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-Dissolved oxygen means (x )are applied as a minimum average over a 24-hour period.
_Daily minima arc not to extend beyond 8 hours per 24-hour day. Lower 00 minima may apply on a site-specific basis,
when natural daily fluctuations below the mean are greater than the difference between the mean and minima of the
appropriate criteria.
-Spring criteria to protect fish spawning periods are applied during that portion of the first half of the year when water
temperatures are 17-23 °C (63.0-73.0 "F).

INTRODUCTION

The Texas Natural Resource Conservation Commission (TNRCC) is charged with developing water
quality standards for the state's surface waters under Section 303 of the Clean Water Act of 1977.
The law requires standards to be based on criteria developed from the best possible scientific data.
The United States Environmental Protection Agency (EPA) is mandated under Section 304 of the
Clean Water Act to develop these scientific criteria If criteria developed under Section 304 ne
adopted as regulations under Section 303, they then become enforceable water quality standards.
EPA encourages states to adjust water quality criteria developed under Section 304 to reflect local
environmental conditions. EPA developed national criteria for dissolved oxygen (DO) for both
warmwater and coldwater fish assemblages, as well as seasonal criteria for early life stages
(U .S.EP A, 1986). Criteria include both mean and minimum limits. Cr.teria are estimates of the
threshold concentration below which detrimental effects could be expected (e.g. decrease in growth,
or increase in disea.se and pollution stress). Wannwater criteria were developed from data on sports
fishes.

TNRCC has developed specific 00 standards for over 350 larger, classified waterbodies in the state.
However, it is not feasible to individually classify all the smaller streamS in the state. Texas Surface
Water Quality Standards (TSWQSX30 Texas Administrative Code, Section 307.4 h) state that DO
concentrations for unclassified waters should be sufficient to support the appropriate aquatic life use
(ALU) in the stream. Four aquatic life use subcategories are identified in Section 307.7 of the
TSWQS (TNRCC, 1995); 24-hour mean and minimum DO concentrations are assigned to each
subcategory; and general ecological and habitat attributes associated with these four categories are
also described (Table 1).

Table 1.Freshwater dissolved oxygen (DO) criteria versus aquatic life use (ALU) subcategories and
attributes.

:ALU ,']]0::111" .;-: c~;Rtl.·." ;:~tfii:t.
..~ . :~ ::~-ty ::~. ~~::'~'.~~":.

..

:'r~'tiI:::: : .. .i~. :.::~ .. : S#aclIn
...~;" ...: .. : ..... ...... : :

: : ;

.. : ::t ....,:l::: ..:·.::.:::.;.; •• :" •• : •••• :. p' , ....
.'

...... " . , ............... ... ,- '" ... :•..... . ....... .'.. .,...........•.. .. ..' .... ..........,....... -......... ,.,., ..-.. , ..' ..... '. .. .. .. ...

ExcepCioul 6.014.0 6.015.0 0aIsIIadiD1 ExcepliCIIII AbuDdaDt &cepeioaaIly &cepCiaoally BaIaDcCd

UbnI wriabi1ity 01' IIDlISIIII biBb biBb

HiBb 5.013.0 5.514.5 HisbIY diwne UIuII -uDOD ~ Hish HiBb BabDced
otrqioaUly to s1ipdy
cxpocIICdspecies imblllDced

IntenDediMe •. 013.0 5.01•• 0 MocIenIcIy Some expec:led Very low in Moderate Modente Moderately

diwne spec:ics IbuDdIace ImblllDced

Limited 3.012.0 4.013.0 UaifonD Most rqioaUly AbleDI Low Low Severdy
expeded lpeCies imbllaDced
abIeat



•••

(111

-

2



TNRCC adopted revisions to the TSWQS on June 14, 1995 which included lowering presumed
standards for unclassified, perennial streams in East Texas from high to intermediate aquatic life use.
The Sierra Club and a number of private individuals opposed the change, while the Texas Municipal
League and several local officials from East Texas cities supported the change. EPA Region 6
disapproved the proposed change to the standards on March 27, 1996. lNRCC amended its rules
on March 19, 1997 and changed the presumed standard for unclassified, perennial streams back to
high ALU. TNRCC conducts receiving water assessments (RWAs) to determine ALU on
unclassified streams where permit actions are forthcoming so that site-specific standards are
developed from actual data, rather than being based on presumptions.

STUDY AREA
The Cypress Creek basin has the smallest drainage area of any river basin in Texas. Many streams
in the basin have sluggish flow characteristics, seasonally low DO, and naturally high organic
loading (TNRCC, 1996). The economy in the basin is dominated by agriculture and forest-related
industry. Oil and gas activity is common in the eastern part of the basin. There are several small
dairies in the western portion of the basin. TNRCC-regulated industrial wastewater dischargers
include Pilgrim's Pride chicken-processing plant located on Tankersley Creek, Lone Star Steel
located near the upper end of Lake O'the Pines, and Southwestern Power Company located on Welsh
Reservoir. The following is a list of larger municipal wastewater treatment plants in the area, with
permitted discharge volumes in million gallons per day (MOD), and the stream that receives the
discharge:

• Mount Pleasant (2.53 MOD), Hart Creek;
• Gilmer (1.75 MOD), Sugar Creek;
• Pittsburg (0.97 MOD & 0.20 MOD), Sparks Branch & Dry Creek;
• Atlanta (1.1 MOD), Black Bayou;
• Daingerfield (0.70 MOD), Brotons Creek;
• Jefferson (0.55 MOO), Black Cypress Bayou;
• Hughes Springs (0.49 MOD), Hughes Creek;
• Linden (0.45 MOD & 0.25 MOD), Beach Creek & Jim's Bayou; and
• Naples (0.25 MOD), Watson Creek.

STUDY OBJECTIVES
The study was designed to provide information on actual aquatic life use and dissolved oxygen
concentrations in different sized streamS in the Cypress Creek basin. Data were collected during
mid-summer in order to represent maximal stress. Secondary objectives included comparisons of
data collected with different gear types, and the development of metrics for a regional habitat
assessment
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METHODS
SITE SELECfION
Named streams within the Cypress Creek basin were placed into one of six size categories (<39. 39-
65,66-132,133-259,260-518, >518 km2). Each size category was subdivided into upper, middle.
and lower sections. From this population pool, three sites were randomly selected from each strata
and each section. This resulted in 54 sites where instantaneous flow and DO concentrations were
collected (Figure 1). Twenty-four hour DO concentrations and biological data collections were made
at 18 of the 54 sites (Figure 1). Once a section of a stream was selected. sites were chosen based on
convenience of access and whether they were representative of the whol~ reach. Actual drainage
area at each site was determined from a computer-generated map using ArcView-GIS.

FIELD DATA
Data were collected between the hours of 0800-1200 from mid-July through mid-September of 1995
and 1996. A full range of flow conditions were encountered during the survey: from flowing
streams; to streams wjth water pooled throughout the reach. but with no measurable flow; to
intermittent streams with isolated pools with areas of dry stream bed between the pools; to
completely dry streams. Flow was measured using a Marsh-McBirney magnetic flow meter.
Streams were divided into 10-20 equal cross-sectional segments. Depth and velocity were recorded
at the midpoint of each segment Total flow was obtained by snmming all the individual depth times
velocity reatfines. Instantaneous DO was measured in pool-type habitats with a Hydrolab Surveyor-
ll. Twenty-four hour DO was collected using either a Hydrolab Datasonde, or Surveyor-IT and Data
Logger. The Datasonde was deployed on the stream bottom, while the Surveyor-ll was deployed
near the surface.

FISH
Fish were collected using a Smith-Root backpack electrofisher in wadable streams, a boat-mounted
electrofisher in larger streams, and by seining at all locations. Shocking duration at each site was
approximately 15 minutes. All habitat types present were sampled. A minimum of six seine hauls
were made, with supplemental hauls made until no additional species were collected. Seine hauls
were usually of short length (<2Om) due to the abundance of snags. Most fish were identified,
measured, and returned to the stream. Individual fish not identified in the field (e.g. cyprinids) were
preserved in formalin and taken to the lab for positive identification. The ALU for fish (Table 2)
was a summations of 12 metrics that make up the Index of Biotic Integrity (IBI) (Linam and
Kleinsasser, 1987).

BENTHIC MACROINVERTEBATES
Benthic macroinvert.ebrates were collected from a five-minute sweep of stable benthic habitat using
a D-frame kick net Most sites did not have riftles. and many of the smaller streams had only pools
with no interconnecting flow. Therefore, sweeps were made on instream, large woody debris or root
mats located along the banks. Benthic macroinvertebrates were picked in the field and placed into
vials with 70% ethanol for later identification. An attempt was made to ensure that there were at
least 100 individuals in the sample. If the first effort did not produce approximately 100 individuals,
a second, five-minute sweep was performed and the sample was concluded. Specimens were
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identified to gen1.1Swhen 'pOssible. The ALU subcategory was then detennined using a metric set
technique proposeci by Harrison (1996, Draft) for ecoregions 33-35 (Table 3). Scoring ranges
differed between fish, benthic macroinvertebrate, and habitat assessments. To allow for statistical
comparisons between the mI and RBA values, scores were transformed to a common scale with 1.0=
Limited, 2.O=Intermediate, 3.O=High, 4.O=Exceptional.

