphic algae;, soil pH soil type, and macrovegetatlon
have been determined for various surface soils in the United
States (43,44,45,46,47,48,49). Few publications (41,50,51,52)
deal with standlng crops of edaphlc algae, and there is a paucity
of information on the distribution of algae with depth in soils
of the United States (52,53,54,55). Previous work on the rela-
tionships between the. distribution of soil algae and the chemis-
try of soils is unknown to the authors.

Thus, an investigation was conducted to determine the ef-
fects of various types of land usage on distribution of edaphic
algae. Qualitative and quantitative determinations of soil algal
populations, as related to soil chemistry and soil depth, were
made for several disturbed and undisturbed soils. The ability of
water leachates from: various|soils to support algal growth was
also evaluated. :

Fifty-one sites were selected for collection of surface soil
samples (Figure 26). Twenty-five sites were located in disturbed
and 26 in undisturbed portions of the study area. Since some of
the sites were situated in and around the Conference Center
Lakes, a more detailed map of their distribution is presented in
Figure 27. Samples were taken from the lake basins before
inundation. A description of each site is presented in Table 17.

|
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7,72

6-,62,6-3, 6-4

Figure 26. Location of soil collection sites.
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Figure 27. Location of soil collection sites
in Conference Center Lakes area.
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TABLE 17. DESCRIPTION OF SOIL COLLECTION SITES
Site No. Description Disturbed Fertilized pH
Sl Woods - | - 6.9
s2 Lake Basin + - 6.7
S3 Lake Basin + - 6.7
sS4 Lake Basin + - 6.9
S5 Woads - - 6.3
S6 Woods - - 6.2
s§7 Woods - - 6.0
s8 Wboas - - 5.8
S9 Lake Basin + - 6.7
Slo0 Woods - - 5.9
S1l1 Woods - - 5.6
S12 Lake Basin + | - | 7.1
s13 Woods - - 5.9
sl4 Lake Basin + - 6.8
s15 Woods - - 6.2
516 Lake Basin + - | 7.4
§17 Woods - - 5.3
sl1s Woods - - 6.4
Al Woods - - 6.2
A2 Lake Shoreline + - 6.6
A3 Wocds - - 6.0
(continued)
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TABLE 17 (continued)

jDistu:bed

Site No. Description Fertilized pH.
A4 Roadside~n_ | + + 6.7

as Swale + + 7.7

P-9 Woods' - —‘ 6.0
P-10 Weods - - 5.9 .
1-1,1-2, 7.2,7.0%,
1-3,1-4 Golf Course + + | 7‘1'614
2-1,2-2, 6.0,5.3,
2-=3,2-4 Woods - - 5.7,6.2
3-1,3-2 Lawn : + + 8.1,7.7
4-1,4-2, 6.8,6.9,
4-3,4-4 Woods ' - - . 6.9,6.8
5-~1,5-2, : 6.4,6.7,
5-3,5-4 Roadside + o+ 6.5,7.8
6~1,6-2 : 8.8,8.5
6-3,6-4 Swale + + 8.7,7.2
7-1,7-2 Roadside + + 8.5,8.5
8~1,8-2 Woods - - 7.0,7.0
AS Wbods‘ - - 5.7.

BS Wb;ds ; - - 6.3

Cs Woods ﬁ - - 6.1

- indicates no

+ indicates yes

* !
pH values respective to Site No.

|
|
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Representatives of 52 genera of algae were identified from
153 surface samples of soils collected from the 51 sites in the

-study area (Table 18). The majority of genéra, in both disturbed

and undisturbed soils, were members of the Chlorophyta, while
only three genera belonged to the Euglenophyta. ‘Chlamydomonas,
Chlorococcum, Oscillatoria, and Phormidium were ubiquitous, while
several algae (Anabaena, Gloeotrichia, Pyrobotrys, and Scytonema)
were found only in disturbed soils which had received applica-
tions of commercial fertilizer. Thirteen genera of algae (10
greens, 1 diatom, 2 euglenoids) were present only in undisturbed
soils. There was no uniformity in the distribution of algae,
even in soils which had been collected from similar sites.
Actually, there is little reason to believe that exact uniformity
of algal populations would occur in a particular soil. Thus, the
possible combinations of edaphic algal communities which may de-