WATER CHEMISTRY
Surface water samples were evaluated during February, 1996 at sites where 24-hour DO and ALU
were determined. Water chemistry was not collected during the summer target period due to time
constraints. However, water chemistry at several routine surface water quality monitoring sites
within the Cypress Creek basin has not shown much seasonal variation over the last several years.
Samples were Collected in one-liter cubitainers, preserve~ and shipped to the TNRCC Laboratory
in Houston for analysis according to U.S.EPA (1983) standard methods. Flow and DO were also
measured at selected sites for comparison to summer values.
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<8
<4
>5.27

<0.79 or> 16.19
>39.88
>54.12
<4.73 > 36.14
< 1.63
>75.50 or 0
<2
< 8.00 > 41.68
<0.88 > 30.12

Table 2. Index of biotic in . (lB1) scorin2 and evaluation criteria.
.. .. ..:::;."

SeoriDg.. ..

Qa~: •• a:i~~: '. S 3 1

Species rielmess aDd compositioD
1. ToW number of fish species • • •
2. Total number of darter species ~3 2-1 0
3. Total number of sunfish species ~2 1 0
4. Total number of sucker species ~2 1 0
S. Total number of in~lerant species ~3 2-1 0
6. Proportion of individuals as tolerant <5 5-20 >20

Trophic composition
7. Proportion of individuals as omnivores <20 20-45 >45
8. Proportion of individuals as insectivores >80 >40-80 s40
9. Proportionof individuals as piscivores '>5 5-1 <1

Abundance aDd coDditiOll
10.Number of individuals in sample >200 >50-200 50
11. Proportion of individuals as hybrids 0 0-1 1
12.Proportionof individuals with defects 2 2-5 5

Scoring: 0-34 Limited; 40-44 Intermediate; 48-52 High; 58-60 Exceptional.
*First-secondorderstreams: ~7 (5), 6-4(3), s3 (1)
Third-fourthorderstreams: ~10(5),9-5 (3), s4 (1)
Fifth-sixthorderstreams: ~16(5), 15-8(3), s7 (1)
Seventh-eightorderstreams:~22(5), 21-11(3), s10 (1).

,[.ble 3. PrQ sed fa id bioassessment A Metricsfor kick net sam les in ecore 'ODS 33/35.
: . -.;.' ";" '." ..::.'.. ; :.::.; :' : ; ' .. ;.:.; ::', .. , : ;. :.. - - ," :

i:·~~~I;;:;·::i·;:::::I~:~i;.\ii·li;i.i·::::;:::::::·:.::!~\:;:;i!;:;!:!}:::·i;::;!;:{!.:·:!:!:·::!!j:ltj::;:·.:..~i:I::~~?:.it.::::::,::!.~~¥;~:: ..
l.Taxa Richness >21 15-21 8-14
2.EPTTaxa >9 7-9 4-6
3.BioticIndex <3.77 3.77-4.52 4.53-5.27
4. % Chironomidae 0.79-4.10 4.11-9.48 9.49-16.19
5.% DomiIJantTaxon <22.15 22.15-31.01 31.02-39.88
6. % DominantFunctionalGroup <36.50 36.50-45.30 45.31-54.12
7.% Predators 4.73-15.20 15.21-25.67 25.68-36.14
8.RatioIntolerantto TolerantTaxa >4.79 3.21-4.79 1.63-3.20
9.% Trichopteraas Hydropsychidae <22.50 25.51-50.50 50.51-75.60
10.Non-InsectTaxa > 5 4-5 2-3
11.% Collector-Gatherers 8.00-19.23 19.24-30.46 30.47-41.68
12.% EImidae 0.88-10.04 10.05-20.08 20.09-30.12
Scoring: <22 Limited; 22-28 Intermediate; 29-36 High; >36 Exceptional.
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EAST TEXAS HABITAT ASSESSMENT (ETHA)
The ETHA is a modification of EPA's rapid bioassessment protocols (platkin et al., 1989). It is
intended for use in wadable third and fourth-order streams in the south central plains and east central
Texas plains, ecoregions 33 and 35 (Omemik and Gallant, 1987). The purpose of any habitat
assessment is to document conditions within a stream, and to generate a numerical score that can be
compared to another site.

Metrics for the ETHA were developed based on three least-impacted ecoregion reference sites, as
well as a number of other typical northeast Texas streams. Frazier Creek (Cass County), the East
Fork of the Angelina River (Rusk County), and Catfish Creek (Anderson COWlty) are TNRCC-
designated reference sites in ecoregions 33 and 35.

The ETHA follows the general EPA protocol. Metrics within each of three general categories are
scored differently. For example, the highest score of a primary metric is 20; highest score for a
secondary metric is 15; and highest score for a tertiary metric is 10 (Table 4). Both protocols use
three similar groups of metrics: instream biological habitat, channel morphology, and riparian and
watershed characteristics.

Two main differences exist between the ETHA and EPA habitat assessment. The ETHA places bank
characteristics in the secondary group of metrics, thus increasing its importance. Metrics dealing with
embeddedness and channel deposition were not included in the ETIIA. Many streams in East Texas
have sandy bottoms which are reworked during high flow conditions. Embeddedness consistently
scored poorly even at reference sites. Most stable benthic habitat in these ecoregions is off the
stream bottom on instream logs and root mats.

Ob~ons are made for primary and secondary metrics through a reach of approximately 50Om.
A predetermined number of paces equal to approximately 100m are walked off. Observations are
made from 10m upstream to 10m downstream of each transect location. Some observations (e.g.
habitat mix, bends, pools, and bank stability) are made over the total length of the reach. Other
observations (e.g. available fish and benthic habitat, water between the banks, and canopy cover) are
made at five equally spaced intervals over the 500m. If the habitat types are repeating after five
observations, then the assesSIJ1entis complete. If not, then an additional three to five observations
are made. The average of ~ five sets of observations is recorded on the :finaldata sheet.

Instream biological habitat is the primary group, which contains four metrics. Examples of common
East Texas fish habitat (Metric 1) and benthic macroinvertebrate habitat (Metric 2) are given in
Table 4. Other habitat types should be considered ifpresent (e.g. beaver dams, stable backwater
channels, oxbows, and adjacent swamps). Mix of available habitat (Metric 3) considers variety
rather than amount ofbabitat. By including this metric, additional weight is given to instream habitat
in the overall score. Pools (Metric 4) are important since they provide refuge to all types of aquatic
organisms especially during critical low-flow periods. This metric is measured over the entire sOOm
reach. An attempt is made to provide for seasonal differences during normal versus low-flow
periods for this metric.
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Channel morphology and bank characteristics constitute the secondary group, which also contains
four metrics. Well-developed bends (Metric 5) provide important habitat for many aquatic
organisms. Streams that cut back with well-defined (S or C-shaped) bends should be scored higher
than streams with less sinuous (L-shaped) bends. Higher scores are given to bends that grade from
shallow to deep across the channel width. Bends that have eddies and deep water receive max,imal
scores. Water between the banks (Metric 6) changes seasonally. During drought conditions, the
amount of water in smaller streams can go from suboptimal to poor within two to three weeks.
Therefore, habitat comparisons should be made under similar climatic conditions. Canopy cover
(Metric 7) provides detrital material for benthic shredders, modifies temperature extremes, and
indirectly intluenC'.e5other habitat parameters such as undercut banks and root mats. Canopy cover
is estimated on the right and left bank at 5 random locations. A convex mirror (canopy densiometer)
is used to obtain an actual measurement (Klemm and Lazorchak, 1994), or a simple estimate can be
made. Without the convex mirror, canopy cover is frequently ov~'1im~ted. Bank stability (Metric
8) is a fimction of a nwnber offactors, several of which are listed in Table 4. It is possible to have
steep yet relatively stable banks if there is abundant root and vegetative cover, and the soil type is
stable. Emphasis should be placed on actual observations of sloughing banks, rather than on bank
slope or soil type.

Watershed cbaIaCteristics are the tertiary group, which has two metrics. Information is considered
from the immediate sample area, and as far upstream in the watershed as may potentially affect the
sample area. Width of stable vegetative cover (Metric 9) includes both sides of the stream. Pollution
potential (Metric 10) is dependent on the knowledge and experience of the observer. For this metric
to receive a low score, the pollution should have the potential fC?ra substantial negative impact on
the instream biota. It may include point sources such as municipal or industrial wastewater
dischargers, or nonpoint sources such as runoff from timber, agricultural, or oil field activities. It
should not include trash or litter, unless extreme.

Additional :tmbitatinformation is placed at the bottom of the Table 4 for descriptive purposes. The
three groups of metrics add up to a total possible score of 160. Exceptional habitats include scores
in the upper IS percent (>135); limited habitats include scores in the lower SO percent «80);
intermediate and high scores are divided equally among the remainine numbers. The ETHA takes
approximately one hour to complete and score the data.
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RESULTS

FIELD DATA
Field data collected from all 54 sample sites are found in Table 5.

Table S. Instantaneous field data, Cypress Creek basin. summers of 1995-96. Sites were selected randomly from
upper (U), middle (M), and lower (L) portions of streams from six size strata .

."" .. ..,:t..•.~ ••.•.:~~~.
, .~ '., .