ﬁvvelop in a particular area seem to be astronomical. All algal

cells which reach a particular soil do not survive, due to their
inabilities to adapt to changing physicochemical conditions or to
form resistant cells., Archibald (43), on the basis of surveys of
edaphic algae in closely spaced samples collected along tran-—
sections, stated that there is no predictability in the distribu-
tion of soil microalgae. On the other hand, Arvik (50) reported
that it is probable that an association may be found between
edaphic algae and a given soil type. Exact correlations between
edaphic algae and specific soil parameters will probably become

TABLE 18. SUMMARY OF EDAPHIC ALGAL DISTRIBUTIQN
IN THE WOODLANDS ‘ SO

. Disturbed-fertilized

Disturbed- Golf °~ .  Road-

Division Woods unfertilized Course - Swale side - Lawn
Chlorophyta 27 15 7 '3 5 4
Cyanophyta 5 5 4 75 4
Chrysophyta 11 7 4 4 4 3
Euglenophyta 3 1 10 1 1 -
Total genera/ . S

site 46 28 16 _ 15 15 11

Total genera identified--52
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evident only when the microalgae are identified to the species
level. Unfortunately, spec1f1c identifications of algae are
ofteN laborious and time- consumlng, thus, they are not feasible
when large numbers of soils are being analyzed Even so,
identifications of edaphic algae to the generic level provide
information for determining overall effects of land usage on
algal populations. |

Undisturbed soils in the study area had a greater diversity
of algae, particularly green!algae, than the disturbed soils.
Disturbance of soils favored, the development of a more diverse
blue-green algal flora, probably due to increases in soil pH
which accompanied soil disturbance. As shown in Table 18, soil
disturbance affects the ratlo of green to blue~green algae, with
the number of genera of blue—green algae exceeding the number of
green algae in the soils which had the highest pH values. With
decreasing pH, there was a tendency toward a dominance of green
algae. Floristic surveys in other regions of the United States
(17,48,56) have also shown that alkaline soils favor the develop~
ment of a more luxuriant blue -green algal flora than do acid

soils. |
}

The largest standing crops of edaphic algae were found in
soils collected from the golf course (Table 19). Green algae .
were more numerous in soils with a pH of 7.3 or less, while
members of the Chrysophyta outnumbered blue-green algae regard-
less of soil pH. Jurgensen and Davey (41) have stated that an
inverse relationship exists between soil pH and algal numbers.
This relationship seems to apply to disturbed soils in the study
area, with the exception of soils from the roadside. Roadside
collection sites were located on steep inclines, and washout of
algae by surface runoff may have been responsible for reduced
standing crops at these 51tes. However, undisturbed soils had
the lowest pH and the smallest standing crop of algae. Thus, the
above relationship, if it is|valid, mlght apply only to soils
collected from similar sites: where pH is the major variable.

Standing crops of algae decreased with soil depth in the
study area (Table 20). This inverse relationship between algal
numbers and soil depth has also been noted for other soils in
the United States (53,54), and surveys of vertical cores of soil
(52,55) indicate that algae are not usually encountered below
soil depths of 15 cm. This was the case for two sites in the
study area, but at one site IChlamydomonas was found at depths of
30 cm. Soils from the latter site were water-logged for extended
periods, thus providing ample moisture which perhaps facilitated
active movement of algae to greater depths. Some algae may
actively migrate when soil moisture is abundant, particularly if
they are facultative heterotrophs. However, light availability
limits most algae to surface soils, and their presence in lower
strata is probably due to resistant cells which are moved by
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TABLE 19.  ALGAL NUMBERS (CELLS/G) IN VARIOUS
SOILS IN THE WOODLANDS

Collection o :
Site Chlorophyta Cyanophyta Chrysophyta Total
Golf course 39,629% 1,446 13,084 54,159
Lawn 17,400 7,195 12,790 37,385
Swalé 8,298 4,533 . 22,238 35,069
Roadside 6,628 1,788 6,264 14,680
Woods 3,853 586 1,297 5,736

*
figures represent average values

TABLE 20. ALGAL NUMBERS (CELLS/G) AT VARIOUS DEPTH INTERVALS
IN CORE SAMPLES FROM THE WOODLANDS

Collection Site™

Soil Depth (cm) L AS BS - Cs

0- 5 1,200t . . 4,000 1,900
5 - 10 1,600 . . 1,500 " 400
10 - 15 100 - 2,300 . 100
15 - 20 0 o 500 | 0
20 - 25 0 100 | 0
25 - 30 0 100 0
30-35 0 0 0

35 - 40 0 ' : 0 -0

*
refer to Figure 26

+ . .
average of triplicate samples
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percolation of water. Bold (personal communication) has found
algae at depths of 244 cm in SOllS near Austin, Texas.

Leachates from golf course soils had the highest concentra-
tions of nitrogen and phosphorus (Table 21), due to regular

additions of commercial fertilizer (Scott's Proturf). The lawn
and roadside collection sites were also fertilized, but:not as
heavily as the golf course. ertilizers reached the swale soils

only by way of surface runoff from fertilized areas, and decom-
position of plant litter was probably the major source of nitro-
gen and phosphorus for the swales. Likewise, decomposition of
plant debris was the primary source of nitrogen and phosphorus
for soils in the undisturbed areas of the study area. In fact;
the wooded areas had a thick ground cover of plant debris, and
in many locations thick layers of humus were present. However,
it seems that standing crops and diversity of edaphic algae are
not dependent solely upon concentrations of nitrogen and phos-
phorus in the soils. Disturbance of soil and changes : in pH, as-
previously discussed, are probably primary factors which' influ-
ence algal distribution. For example, the undisturbed soils had
a more diverse algal population but a smaller standing crop .of '
algae than the disturbed soils, even though concentrations of
nitrogen and phosphorus were higher than in most disturbed soils.
Admittedly, soil leachates do not measure total nitrogen and
phosphorus in the soils, but iather quantities of nitrogen and .
phosphorus which are readily Feleased from soils.

TABLE 21. CHEMICAL EANALYSES OF LEACHATES FROM
VARIQUS SOILS IN THE WOODLANDS

Collection OQ_N NO,-N 0-PO, T-P
Site PH (mng/1) (mg/1) (mg/1) (mg/1)
Golf course 6.7" 284 0.260 3.42 5.41
Lawn 6.9 oies 0.008 0.30 0.53
Swale 7.8 0.46 0.015 0.87 1.00
Roadside 7.3 1.26 0.016 0.33 0.53
Woods 6.1 1.15 0.300 0.99 2.11

*
average values
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In order to assess the role of undisturbed soils in provid-
ing nutrients for algal growth, bioassays were conducted with
leachates from three undisturbed siteg...»Nitrogen and phosphorus
concentrations of leachates are presented in Table 22 and the
results of the bioassays are shown in Figure 28. The leachates
exhibited varying abilities to support growth of the test alga.
Growth was enhanced significantly by additions of phosphorus to
leachates from all sites, while addition of nitrogen did not
significantly influence the yield of the test alga. Thus, if
undisturbed areas are inundated, phosphorus could possibly be
the nutrient most limiting for algal growth. Bioassays with
water from the man-made lakes in the study area indicate that
phosphorus is the nutrient most limiting for algal growth. How-
ever, during periods of rainfall, significant quantities of
nutrients are washed into the lakes from surrounding lawns and
golf course greens. Bioassays with water collected from the
lakes during periods of surface runoff indicate that nitrogen is
the limiting nutrient. )