,,-s:.:.~< .. T•••• ~:c.H.
, 'Gil ,o'

J-. "C. sy ~
... ... - .. -- ... .' .......... .. " . ,',. .. ...... .. , ..... ......... ........ .. . .,.", .-"., .,,',~:: .. ..... ... ........ .. .. ... ...... .' .... - .... ..

cD •••
U-(U) I.' ~4 0.%1 6.' 21.2 5.1 .5
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8IIIIIr (I.) 23.1 ~ID 0 0.1 22.0 6.2 100
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c.., (1.) 34~ lID 0.03 0.2 24.2 U 106

0- (U) 3." ~3O •••••••• 1.0 23.6 U 136

CiuIIl.(I.) 39•••. .~ 0.66 1.1 23.1 6.2 91
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c..,(M) 54.9 l30 ~ 2.6 22.4 U 2DI
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IIIn (I.) IDS ~3O 1.9 6.5 25.5 6.9 421
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GnJI (1.) IS.D llO 0.14 4.1 22.2 U 101
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••• (1.) 227 lIS 0 0.1 24.1 6.6 15

~(U) 12.4 lS 0.23 1.6 23.1 5.1 61
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12\

34\

101

65

m

67

131

116

36

U53

62

120

61

3SS

4S

205

176*190

140

9S

226

63

296

146

~'.':

6.5

6.6

7.2

6.2

'.5-7.2

6.4

6.1

6.4

6.S

6.5

6.9

6.1

6.3

6.6

6.6

6.4

6.6

6.1

6.2

6.1

6.4

6.1

6.7

6.1

.6.5

6.4

6.5

6.3

25.6

30.9

~.I

20.9-30.9

24.4

22.9

24.1

26.1

26.6

2\.3

22.6

26.7

25.2

27.2

24,2

211

26.4

25.4

21.3

26.4

25.7

23.4

23.4

24,2

24.1

20.9

22.2

24.1

2.2

6..~

1.0

7.1

0.1-7.1

4.4

4.4

4.4

1.7

4.0

4.7

05

2.1

1.4

6.2

1.6

0.5

2.IU.O

1.1

4.0

2.0

4.0

0.2

0.2

1.0

0.6

u

2.3

9.1

1.6

0,26

0.19

o

12

0.49

19

0.11

0.36

o

0.02

0.39

0.29

0.44

0.10

5.5

0.22

0.11

a'

a30

a20

a30

a5

a'
a 1.0

a10

a15

a5

a5

as

347

741

163

1741

1039

22.'

112

16.0

11.1

34.4

2437

329

31.6

6.5

49.2

72.0

99.2

62.4

1S.7

4.9

52.3

11.6

140

1Iia~ (1.)

auce

XiIdlcD. (1.)

Bogy (M)

Bogy (1.)

r••·•(U)

w... SO

FlaI (1.)

~(U)

Paw!'lw (U)

PawPaw (M)

~(U)

Litd. en-- (M)

U1dt CJjIraI (1.)

f••••(1.)

Bia CypNI (M)

Lily (U)

BIod<~ (U)

BIod<~(1.)

FnIi<r (M)

>511 ••••
BIod<c"... (U)

BIod<c"... (M)

BIod<en-- (1.)

LlaIt en-- (U)

-.sll••••

Table 5 (continued).
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The natural acidity of the basin was evident by the fact that all but two of the sites had a pH value
less than 7.0 standard units (SU). The majority had pH less than 6.5 SUo Specific conductances
were all less than 1000 J,lmhoslcm; and the majority were less than 150 J,lmhoslcm.

Sixteen of the 54 sites had zero flow or were intennittent with isolated pools with no interconnecting
floW; 15 of these had instantaneous DO concentrations s 2.0 mgIL (Table 5). Thirty-eight sites had
measurable flow; 30 of these had instantaneous DO concentrations ~2.0 mg/1 (Figure 2). Only six
of the 54 sites had flows greater than 1.8 cfs (Table 5). All six points had DO concentrations greater
than 2.0 mgIL. These seven points are not show in figure 2 as they compress the results of the
majority of sites making them difficult to read. An absolute minimum DO standard of 1.5 mgIL is
applicable for all intermittent streams in Texas, and those streams should maintain a 24-hour
dissolved oxygen average of2.0 mg/1 (TNRCC,1995).
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~

01) S. 5
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I •
• •
• •• •• • •• • •
••••••• •_____~---e~-----------.------------------------------- __•I:...
••

-1 ~-__o__-_--_-_-__+--_-_-__+--_-_4
"().2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Flow (cfa)

Figure 2.
Instantaneous dissolved oxygen concentrations versus flow measurements in forty-seven East
Texas streams.

There was a moderate correlation between flow and stream drainage area size (R2:: 0.53). Results
of multiple regression analysis showed that changes in flow were best explained by the drainage
basin size. Flow and DO were not significantly correlated as originally suspected. In general, streams
having larger drainage areas supported higher flows (Figure 3). Of the eight streams with flows>
1 cubic foot per second (cfs), five of those streams were in the largest watershed strata (>518 km2).
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Figure 3. Statistical relationship between log stream flow and log drainage basin area from all
streams sampled (R2 = 0.52; P <0.05). Regression equation for individual streams: logflow = -1.738
+ 0.1923 log(km~. Dotted lines are 95% confidence intervals.

The study was conducted dming July-September in 1995 and 1996 to include some year-to-year
variability. Although 1995•.96 were considered dry years across most of Texas. rainfall amounts in
East Texas were seasonally normal in 1995 and slightly wetter than normal in 1996 compared to the
10D-year average for regional rainfall during July-September (NCDC, 1991). There was a period
of rainfall at the end of August 1996 that potentially could have affected some of the sam{'les.
Eleven sites wen; sampled less than five daY5after the August 1996 rainfiill events. Howe\'«, there
was not a signifiCtltitcorrelation between the number of days since a rainfall event, as recorded in
Table 5, and the instaataneous DO at a site.
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Recent rainfall runoff did appear to have a pronounced effect on DO, however. Two separate sites
received rainfall while hourly measurements were being made. Although the exact time between
when the rain started and when significant runoff began is unknown, there was a dramatic increase
in DO concentrations within a two-hour period at the Haggerty Creek site. DO then began a steady
fall over the next 30 hours (Figure 4). DO also increased within a similar two-hour period at the
Sugar Creek site, but declined more erratically over the remainder of the time the instrument was
deployed (Figure 5). Rainfall amount at the Haggerty Creek site was unknown. There 'Hasno flow
when the instrwnent was deployed; flow had increased to 0.06 cfs when the instrument was
retrieved. The Sugar Creek site received over 25 mm of rain. Flow increased from 0.05 cfs when
the instrument was deployed to 0.13 cfs when the instrument was retrieved.

There was no significant difference between instantaneous DO concentrations measured during
morning hours (0800-1200) and 24-hour DO averages recorded from the same seventeen locations
(paired t-test; P <0.05) (Table 6). For most of the streams sampled, instantaneous DO data collected
during morning hours appeared to be a good indicator of 24-hour DO concentrations, the exceptions
being Haggerty Creek and lower Black Bayou (Table 6). There was a highly significant difference
(paired t-test; P < 0.01) between wintertime DO concentrations measured under higher stream flow
conditions and lower temperatures versus summertime DO concentrations measured under low-flow,
high-stress conditions (Appendix B).
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Fipre 5. Hourly dissolved oxygen concentrations at Sugar Creek, 8-27-96.

Figure 4. Hourly dissolved oxygen concentrations at Haggerty Creek, 8-30-95.



.• Rained s:5 days prior to sample .•• Rained during samplmg. ND=No data.

Table 6. Smnmer low-flow conditipl1S in the Cypress Creek basin, summers of 1995-96. Aquatic life use categories (mI and RBA)
and habitat ~ •• , scores lL=Limited.. I-Intermediate. H=Hi2h.. E Exceptional). Frazier Creek is included as a reference site.

w~~i~i"':':(": .. .. ... . .. ,....n~'q·."~,, .. , ".'./D~O. J)~U: J>~.·'X .:!t!.,'-, .•...
·.:Sizoe ····.$ite •••• :..,#($ :.

~~S< :;
MiD; Ilist. ·IDI RBA ETHA

'bii~:· D1gIL .mgIL

<39 km2

Lawrence 1.8 0.23 ND ND 6.8· I-H I I

Beach 6.5 0.06 0.4:0.5 0.1 O.S I L H

Coon 7.8 0.03 2.2:G.5 1.2 2.7 I-H I L

3~ kat·
Sugar 9.6 0.06 2.2:G.4" 1.6 2.4 H I L

middle-Caney 10.9 0 1.0:0.6 0.3 0.9 I H I

lower-Caney 34.2 0.03 0.7:0.5 0.3 0.2 H H I

66-130 kID' Grays
25.9 0.33 3.7:0.4 3.0 4.2 H L H

Walnut 34.4 0.12 S.2:().5· 4.4 4.4· H I I

Bear 54.9 0 0.03:0.05 0.0 0.8 I-H I H

131-259 Ian •
Harrison 6.5 0.22 ND ND 5.9· H 1 I

Kitchens 62.4 0.80 4.3:0.6 3.5 4.0 H H H

Haggerty 72.0 0 2.0:1.6·· 0.0 0.2 H I H

160-518 km •
upper-Black Bayou 31.6 0.29 I.S:O.6" 0.7 1.1 I-H I I

Frazier- '95 112 0.02 2.0 :0.6 1.1 1.6 I I H

Frazier- '96 112 2.7 5.7:0.3 5.4 5.9 H H ND

Jim's Bayou 86.0 0.26 3.1:0.1 2.9 2.8 H H H

lower-Black Bayou 250 0 2.7:t1.0 1.1 0.5 H I L

>518 km •
upper-Little Cypress 80.5 1.6 4.9:G.2 4.9 4.4 I-H I H

Big Cypress 1748 12 ND ND 6.2· H ND ND

lower-Liule Cypress 1906 12 4.{):().2· 3.6 4.4· H H ND
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INDIVIDUAL SITE SUMMARIES

Data from individual sites is found in the following appendices: habitat quality (Appendix C),
fish collected (Appendix D), index of biotic integrity (IBI) scores for fish (Appendix E), list of
regionally expected fish (Appendix H), benthic macroinvertebrates collected (Appendix I), and
rapid bioassessment (RBA) scores for benthic macroinvertebraws (Appendix J). Sites are placed
into ALU subcategories using both ffiI and RBA metrics. In addition, descriptive information is
included about general aquatic life attributes (Table 1) such as species assemblages, sensitive
sp~'~ies,diversity, species richness, and trophic structure. For this study, the sensitive fish
~ies attribute includes the number and abundance of intolerant species and benthic invertivore
species. Cyprinids (minnows) and centrarchids (sunfishes) included the majority of individuals
and species at most sites within the basin. The numbers of species from these two important
families is listed for each site. 1ne sensitive benthic invertebrate species attribute includes the
um-.1ber and abundance of specie; with tolerance values less than six.

I ,•.~rtDCe C~k
11M ltai.~}}]esite was located at Harrison County Road 4308 northwest of Marshall in the upper third
(1.8 km:: ) of the stream's watershed. Flow (0.23 cfs) and instantaneous DO (6.8 mg/L) were
measured within five days of a rainfall event. Twenty-four hour DO was not collected.

Habitat quality was intermediate; five metrics scored optimal, and five marginal. Common habitat
types included undercut banks and root mats. Large woody debris and pools were present, but
limited in distribution. The amount of available fish and benthic macroinvertebrate habitat were both
marginal. Ferric hydroxide precipitates were common, which may have affected the benthic
communities. Banks were moderately unstable; two areas of recent bank slumping were noted.
Width of vegetative cover was extensive.

The ffiI score was intermediate-high. A moderate number of fish (81) were collected from 11
different species, which is less than half the number of regionally expected species. Minnow species
(4) were common in the collection, but sunfish species (2) were not well represented. Dominant
species were longear sunfish ~L. megalotis) and bullhead minnow (Pimephales vigilax). Several
81'een ~:d'i:::h(L. cyaneUw) hi. th~1S to 18-cm class were caught which either suggests that this
section of st!.~ .•1I'Obably~ i\Cldwater for several years, or they migrated from a nearby refuge.
The diversity index was moderately high (H=2.S9). Trophic structure was moderately to slightly
imbalanced. Intolerant species were absent in the sample. Two benthic invertivore species were
collected; however, their abundan~ was low.

The RBA score was in the lower range of intermediate, half the metrics scored in the lowest
category. Only S3 individuals were collected from 10 minutes of sampling effort. Fifteen taxa were
collected. Sensitive species were present: six intolerant taxa, including three EPT taxa, were
collected; this represents 46 percent of the total individuals collected. Dominant taxa were narrow-
winged damselfly, Enallagma sp. and riffle beetle, Ancyronyx sp.. The diversity index was high
(H=2.98). A high percentage of predators (63%) caused the trophic structure to be imbalanced.
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Beach Creek
The sample site was located at Cass County Road, south of Atlanta in the middle third (6.5 km2 ) of
the stmun's watershed. Flow was very low (0.06 cfs), as were 24-hour DO concentrations (O.4:J;().5
mgIL). Lowest DO readings (0.05 mgIL) were between 1800-2100 hours. This site did not meet DO
standards for limited ALU based on either 24-hour mean or minima concentrations.

Habitat quality was high; nine metrics scored optimal or suboptimal, and one marginal. Common
habitat types included pools and large woody debris. Root mats were present, but limited in
distribution. The amount of available fish and benthic habitat were both suboptimal. Portions of the
banks were steep, but no evidence of slumping was noted. Vegetativ~ cover was extensive.

The ffiI score was intermediate. Very few fish (45) were collected, from 12 different species, which
is less than half the number of regionally expected species. Minnow species (1) were uncommon
in the collection, but sunfish species (5) were well represented. Dominant species were grass
pickerel (Esox americanus) and blackspotted topminnow (Fundulus olivaceus). The diversity index
was high (H=3.I9). Trophic structure was moderately imbalanced, the percent invertivores being
lower than optimum. Two intolerant species were collected: blackspotted topminnow and cypress
darter (Etheostoma proeliare). Only one benthic invertivore was collected.

The RBA score was limited; eight of the 12 metrics scored in the lowest category. Fifteen taxa were
collected. Sensitive species were present, although low in abundance: seven intolerant taxa,
including two EPT taxa, were collected; this represents 19 percent of the total individuals collected.
Dominant taxa were chironominae and Enallagma sp. The diversity index was intermediate
(H=2.45). A high percentage of predators (48%) caused the trophic structure to be moderately
imbalanced.

Coon Creek
The sample site was located at Farm to Market Road 49 west of Gilmer in Upshur County in the
lower third (7.8 km2) of the stream's water.shed. Flow was minimal (0.03 cfs) and 24-hour DO levels
were 2.2%0.5 mgIL. The minimum DO (1.2 mgIL) occmred at midnight This site did not meet DO
standards for limited ALU based on 24-hour mean DO concentrations.

Habitat quality was limited; nine MetriCSscored marginal or poor, and one optimal. Common
habitat types were root mats and small, shallow pools. The amount of available fish and benthic
macroinvertebrate habitat were both poor. Banks were steep, and three areas of recent slumping WF"-te
noted. Width of vegetauve cover was poor. There was a small dairy adjacent to the sample area and
cattle were observed watering in the stream.

The ffiI score was intermediate-high. A large number offish (>200) were collected from 11 different
species, which is less than half the number of regionally expected species. Only two minnow and
one sunfish species were collected, which is lower than expected. Dominant species were western
mosquitofish (Gambusia affinis) and pirate perch (Aphredoderus sayanus). These two species
represented seventy five percent of the total fish collected. The diversity index was intermediate
(H=2.22). Trophic structure was balanced. No intolerant species were collected. Three benthic
invertivores from three different species were collected.
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The RBA score was intermediate; half the metrics scored in the lowest category. Eighteen taxa were
collected. Sensitive species were present, although very low in abundance: one intolerant taxa and
two EPT taxa were collected; this represents two percent of the total individuals collected. Dominant
taxa were the gastropod, Physella sp., and orthocladiinae. The diversity index was high (3.00).
Scrapers were the dominant functional-feeding group. Trophic structure was balanced to slightly
imbalanced.

Sugar Creek
The sample site was located at State Highway 300 southeast of Gilmer in Upshur County in the
upper third (9.6 km2) of the stream's watershed. 1bis site received over 25 mm ofrain during the
time the data recorder was deployed. Although the exact time significant nmoffbegan is unknown,
there was a marked increase in DO concentrations around 2030 homs, with DO 1.9±O.2prior to that
time and 2.7±O.2 afterward (Figure 3). Flow increased from 0.06 cfs before the rain to 0.13 cfs after
the rain., The site was resampled six days later. Base flow resumed and 24-hour DO concentrations
were 2.2±0.4 mg/L. Minimum DO levels (1.6 mg/L) occmred from 2300-2400 hours. 1bis site did
not meet DO standards for limited ALU based on 24-hour mean DO concentrations.

Habitat quality was limited; seven metrics scored marginal, and the rest suboptimal or optimal.
Common habitat types included large woody debris and pools, two of which were deep. Theamount
of available fish and benthic macroinvertebrate habitat were both marginal. Banks were steep and
slumping was noted. Width of vegetative cover was moderate. The stream receives nonpoint somce
nmofffrom Gilmer, including silt from rec...~t construction activity.

The IBI score was high. A large number of fish (>250) were collected from 20 different species,
seven of which were tolerant. Six minnow species and five sunfish species were collected. Dominant
species were bluegill (L. macrochirus) and longear sunfish (L. mega/otis). The diversity index was
high (H=2.72). Trophic structure was balanced. No intolerant species were coll~ted. Three benthic
invertivore species were present.

The RBA score was intermediate, apprmcimaring high. Seventeen taxa were collected. Sensitive
species were present: six intolerant taxa, including three EPT taxa, were collected; this represents
37 percent of the total individuals collected. Dominant taxa were the small squaregill mayfly, Caenis
sp., and the molluskSphaerium sp. The diversity index was high (H=3.15). Trophic structure was
balanced. Almost equal numbers of scrapers and collector-gathers were present.