TABLE 22. CHEMICAL ANALYSES OF LEACHATES FROM SURFACE SOILS
UTILIZED IN ALGAL BIOASSAYS

Collection , NO5-N NO,-N ‘ O-FPO,
Site* pH (mg/1) (mg/1) (mg/1)

AS 6.4 3.90 . 0.50 0.22

BS 6.9 1.54 0.96 0.30

CSs 6.6 . 2.88 0.56 0.40

*
refer to Figure 26

Since terrestrial and aquatic écosystems are connected
hydrologically, they cannot be considered as totally separate

units. Surface drainage serves as a major component in this
hydrologic linkage and is thus an important ecological para-
meter. Land usage in a watershed will determine the quality, as

well as the quantity, of surface runoff; thus, influencing

aquatic habitats in the watershed. In addition to providing

potential nutrients for algal growth, surface drainage probably
transports algal cells to aquatic habitats from surrounding

soils. Since land use affects edaphic algal populations, it

must also influence the diversity of algae which could be trans-

ported by surface runoff. For example, a more diverse assemblage

of blue-green algae could potentially enter lakes in the study , l

argi by surface drainage from disturbed rather than undisturbed
soils.
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AQUATIC VASCULAR PLANTS -

The aquatic vascular plants of The Woodlands were not ex-
tensively investigated due to their limited distribution in the
watershed. Only 15 species of aquatic macrophytes were identi-
fied and these were found in only four of the established col~-
lection sites. Of these species, only three were found in the
Conference Center Lakes.

During the first year of study, the Conference Center Lakes
did not develop a population of aquatic vascular plants, but
during the second year, Juncus repens and Sagittaria graminea
invaded the southwestern side of Lake B. However, in the third
year of study, the major portion of the littoral zone of Lake B
and portions of Lake A (Figure 29) developed rather extensive
stands of Typha latifola, in addition to the two species
mentioned above. Thus, in a three-year period, the aquatic
vascular plants have invaded and spread through the littoral
zone of these lakes. Unless some management strategy is insti-
tuted, there is a strong probability that these plants will
totally encompass the lakes and gradually develop to nuisance
levels. : '
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APPENDIX

METHODS: AND PROCEDURES

ROUTINE PROCEDURES

Standard research techniques were utilized in most phases of
this investigation. However/, detailed descriptions for routine
laboratory procedures, such as cleaning and sterilization of
material, filtering procedures, and organism transfer techniques,
will not be discussed due to| universality of their use.

LIST OF BIOLOGICAL METHODS AND MEDIA

Method ! Reference
t

Quantitative Algal Samples f 1
Sample Concentration | 1
Algal Enumeration 1
Sample Preservation | 1
Algal Identifications | 1-12
Aquatic Macrophyte Identification 15, 16
Bold's Basal Medium : o 18
Edaphic Algal Isolation : 17
Knop's Medium ‘ 17
Aspiration Procedure : ' 19
Bioassay Procedure : 13
Growth Measurements ; 13, 14
Standard Test Medium ; . 13
Standard Test Algae 13
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ALGAL PROCEDURES

Water samples for algal studies were collected from 15
sites in The Woodlands area. The samples were collected in ac-
cordance with procedures in Standard Methods (1) and were
processed immediately upon return to the laboratory. Water
samples for algal enumeration were collected in pre-cleaned, 3.7
liter glass bottles. Algal samples were concentrated in a
Sedgwick-Rafter column (1) and algal enumeration was facilitated
by use of a Whipple disc and Sedgwick-Rafter counting cell (1).
When possible, at least one liter of water was concentrated to a
final volume of 5 ml. Concentrated samples were preserved with
Lugol's iodine (1) and each individual alga was counted as one
unit. : S Lo

Samples for phytoplankton identification were collected by
making several horizontal hauls at each station with a plankton
net (#25 mesh). Preservatives were not added to these samples.
Algal species were identified by microscopic examinations of wet
mounts of material and each sample was examined until no addi-
tional algae were observed. A variety of taxonomic references
(1-12) were consulted for species identification.