Middle Caney Creek
The sample site was located at an unnamed Upshm County road north of Gilmer in the middle third
(10.9 km2) of the stream's watershed. The stream was intermittent with pools at the site. In the
upper third of the drainage, the stream was completely dry dming 1995.- DO was very low, l.o±O.6
mg/L. There was a wide fluctuation from minimum to maximum concentrations. The data recorder
was set out for 48 hours. The maximum value (2.3 mgIL) occurred at 0200 the first day and fell
steadily to 0.5 mgIL by midnight of the next day. 1bis site did not meet DO standards for limited
ALU based on either 24-hour mean or minima DO concentrations.
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Habitat was intennediate, seven metrics scored optimal or suboptimal, and three marginal or poor.
Common habitat types included root mats and pools. Two of the pools were deep. The amount of
available fish habitat was marginal, while the amount of available benthic macroinvertebmte habitat
was poor. Banks were steep and one area of slumping was observed. Width of vegetative cover was
moderate.

The mI score was intermediate. A moderate nWllm offish (149) were collected from 18 different
species. Five minnow species and six sunfish species were collected. Dominant species were
bluegill and longear sunfish. The diversity index was high (H=3.26). Trophic structure was balanced.
No intolerant species were collected. Two benthic invertivore species were present.

The RBA score was in the lower portion of the high category. Twenty taxa were collected. Sensitive
species were present: six intolerant taxa, including four EPT taxa were collected; this represents 31
percent of the total individuals collected. Dominant taxa were Enallagma sp. and broadwinged
damselfly, Hetaerina sp. The diversity index was exceptional (H=3.90). A high percentage (73%)
of predators caused the trophic structure to be imbalanced.

Lower Caney Creek
The sample site was located at Farm to Market Road 852 northwest of Gilmer in Upshur County in
the lower third (34.2 km2) of the stream's watershed. Flow was minimAl (0.03 cfs); DO was very
low, 0.7%0.5mgIL. There was a wide fluctuation from minimum to maximum concentrations. The
data recorder was set out for 48 hours. The maximum value (2.3 mgIL) occmred at 0200 hours the
first day and fell steadily to 0.4-0.5 mgIL by midnight of the next day. This site did not meet DO
standards for limited ALU based on either 24.•hoUf mean or minima DO concentrations.

Habitat was intermediate; four metrics SCQm1 optintal or suboptimal, and the rest were marginal.
There was more available benthic habitat at this site compared to upstream. Common habitat types
included pools, root mats, and large woody debris. The amount of available fish and benthic
macroinvertebrate habitat were both marginal. Banks were moderately unstable. Width of vegetative
cover was moderate.

The ffiI score was in the lower range of the high category. A moderate number of fish (> 116)
representing 16 different species were collected from lower Caney Creek. Minnow species (5) were
well represented, but only two sunfish species were collected. Dominant species were western
mosquitofish and golden shiner (Notemigonus crysoleucas). The diversity index was high (H=2.97).
No intolerant species were collected. Two benthic invertivore species were present.

The RBA score was high. Twenty-seven taxa were collected. Sensitive species were abundant: six
intolerant taxa, including five EPT taxa, were collected; this represents 55 percent of the total
individuals collected. Dominant taxa were alderf1y (Sialis sp.), and the amphipod, Hyalella azteca.
The diversity index was exceptional (H=3.84). A high percentage (58%) of predators caused the
trophic structure to be imbalanced.
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Grays Creek
The sample site was located at Harrison County Road 4011 north of Marshall in the upper third (25.9
km2

) of the stream's watershed. Flow was 0.33 cfs; 24-hour DO was 3.7:1:0.4mgIL. The lowest DO
(3.0 mgIL) occUlTedaround 0400. This site approximated limited ALU standards for both 24-hour
mean and minima DO concentrations.

Habitat quality was high; six metrics scored optimal or suboptimal, and four marginal. Common
habitat types included pools, root mats, and large woody debris. The amount of available fish habitat
was optimal, while the amount of available benthic macroinvertebrate habitat was marginal. Banks
were steep but only minor slumping was noted. Width of vegetative cover was moderate. Pools
were maintained by an active beaver colony. The presence of beaver increased the amount of water
between the banks, creating long pools and deep beaver runs.

The ml score was high. A moderate number of fish (61) were collected from 10 different species,
which is less than half the number of regionally expected species. Minnow species (1) were not well
represented, but there were five sunfish species collected. Dominant species were longear sunfish
and bluegill. The diversity index was high (H=2.62). Trophic structure was balanced. Two intolerant
species were collected: blackspotted topminnow and cypress darter. One benthic invertivore was
collected.

The RBA score was limited, eight of the 12 metrics scored in the lowest category. Thirteen taxa were
collected. Sensitive species were present: five intolerant taxa, including two EPT taxa, were
collected; this represents 25 percent of the total individuals collected. Dominant taxa were
chironominae and Ena/lagma sp. The diversity index was high (H=2.66). A high percentage (54%)
of predators caused the trophic structure to be imbalanced.

Walnut Creek
The sample site was located at Farm to Market Road 3245 near the City of Diana in Upshur County
in the middle third (34.4 km2) of the stream's watershed. Flow was 0.12 cfs; DO was 5.2%0.5 mgIL.
The sample was collected less than five days since the most recent rainfall event The lowest DO
(4.4 mgIL) occum:d between 1000-1200 homs. This site met high ALU standards for both 24-hour
mean and minima DO concentrations.

Habitat quality was intermediate; six metrics scored optimal or suboptimal, and four marginal.
Common habitat types included root mats, large woody debris, and pools. The amount of available
fish habitat was marginal, while the amount of available benthic m.acroinvertebrate habitat was
optimal. Banks were steep; one area of recent slumping was noted. Width of vegetative cover was
'wide. Beaver dams were noted nearby, but not in the immediate sample area. The sample site was
adjacent to the city's wastewater treatment plant.

The ml score was high. A moderate number (84) of fish were coll~ from 18 different species.
Four minnow species and five sunfish l;pCCieswere collected. Dominant species ~ere emerald
shiner (N. atherinoides) and longear sunfish. The diversity index was high (H=3.41). Trophic
structure was .balanced. Two intolerant species were collected: mimic shiner (N. volucellus) and
brook silverside (Labidestes sicculus). Three benthic invertivore species were present.
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The RBA score was intermediate, eight of the 12 metrics scored in the lowest category. Twenty-two
taxa were collected. ~itive species were present: eight intolerant taxa, including one EPT taxa,
were collected; this represents 26 percent of the total individuals collected. Dominant taxa were
Enallagma sp. and Caenis sp. The diversity index was high (H=2.84). A high percentage (59%) of
predators caused the trophic structure to be imbalanced.

Bear Creek
The sample site was located at Cass County Road 2620 south of Marietta in the lower third (54.9
km2) of the stream's watershed. The stream had continuous water throughout the reach; but the
water was pooled and flow was zero; 24-hour DO concentrations were O.03±0.05 mgll. This was
the lowest DO recorded during the study. Concentrations actually fell to 0.0 mgIL for an 18-hour
period. This site did not meet DO standards for limited ALU based on either 24-hour mean or
minima DO concentrations.

Habitat quality· 15 high; eight metrics scored optimal or suboptimal, and two marginal. Common
habitat types included root mats, pools, and large woody debris. The site was revisited two weeks
later and the amount of water metric declined from the suboptimal to the poor category. The stream
had become intermittent with sections of dry stream bed between isolated pools. The amount of
available fish habitat went from suboptimal to poor, while the amount of available benthic
macroinvertebrate habitat went from marginal to poor. Banks were stable; no evidence of recent
slumping was noted. Width of vegetative cover was extensive.

The IBI score was intermediate to high. A moderate number of fish (69) were collected from 13
different species. Minnow species (1) were not well represented, and only four sunfish species were
collected. Bluegill, longear sunfish, and warmouth (L. gulosus) in the 12 to I5-cm class were
collected. Grass pickerel and spotted sucker (Minytrema melanops) in the 20 to 22-cm class also
were collected. This suggests that the stream holds water over extended periods and can support fish
from one year to the next in spite of very low DO. Dominant species were small, unidentified
shiners (Notropis sp.) and bluegill. The diversity index was high (H=2.63). Trophic structure was
balanced. No intolerant species were collected. Two benthic invertivores from two different species
were collected.

The RBA score was intermediate. Sixteen taxa were collected. Sensitive species were abundant: six
intolerant taxa, including two EPT taxa, were collected; this represents 73 percent of the total
individuals collected. Dominant taxa were Sialis sp. and grass shrimp, Palaemonetes sp. The
diversity index was high (H=3.32). A high percentage (58%) of predators caused the trophic
structure to be imbalanced.

Harrison Bayou
The sample site was located at Farm to Market Road 1988 east of Marshall in Harrison County in
the upper third (6.51an2) of the stream's watershed. Flow was 0.22 cfs; instantaneous DO was 5.9
mgIL. These were measured three days after a I5-mm rainfall event. No 24-hour DO readings were
obtained due to instrument malfunction.
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Habitat quality was intermediate: seven metrics scored optimal or suboptimal, and three marginal.
Common habitat types included pools and rimes. Root mats, rock ledges, and large woody debris
were present but limited in distribution. The amount of available fish habitat was optimal, while the
amount of available benthic macroinvertebrate habitat was marginal. Banks were steeply angled; one
area of recent slumping was present. Width of vegetative cover was moderate.