ALGAL BIOASSAYS

Water samples for use in bioassays were also collected in
pre-cleaned, 3.7 liter glass bottles. Bioassays were conducted
according to the procedures in the EPA "Algal Assay Procedure
Bottle Test" (13). Cotton plugged, 125 ml Erlenmeyer flasks were
used as culture containers and all experiments were run under
standard culture conditions. In all cases, 40 ml of treated
water sample were used and every effort was expended to maintain
sterile conditions in test preparation. Optical densities
(650 nm) and/or dry weight determinations (14) were made at
appropriate intervals during the incubation period. '

The storm event samples were filtered through 0.45 p filters
and were spiked with various concentrations of nitrate-nitrogen
(NaNO3) and orthophosphate-phosphorus (K,HPOy,) .  Sample pH was
adjusted to 7 and the flasks were inoculated with Selenastrum
capricornutum. Samples were incubated and growth measurements
were made at appropriate time intervals. Additional samples
from a Hunting Bayou storm event were similarly prepared and
inoculated with Anabaena flos-aguae.

The majority of the stream low-flow samples were treated as
described above. However, on one occasion, aliquots of a sample
were autoclaved and inoculated with S. capricornutum. Other
aliquots of the same sample were filtered through glass, 1.2 y
and 0.45 p filters. The glass and 1.2 y filtered samples were
autoclaved before inoculation, while the 0.45 u filtered aliquots
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were inoculated directly. The PH of some of the 0.45 u filtered
samples was adjusted before 1noculatlon.

The standard EPA test medlum (13) was used to maintain the
inocula for these bioassays.| Variations of this medium were
also used as a test medium in conjunctionwith the collected
water samples. :

AQUATIC VASCULAR PLANTS f
I

Aquatic vascular plants|were collected by hand from the
Conference Center Lakes and wet weather ponds in The Woodlands
area. Collections were transported to the laboratory for sorting
and identification. Species!identifications were made by use of
standard taxonomic references (15,16).

EDAPHIC ALGAL POPULATIONS E

Fifty-one sites were selected for collection of surface soil
samples. The samples were taken from the lake basins before
inundation, and triplicate samples were collected at each site.
Soil samples were collected by use of a small garden trowel and
were placed in sterile plastic bags for transport to the labora-
tory. To minimize carry-over from sample to sample, the trowel
was wiped clean, immersed in alcohol and flamed after each
sampllng. In the laboratory, each sample was divided aseptically
into four 20 g portions. Two of the portions were placed in
separate 125 ml Erlenmeyer flasks contalnlng 100 ml of sterile
Knop's Medium (17), while the remaining two were placed in simi-
lar flasks of sterile Bold's Basal Medium (BBM) (18). The pre-
pared flasks were placed in a controlled environment culture
chamber at a temperature of 23 + 1°C. An incident light of
400 ft-c was provided by 40 w cool-white fluorescent light bulbs
set on a 1l2-hr light, 12-hr dark cycle. These conditions will
hereinafter be referred to as standard culture conditions.

After two weeks, the contents of each flask were examined
microscopically and the algal genera were tabulated. The obser-
vations were repeated every week for a period of six weeks.
Samples of algae were also removed from each flask and suspended
in separate tubes of liquid BBM. The contents of each tube were
aspirated (19) over dupllcate petri dishes containing sterile
BBM solidified with 15 g agar. The seeded dishes were then
incubated under standard culture conditions. Upon examining the
agar surfaces at two weeks, dissimilarities in colonial morphol=-~
ogy were noticed. Portions of the various colonies were removed
from the agar surface by means of sterile Pasteur pipettes,
drawn to fine bores in a microflame, and placed in culture tubes
containing sterile liquid BBM. When growth appeared in these
tubes, the algae were studied and identified to the generic
level.
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Algal numbers were determined by placing 2 g of soil in
100 ml of sterile liquid BBM. The contents of the flasks were
mixed thoroughly and 1 ml was pipetted aseptically onto the sur-
face of sterile BBM agar. The inoculum was spread with a sterile
transfer loop and the plates were incubated under standard cul-
ture conditions. After ten days, the number of colonies belong-
ing to the Chlorophyta, Cyanophyta, and Chrysophyta were deter-
mined with the aid of a dissecting microscope. Triplicate plates
were used for each soil tested.

Soil leachates, for use in chemical analyses and algal bio-
assays, were obtained by placing 250 g of oven-dried soil in
vertical, plexiglass columns (length, 75 cm; internal diameter,
4.5 cm) which had their lower ends plugged with rubber stoppers.
Each stopper was equipped with a glass tube to allow for passage
of effluent water. Sterile glass wool was placed between the
stopper and soil to permit movement of water without loss of
soil from the column. Once the column had been prepared, 100 ml
of deionized water were placed over the soil. The first 100 ml
of effluent water were discarded and the next 500 ml were col-
lected in pre-cleaned glass bottles. The effluent was filtered
through prewashed, 0.45 p Gelman filters, and portions of the
filtrates were analyzed for NO3-N, NO,-N, O-PO4, and total phos-
phorus with a Technicon Autoanalyzer.

Soil samples were collected  from various depths by use of a
metal core sampler (length, 70 cm; internal diameter, 4.5 cm).
Two-inch sections were removed from the collected soil column
and each was wrapped in a sterile plastic bag. The bore of the
core sampler was swabbed between collections to prevent carry-
over of organisms from sample to sample. In the laboratory, the
outer layers of each sample were removed and discarded. The :
remaining soil was mixed thoroughly and algal numbers were deter-
mined by the procedures outlined above. Triplicate core samples
were collected at each of three collection sites.

Methods used in. the batch culture bioassays with filtrates
of soil. leachates were similar to those described in "Algal Assay
Procedure Bottle Test" (13). Forty-milliliter portions of each
filtrate were transferred to sterile 125 ml Erlenmeyer flasks.
Three flasks were used as controls (no added nutrients), while
other sets of three flasks were spiked with nitrogen (1 mg/l1 N as
NaNO3), and/or phosphorus (0.05 mg/l P as KHoPO,). The prepared
flasks were seeded with: Selenastrum capricornutum (EPA culture),
and initial cell concentrations were adjusted so that each flask
contained 1 x 103 cells/ml. Cotton plugs were used as closures
for the flasks and each flask was shaken daily for mixing. Algal
growth was determined with a Beckman Spectrophotometer (650 nm)
after 21 days incubation.
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WATER CHEMISTRY 1
|
All chemical parameters were measured in the Water Chemistry

Laboratory, Rice University, junder the direction of Dr. F. L.
Roe. |
|
|
|
|
t
\
|
;
i
@
F
[
i e
|
|
I
|
i

80




10.

11.

APPENDIX

REFERENCES

Standard Methods for the Examination of Water and Waste-
water, 13th ed. A.P.H.A., W.P.C.F., A W.W.A., 1971.

Huber-Pestalozzi, G. Das Phytoplankton des Susswassers.
In: Die Binnengewasser, A. Thienemann, ed. Schweizer-
bart'sche Verlazsbuchhandlunz, Stuttgart, 1938-1961. ’

Patrick, R., and C. W. Reimer. The Diatoms of the United
States, Exclusive of Alaska and Hawaii, Vol. 1, Monograph
No. 13. Acad. Nat. Sci., Philadelphia, Pennsylvania,
1966. 688 pp.