The IBI score was high. A large number of fish (>350) representing 17 different species were
collected. Five minnow species and five sunfish species were collected. Dominant species were
b1ackspot shiner (N. atrocaudalis) and bullhead minnow. The diversity index was high (H=2.93).
Trophic structure was balanced. One intolerant species was collected: the blackspotted topminnow.
Two benthic invertivore species were present.

The RBA score was intermediate. Fourteen taxa were collected. Sensitive·species were present,
although low in abundance: six intolerant taxa, including three EPT tax were collected; this
represents 17 percent of the individuals collected. Dominant taxa were Caenis sp. and Enallagma
sp. The diversity index was high (2.64). A high percentage of predators (44%) of predators caused
the trophic structure to be moderately imbalanced.

Kitchens Creek
The sample site was located at Marion County Road 3406 northwest of Jefferson in the middle third
(62.4 km2)of the stream's watershed. Flow was 0.80 cfs; 24-hour 00 was 4.3±0.6 mgIL. Minimum
DO occurred between 1800-1900 hours. This site met standards for intermediate ALU based on 24-
hour mean DO concentrations.

Habitat quality was high; all metrics scored optimal or suboptimal. Common habitat types included
pools, large woody debris, ins1ream trees, and root mats. The amount of available fish habitat was
optimal, while the amount of available benthic macroinvertebrate habitat was suboptimal. Banks
were gently sloping and no evidence of any bank slumping was noted. Width of vegetative cover

was extensive.

The mI score was high. A moderate number offish (143) were collected from 22 different species,
the second highest species count collected. Minnow species (5) and sunfish species (8) were well
represented. Dominant species were juvenile shiners (Notropis sp.) and longear sunfish. The
diversity index was exceptional (H=3.61). Trophic structure was balanced. Two intolerant species
were collected: ironcolored shiner (N. chalybaeus) and brook silverside. Two benthic invertivore

species were present.

The RBA score was high; half the possible metrics scored in the highest category. Twenty-five taxa
were collected. Sensitive species were abundant: seven intolerant taxa, including five EPT taxa,
were collected; this represents 54 percent of the total individuals collected. Dominant taxa were
Enallagma sp. and the dragonfly, Macromia sp' The diversity index was exceptional (H=4.02). A
high percentage (62%) of predators caused the trophic structure to be imbalanced.
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Haggerty Creek
The sample site was located at Harrison County Road 2108 (peter's Chapel Road) northeast of
Marshal! in the lower third (72.0 km2 ) of the stream's watershed. Flow was zero and the stream was
intermittent; 24-hour DO was 2.0±1.6 mgIL. A rainfall event ocr.urred while the data recorder was
deployed. DO went from 0.0 to over 6.0 mg/L in the space of two hours, but dropped steadily
thereafter (Figure 2). This site did not meet standards for limited J~U based on either 24~hour mean
ormWWmaDOcon~ntratiom.

Habitat quality was high; seven metrics scored optimal or suboptimal, and three marginal or poor.
Common habitat types included isolated pools, large woody debris, and root mats. The amount of
available fish and benthic macroinvertebrate habitat were both suboptimal. Banks were steep in
places and some recent slumping was noted. Width of vegetative cover was extensive.

The IBI score WES high. A moderate number of fish (89) were collected from 17 different species.
Three minnow species and six sunfish species were collected. Dominant species were longear
sunfish and golden shiner. The diversity index was high (H=2.96). Trophic structure was balanced.
Two intolerant species were collected: dusky darter (Percina sciera) and Texas logperch (P.
carbonaria). Three benthic invertivore species were present

The RBA score was intermediate. Fourteen taxa were collected. Sensitive species were abundant:
seven intolerant taxa, including two EPT taxa were collected; this represents 64 percent of the total
individuals collected. Dominant taxa were Ancyronyx sp. and the amphipod, Gammarus sp. The
diversity index was high (3.28). A high per~tage (49«'.10)of predators caused the trophic structure
to be moderately imbalanced.

Upper Black Bayou
The sample site was located at Farm to Market Road 2791 west of Atlanta in Cass County in the
upper third (31.6 km2) of the stream's watershed. Flow was 0.29 cfs; 24-hour DO was 1.8±O.6mg/L.
The sample was collected within two days of a rainfall event Two bank fishermen were at the site.
This site did not meet standards for limited ALU based on 24-hour mean DO concentrations ..

Habitat quality was in the upper end of the intermediate range; eight metrics scored optimal or
suboptimal, two marginal or poor. Common habitat types included large, deep beaver pools. Large
woody debris and root mats were present, but limited in distribution. The amount of available fish
habitat was optimal, while the amount of available benthic macroinvertebrate habitat was poor.
Banks were gently sloping and stable. Width of vegetative cover was extensive.

The IBI score was intermediate to high. A moderate number of fish (99) were collected from 13
different species. lbree minnow and five sunfish species were collected. Dominant species were
golden shiner and western mosquitofish. The diversity index was high (H=3.18). Trophic structure
was balanced. One intolerant species was collected, the b1ackspotted topminnow. One benthic
invertivore was present ..
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The RBA score was limited; seven of the 12 metries scored in the lowest ca\~ :,~ry. lbirteen taxa
were collected. Sensitive species were abundant: six intolerant taxa, including one EPT taxa, were
collected; this represents 56 percent of the total individuals collected. Dominant taxa were th~
whirligig beede, Dineutus sp.; the water scorpion, Ranatra sp.; and chironominae. The diversity
index was high (3.18). A high percentage (63%) of predators caused the trophic stJUcture to be
imbalanced.

Frazier Creek
This is an ecoregion reference site for the south central plains ecoregion. The sample site was
located at US Highway 59 northeast of Linden in Cass County in the upper third (112 km2

) of the
stream's watershed. In the 1995 survey, flow was 0.02 cfs; 24-hour DO was 2.0±0.6 mg/L. In the
1996 survey, flow was 2.7 cfs; 24-hour DO was 5.7±O.3 mg/L. This site did not meet standards for
limited ALU in 1995 based on DO minima concentrations. However in 1996, the same site meet
DO standards for high ALU based on 24-hour mean and minima DO concentrations.

Habitat quality was high; eight metrics scored optimal or suboptimal, and two marginal or poor.
Common habitat types in 1995 included pools and large woody debris. Root mats were present, but
were mostly exposed during summer 1995. The amount of available fish and benthic
macroinvertebrate was suboptimal. Banks were steep and one area of minor slumping was noted.
Width of vegetative cover was extensive.

The IBI score was intermediate to high in 1995 and high in 1996. For the respective years, the
number of individuals collected was moderate (108) versus high (220); 17 versus 15 species were
collected. From 1995 to 1996, the number of minnow species ranged from five to four; sunfish
species from six to three. Dominant species in 1995 were western mosquitofish and longear sunfish.
Dominant species in 1996 were emerald shiner and longear sunfish. The diversity index was
exceptional (H=3.52) in 1995, while intermediate (H= 1.56) in 1996. The reason for the lower score
in 1996 was the majority of individuals came from one specie, the emerald shiner. Trophic structure
was balanced in 1995 versus ~lightly imbalanced in 1996. One intolerant species, the dusky darter,
was collected in 1995; two intolerant species, the dusky darter and b1ackspotted topminnow, were
collected in 1996. Three benthic invertivore species were present in 1995 versus four in 1996.

The RBA score was intermediate in 1995 and high in 1996. For the respective years, the number of
taxa collected was 16 versus 20. Sensitive species were. abundant: eight intolerant taxa were
collected both years, representing 89 and 51 percent of the total individuals collected, respectively.
Dominant taxa in 1995 was Ancyronyx sp. Dominant taxa in 1996 was the caddisfly I

Cheumatopsyche sp. The diversity index was high both years (H=2.60-3.30). Collector-gatherers
were the dominant functional-feeding group in 1995-96. Trophic structure was balanced both years.

Jim's Bayou
The sample site was located at Cass County Road 1775 northeast of Jefferson in the middle third
(86.0 km2) of the stream's watershed. Flow was 0.26 cfs; 24-hour DO was 3.1 ±O.1. DO was stable
as indicated by the low standard deviation. This site met standards for limited ALU based on 24-
hour mean and minima DO concentrations.
Habitat quality was high; nine metries scored optimal or suboptimal, and one marginal. Common
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habitat types included pools, large woody debris, root mats, and instream cypress trees. The amount
of available fish and benthic macroinvertebrate habitat was optimal. Bank slopes were slight and no
~lumping was noted. Width of vegetative cover was extensive.

The IBI score was high. A Moderate number offish (182) were collected from 18 species. Four
minnow and five sunfish species were collected. Dominant species were bluegill and emerald shiner.
The diversity index was high (H=2.81). Trophic structure was balanced. Three intolerant species
were collected: ironcolored shiner, brook silverside, and blackside darter (Percina maculata). Two
benthic invertivore species were present.

The RBA score was high. Twenty-four taxa were collected. Sensitive species were abundant: ten
intolerant taxa, including five EPT taxa, were collected; this represents 74 percent of the total
individuals collected. Dominant taxa were Ancyrony.x sp. and Sia/is sp. The diversity index was
high, approaching exceptional (H=3.49). Collector-gatherers were the dominant functional-feeding
group. Trophic structure was balanced to slightly imbalanced.

Lower Black Bayou
The sample site was locate(f at Cass County Road 4659 southeast of Atlanta in the lower third (250
lcm:Z)of the stream's watershed. Flow was zero and the stream was intennittent with pools; 24-hour
DO was 2.7±1.0 mgIL. The DO minimum (1.1 mgIL) occurred at 1000 hour. This site did not meet
standards for limited ALU based on DO mean or minima concentrations.

Habitat quality was limited; five metrics scored optimal or suboptimal, and five marginal or poor.
The site was sampled during an extended period of dry weather. The water level was the lowest
observed since 1990, when this site was established as a routine water quality monitoring station.
Habitat were limited to two pools. The amount of available fish and benthic macroinvertebrate
habitat was poor. Two weeks after the sample event one of these pools had gone completely dry, and
the other had decreased to half its original size. Banks were stable and there was no evidence of
slumping. Width of vegetative cover was extensive.

The mI score was high. A large number offish (284) were collected from 24 species. This was the
most species that were collected during the study, primarily attributed to the fact that fish were
unable to avoid the sampling gear in the isolated pools, allowing for a more through sample. Three
minnow and eight sunfish species were collected. Sunfishes, yellow bullhead (Amerius nata/is), and
grass pickerel in the 15 to 25-cm class were numerous, indicating that the stream probably had
maintained water for several years. Dominant species were grass pickerel and wannouth. The
diversity index was exceptional (H=3.75). Trophic structure was slightly imbalanced due to the large
percentage (34%) ofpiscivores. Two benthic invertivore species were also collected. Two intolerant
species, brook silverside and blackspotted topminnow, were collected.

The RBA score was intermediate. Twenty-five taXawere collected. Sensitive species were present:
eight intolerant taxa, including one EPT taxa, were collected; this represents 26 percent of the total
individuals collected. Dominant taxa were the dragonfly, Tetragoneuria sp.; the snail Somatogyrus
sp.; and predaceous diving beetle, Hydroporus sp. The diversity index was high (H=3.32). A high
percentage (63%) of predators caused the trophic composition to be imbalanced.
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Upper LiUle Cypress Creek
The sample site was located at Farm to Market Road 852 in Upshur County in the upper third (80.5
km2) of the stream's watershed. Flow was 1.6 cfs; 24-hour DO was 4.9±0.2 mgIL. This site
approximated high ALU standards based on 24-hour mean and minima DO concentrations.

Habitat quality was higl1;eight l1ietrics scored optimal or suboptimal, and two marginal. Common
habitat types included root mats, pools, well developed bends, undercut banks, and large woody
debris. The amount of available fish habitat was optimal, while the amount of available benthic
macroinvertebrate habitat was suboptimal. Banks were steep in many places and two minor areas
of slumping were noted. There were several dairies in the area.

The ml score was high. A moderate numbers offish (101) were collected from 21 species. Four
minnow and seven sunfish species were collected. Dominant species were bluegill and longear
sunfish. The diversity index was high (H=3.32). Trophic structure was balanced. One intolerant
species, the dusky darter, ~ collected. Three benthic invertivore species were present.

The RBA score was intermediate: Fifteen taxa were collected. Sensitive species.were present: eight
intolerant taxa, including two EPT taxa, were collected; this represents 36 percent of the individuals
collected. Dominant taxa were Enallagma sp. and the rime beetle, Stenelmis sp. The diversity
index was high (H=3.21). A high percentage (66%) of predators caused the trophic structure to be
imbalanced.

Big Cypress Creek
The sample site was located at US Highway 259 southeast of Lone Star in Morris County in the
middle third (1748 km2) of the stream's drainage. Flow was estimated to be 12 cfs; instantaneous
DO was 6.2 mg/L. These were measured within five days of a rainfall event.

Habitat data were not collected, since the stream is non-wadable stream and greater than third order.
No benthic samples were collected.

The mI score was high. A large number offish (285) were collected from 17 species. Three minnow
and five sunfish species were collected. Dominant species were blackstripe topminnow, Fundulus
notatus, and threadfin shad, Dorosoma petenense. The diversity index was high (H=3.22). Trophic
structure was slightly imbalanced due to a high percentage (13%) of omnivores and a lower than
usual percentage (58%) ofinvertivores. Two intolerant species, brook silverside and cypress darter,
were collected. Two benthic invertivore species were collected.

Lower Little Cypress Bayou
The sample site was located at Farm to Market Road 134 in Marion County in the lower third (1906
km2) of the stream's watershed. Flow was 12 cfs; 24-hour DO was 4.0±0.2 mgIL. These were
measured within five days of a rainfall event This site appro,cimSltedthe intermediate ALU standards
based on 24-hour mean and minima DO concentrations.

Habitat data were not collected because the stream is greater than third order and non-wadable.
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The ffiI score was high. A moderate nwnbers of fish (98) were collected from 19 species. Three
minnow and four sunfish species were collected. Emerald shiners were the dominant species
collected. The diversity index was high (H=3.40). Trophic structure was balanced. Three intolerant
species, brook silverside, dusky darter, and logperch (Percintl caprodes), were collected. An
abundance of benthic invertivores species (4) and individuals were present.

The RBA score was at the upper portion of the high range. Twenty-three taxa were collected and
identified. Sensitive species were abundant: thirteen intolerant taxa, including 10 EPT taxa, were
collected. This represents 64 percent of the total individuals collected. The dominant taxa were
Stenelmis 5l" and Gammarus sp. The diversity index was high (H=3.21). Collector-gatherers were
the dominant functional-feeding group. Trophic structure was balanced to slightly imbalanced.

SUMMARY

DISSOLVED OXYGEN AND FLOW VERSUS AQUATIC LIFE USE
.No observable relationship was identified between ALU scores and instantaneous DO concentrations
(Figure 6), or ALU scores and flow (Figure 7). Twenty-four hour DO conc:ntrations were recorded
at 15 randomly selected sites. DO criteria were met or approximated the following ALU
subcategories: eleven limited, two intermediate, and two high. ALU subcategories based on
biological data did not correspond to ALU subcategories based on DO concentrations. Of the 11 sites
which met or approxjm~ted limited DO concentrations, the IBI scored two as intermediate, three as
intermediate to high, and six as high. The RBA scores for the same sites were two limited, six
intermediate, and three high. The year to year variability in DO concentrations and' ALU
subcategories is evident at the reference site, Frazier Creek. In 1995, Frazier Creek met minimal 24-
hr DO criteria (2.0 mg/l) and had an intermediate-high IBI and intermediate RBA score. In 1996,
Frazier Creek exceeded the high DO Criteria (5.0 mgll) and had high IBI and RBA scores. The data
suggests that the differences in flow, 0.02 cfs in 1995, and 2.7 cfs in 1996, may have played a role
in influencing the biological results.
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Figure 6. ~tbic and fish community index scores vs dissolved oxygen levels.

8

7
Emeptional

0

6 3:> • g. e •• e •

i 5 •• • • • • High S
!- :J

114 • <>f/1
0 0 :50(1) 000<> <> <> <>

I) Int8r1nelII* ~
3 ::lI

n 0 ~
C 0

2 <> <>
0

1 0
0 0 0

0 0
0 DO

0 0 • IBI
0 <> RBA

0 30 60 90 120 150 180 210 240 270
DraInage Area (IqUIInt km)

20

l' I

1

i ;
! i exceptional
! ! !1. i i !

• !

i • ..'. CPI • a i a • iIi
14 !

I • a,
I

I • i
i I I

\-- i I' I

12 i ! • i· ·-1 high
! i I

10 f' i

~
lee> °to II' 0 10 0 0 ! :;)

! I I :S• i j

I I
•••• I ~

I int8rmedlate

~
i (), i t j ! i ill

u: I i
, .t: I

4 i 0 0 !

• I i
,

I • j- I
2 i i ! IknIt8d

i I i i -I •• .! • -I· I

0 i~ • - - i,.
. I

I

JI III I -l ~ j- IItlJ i
If FLOW

• 181
I:LI 0 RBA

E

STREAM

'iloft 1.BeJ1thic andfish conununity index SCGt'eS vs summer flow.

30

i••• :0'

f

\.
t

~.
i.
~.
?



Figure 8. ffiI scores from electrofisher and seine (both) combined versus electrofisher (electro)
only. Sites are ranked from smaller to larger subwatersheds.
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FISH
Fifty-five species were collected during the study (Appendix D); 16 of which were collected at half
of the sites. A list of regionally expected species collected at sites with high IBI scores is presented
in Appendix H. The most common families represented were Centrarchidae and Cyprinidae. Seven
species of sunfishes and five species of shiners were present at a majority of the sites. Several
intolerant species were collected throughout the basin: b1ackspotted topminnow, brook silverside,
dusky darter, and cypm;s darter. The following are proposed attributes for species richness within
the Cypress Cleek basin: limited (10, intermediate 10-14, high 15-20, exceptional ~21. Trophic
structure was hal~,ed at most sites throughout the basin. Individual metrics that scored high at all
sites included total number of species; number of sunfish species; percent individuals as omnivores;
percent individuals as piscivores; and percent individuals as hybrids. IBI scores ranged from
intermediate (2 sites), inte1imediate-high (6 sites), to high (12 sites). IBI scores generally increased
as watershed ,size increased. Variability at a site is pointed out by the change in the scores at Frazier
Creek, which went from intermediate-high in 1995 to high in 1996.