Prescott, G. W. Algae of the Western Great ILakes Area,
revised ed. William C. Brown Co., Publishers, Dubuque,
1962. 977 pp.

Smith, G. M. Phytoplankton of the Inland Lakes of Wiscon-
sin, Part I. Wisconsin Geol. Nat. Hist. Surv. Bull. No.
57. Madison, 1920. 243 pp.

Smith, G. M. Phytoplankton of the Inland Lakes of Wiscon-,
sin, Part II. Wisconsin Geol. Nat. Hist. Surv. Bull.. No.
57. Madison, 1924. 227 pp.

Smith, G. M. The Freshwater Algae of the United States,
2nd ed. McGraw-Hill Book Co., Inc., New York, 1950.
719 pp.

West, G. S., and W. West. A Monograph of the British
Desmidiaceae, Vols. 1-4. The Roy. Soc., London, 1904-1912.

West, G. S., W. West, and N. Carter. A Monograph of the
British Desmidiaceae, Vol. 5. The Roy. Soc., London, 1923.

West, G. S., and F. E. Fritsch. A Treatise on the British
Freshwater Algae. Bibliotheca Phycologica, Ban 3, 1968.
534 pp.

Tiffany, L. H., and M. E. Britton. The Algae of Illinois.
University of Chicago Press, Chicago, 1952. 407 pp.

81




12.

13.

14.

15.

l6.

17.

18.

19.

Gomont, M. Monographic Des Oscillariees. Annales des
Sciences Naturelles, VII, 15: 256 263, 1892.

\
Algal Assay Procedure Bottle Test. National Eutrophication
Research Program, U.S. Environmental Protection Agency,
August, 1971. 82 pp.

Sorokin, C. Dry Weight,' Packed Cell Volume and Optical
Density. In: Handbook of Phycological Methods, J. R.
Stein, ed. Cambridge Un;ver81ty Press, Oxford, 1973.
448 pp. i

Correll, D. S., and H. B. Correll. Aquatic and Wetland
Plants of Southwestern United States. Water Pollution

- Control Research Serles,lNo. 1630 DNL 01/72, U.S. Environ-

mental Protection Agency, 1972. 1777 pp.

Hotchkiss, N. Underwater and Floating-Leaved Plants of the
United States and Canada Resource Publication 44. U.S.
Department of Interior, Bureau of Sport Fisheries and Wild-
life, Washington, D.C., 1967

MacEntee, F. J. A Prellmlnary Investigation of the Soil
Algae of Northeastern Pennsylvanla. Soil Science, 110:
313-317, 1970. ! :

|
Nichols, H. W. Growth Media - Freshwater. In: Handbook of
Phycological Methods, JJ R. Stein, ed. Cambridge University
Press, Oxford, 1973. 448 pp.

Hoshaw, R. W., and J. R. Rosowski. Methods for Microscopic
Algae. 1In: Handbook of Phycological Methods, J. R. Stein,
ed. Cambridge Unlver51ty Press, Oxford, 1973. 448 pp.

|
I

f

82




TECHNICAL REPORT DATA i
(Please read Instructions on the reverse before completing)

1. REPORT NO. 2. " |3. RECIPIENT'S ACCESSION NO.
EPA-600/2-80-127

4. TITLE AND SUBTITLE

5. REPORT DATE

MAXIMUM UTILIZATION OF WATER RESOURCES IN A PLANNED | August 1980 (Issuing Da’ge)
COMMUNITY; Eutrophication Potential of Surface 6. PERFORMING ORGANIZATION CODE
Waters in a Developing Watershed . '

7. AUTHOR(S) . 8. PERFORMING ORGANIZATION REPORT NO.

C. H. Ward and J. M. King

I19. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO. .
Department of Environmental Science & Engineering 35B1C,DU No.B-124,Task 404202
Rice University ; 1. CONFRACT/GRANT NO.

P.0. Box 1892 Lo

Houston, Texas 77001 802433

12, SPONSORING AGENCY NAME AND ADDRESS i 13. TYPE OF REPORT AND PERIOD COVERED
Municipal Environmental Research Laboratory--Cin.,OH Final 7/73 - 12/76

Office of Research and Development 14. SPONSORING AGENCY CODE

U.S. Environmental Protection Agency

Cincinnati, Ohio EPA/600/14

15. SUPPLEMENTARY NOTESSee also EPA-600/2-79-050a,b,c,d,e,f and EPA-600/2-80-113
Project Officers: Richard Field (201) 321-6674 - FTS 3-340-6674
Anthony N. Tafuri (201) 321-6676 - FTS 8-340-6676

The purpose of this research was to characterize the algal populations in a
developing area (The Woodlands) to evaluate the impact of urbanization on the aquatic
flora in The Woodlands. Several aquatic habitats were sampled on a regular basis to
identify factors which influence algal population dynamics. Nutrient 1imitation studieq
were conducted to determine which nutrient was most limiting for algal growth during
conditions of low flow and stormwater runoff. Water from Hunting Bayou and Westbury
Square, developed communities near Houston, Texas, were used in bioassay experiments.
The impact of urbanization on edaphic algal populations was also determined. Nutrient
Timitation studies in Panther Branch and the Conference Center Lakes showed that phos-
phorus additions to Tow-flow water increased algal cell yields, while yields in stopm-
water samples were increased by nitrogen additions.

16. ABSTRACT

Undisturbed soils had more diverse algal populations, but smaller standing crops,
than disturbed soils, even though concentrations of nitrogen and phosphorus were higher
than in most disturbed soils. Soil disturbance caused development of a more diverse
blue-green algal flora, probably due to accompanying increases in soil pH. Bioassays
showed that phosphorus was the nutrient most Timiting for algal growth in water
leachates of soils. :

17. KEY WORDS AND DOCUMENT ANALYSIS .
la. . DESCRIPTORS b.IDENTIFIERS/OPEN ENDED TERMS |c. COSAT! Field/Group
Water resources, Urbanization Aquatic flora, Nutrient

lTimitation data, Algal 13B

growth, Nutrient Toadings|,
Water leachates, Edaphic
algae, Phytoplankton

dynamics, Algal bioassays)

Eutrophication
18. DISTRIBUTION STATEMENT 19. SECURITY CLASS (This Report) 21. NO. OF PAGES
Unclassified 97
20. SECURITY CLASS (This page) 22. PRICE
Release to public Unclassified
EPA Form 2220-1 (Rev. 4-77) Yr U.S. GOVERNMENT PRINTING OFFICE: 1980--657-165/0147

83










Fees Paid

Environmental Protection Information / R L , .
Agency - : Cincinnati OH 45268 ~ . ) . Environmentat S
. : : i ' . Protection * e i
o . : Lo Agency —
o M , EPA-335 .
Official Business ‘ - ] Ry ©° Special Fourth-Clas Rate ]
Penalty for Private Use, $300 B T . : " . Book
A N . i B ~ - .« -
- . - N
. . . ’ : ) { .
N ° . ) L
1 { o t ’
AN . X e . S o ' .
) - i ' -
’ 2 : »
- ) ’ i
y ' *
, ety ' H . T .
" P 3 !
j ' 1 . :
,, i . : i : . . '
; e, u - y . .
Ol : . T o N ) o
e Dl S LR e S S DR
\ REE . 5 - Please make all necessary changes on the above label, . . ’
{ f .
.- . i , . detach or copy, and return to the address in the upper - . . -
e N - ' - N left-hand corner. - . : ,,
’ . . 3 ! . If you do not wish to receive these reports CHECK HERE o; : ,
. . . . -1 detach, or copy this cover, and return to the’address in the o o
\ . upper left-hand corner. )
/ ‘, S
. EPA-600/2-80-127 n .
” v ‘ a
\ - )
\,.. o A
¥ .