IBI scores with and without seine data included were compared for each site (Appendices E and F;
Figure 8). There was a highly significant difference (paired t-test 1><0.01)between the two sets of
scores. The average IBI score for electrofisher plus seine data was high, compared to intermediate
when only electrofisher data were considered. On a station by station basis, electrofisher and seine
data combinedrefleoted a higher ALU category in five of 20 cases. The biggest ~ces in scores
related to metrics dealing with number of darter' species and number of individuals, followed by
total species and percent insectivores. Shiners, darters, silvcrsides, arid mosquitofish were more
likely to be captured by seining (Appendix G).
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Stream Name

Figure 9. Benthic versus fish community aquatic life use scores for 19 streams.
Streams listed in increasing drainage area (km2) size.

• IBI
<> RBA

ElcceptianaI

• •0 • " • p• 8'8 8 -e 8
HIgh ~

• • • • • 0=.!!
III

0 ~a 0 OJ 00 0 0 <> 0
Gl1I.tlwm'*,' IIJ::»
~
0

<> 0 ~ ii:s
~

BENTHIC MACROINVERTEBRATES
Eight-one taxa were collected dming the study, 10 of which were collected at half of the sites
(Appendix I). RBA scores ranged from limited (3 sites) to high (6 sites), with the majority (10 sites)
in the intermediate category (Appendix J). In general, total taxa richness was relatively high
throughout the basin. Sensitive species were present at all site; they generally increased in abundance
as waterShed size increased. The number of EPT taxa were not well represented, except at a
relatively few sites. The ratio of intolerant to tolerant individuals generally was poor. A high
percentage of predators at most sites caused trophic structure to be imbalanced and lowered overall
RBA scores. Thr~ families of odonates were CODlJIlon:Aeshnidae, Coenagrionidae, and
Gomphidae. Other common insect taxa included Sialidae, Dytiscidae, Elmidae, and Cbironomidae.
Among n~-inseot taxa, Cambaridae and Palaemonidae were common.

EAST TEXAS HABITAT ASSESSMENT (ETHA)
ETIIA scores ranged from limited to high (Appendix C). The ecoregion reference site at Frazier
Creek scored high. One purpose of having a reference site is to compares scores from other sites
to the reference. Thirteen of 16 sites surveyed had scores comparable or supportive (~ 72 percent)
to that for Frazier Creek. Habitat scores for Coon Creek, Sugar Creek, and lower Black Bayou were
not supporting (~58 percent), or only partially supportive (~ 58 to ~72 percent)ofthe reference site.
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IBI and RBA scores were compared for each site (Figure 9), and there was a highly significant
difference (paired t-test P<O.OI). The average ffiI score was high, while the average RBA score was
intermediate (Figure 9). On a station by station basis, the ffiI scored one ALU category higher than
the RBA in eight of 19 instances, while the RBA scored higher than the IBI only one time.



CONCLUSIONS

DISSOLVED OXYGEN CONCENTRATION
Several factors are important in evaluating instream DO concentrations for standards compliance
including subwatershed size, recent rainfall, and season. Based on data from the present study,
drainage area had a moderate influence on flow. Flow volume in turn, affects dissolved oxygen
concentrations, although the two were not statistically correlated in the streams sampled for this
study. In the East Texas streams surveyed, dissolved oxygen did not seen to be a limiting factor for
fish or benthic communities. This finding does not conform to the standards for DO and aquaac life
use as published in the state's surface water quality standards. Based on numerical DO criteria, even
limited ALU was not being met at many streams within the basin. Aquatic communities within the
Cypress Creek basin have apparently adapted to withstand low flow and high stress associated during
normal summer conditions. Although decreased growth, increased disease, predatio~ and some
mortality may occur during low-flow periods, fish communities in many different sized streams
throughout the basin appear to survive until conditions improve and, in general, a high aquatic life
use is maintained. The streamS surveyed in the Cypress Creek basin are typical of similar sized
streamS in surrounding river basins.

Standards for dissolved oxygen may be unattainable for a majority of streams within the basin due
to seasonal low flow, high temperature, and natural oxygen demanding conditions. If standards are
not being met because elfnaturally occurring conditions, this sh.ould not be considered a violation
of standards. However, it does supports the argument for setting regional, as well as seasonal DO
criteria. Dissolved oxygen criteria were d~igned to be protective of health and growth of sports
fishes. This mayor may not approximate the current practice oflrti1i7.ing biological metrics (species
richness and compositio~ trophic composition, abundance, and condition) to determine aquatic life
use and DO standards. The water quality standards program is cmrently investigating the de-coupling
of the standard default aquatic life use and dissolved oxygen concentrations in East Texas streams.

GEAR COMPARISONS
Electrof'!i;hingproved to be the best technique for collecting fish from East Texas streams, although
it appeared selective against collecting certain species, particularly minnows, darters, silversides,
and mosquitofish. When seining and electrofishing results were combined, mI scores increased due
to higher metric scores for number of darter species, number of individuals, and total number of
species, as well as an increase in the percent insectivores. Combined data therefore appears to give
the best representation of overall :fish community and characteristics .

. METRIC COMPARISONS
Differences in aquatic life use classifications indicated by fish and benthic macroinvertebrate
communities were interesting and somewhat unexpected. There are several explanations. Most of
the sites where benthic macroinvertebrates were collected did not have riftlelrun type habitats.
Rimes are not common in most East Texas streamS. Runs are common; but since samples were
collected during the dry seaso~ even this habitat type was scarce. Samples were collected from the
most stable benthic habitat available, which at many sites included root mats located along stream
banks. As a result, taxa generally associated with such habitat (eg. dragonflies, crayfish, and grass
shrimp) commonly were collected. The proposed RBA metrics were designed for benthic
communities from riftlelnm habitats, so sampling a different habitat type may have been partially
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responsible for reduced scores. It is also possible that benthic organisms are more sensitive to low
DO concentrations than are fish, and lower overall scores for the RBA versus the IBI may reflect
this. Since benthic conummities are nonmobile, they integrate all conditions, including drought, into
their aquatic life use designation. Fish are more mobile than aquatic insects, and they are able to
move into remaining pool habitats as drought conditions worsen and survive there until conditions
improve. Because the chance of avoiding capture in isolated pools is reduced, a more complete
sample of the fish community normally is obtained during drought conditions. Coefficient of
variation (CV) can be used to measure variability from two unrelated groups of numbers, or in this
case, mean ALU values from across the Cypress Creek basin. The CV for the benthic
macroinvertebrate data was over three times that for the fish data. The CV for habitat data was
similar to that of benthic macroinvertebrates data.

Fish and benthic macroinvertebrate data may give slightly different ALU indications, but both are
important. It should not be expected that ALU designations for fish and benthic macroinvertebrates
agree in all cases. When attempting to classify a dynamic ecosystem such as a stream into one of
four categories, a risk of oversimplification exists. Since most biological surveys are limited spatially
and temporally, it is best to include as much information as possible in an ALU determination. Both
fish and benthic macroinvertebrates should be part of any biological assessment. The ideal situation
would be to collect both types of information over multiple years; average the ALU for fish and
benthic macroinvertebrates separately; and if different, protect for the higher of the two aquatic life
uses.

INDEX OF BIOTIC INTEGRITY
Despite low flow and low dissolved oxygen concentrations, the majority of the streams sampled had
aquatic life uses equal to or greater than high. Six of 12 mI metrics scored high at every sample site.
These included total number of species, number of sunfish species, percent omnivores, percent
piscivores, percent hybrids, and percent of individuals with defects. Resolution between sites is lost
when so many individual metrics consistently score high. A metric dealing with the number of
minnow species would be useful in this part of the state. The metric dealing with percent hybrids is
difficult to evaluate, since it requires interpretation of sometimes vague physical characteristics. It
is suggested that some modification to scoring criteria for individual metrics be considered on a
regional basis.

EAST TEXAS HABITAT ASSESSMENT
'Ibis study provides a preliminary survey of metrics that may be suitable for low-gradient streams.
However, there were not enough sites with clear differences between individual metric scores to
evaluate whether differences between aquatic communities could be correlated to habitat. EPA bas
developed a set of metries for low-gradient streams that eliminAted one of the metrics,
embeddedness, which caused many East Texas streams to score poorly in the rime-run habitat
assessment. The new habitat assessment for low-gradient streams (Barbour and Stribling, 1991)
needs to be verified in a variety of geographical areas to determine if differences in habitat scores
.can predict differences in mI and RBA scores.

ECOREGION REFERENCE SITES
One useful result of this study that included a lot of new sample sites is that potential new ecoregion
reference sites were identified. Frazier Creek and the East Fork Angelina River are current reference
sites in the South Central Plains ecoregion. Both support diverse biological communities, have
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balanced trophic structure, and support intolerant species. Little Cypress Bayou, Jim's Bayou, and
Kitchens Creek had habitat, fish; and benthic macroinvertebrate scores similar to Frazier Creek.
Least impacted reference sites should represent realistic, attainable conditions for aquatic ecosystems
(Omemik, 1995). As more reference streams are surveyed within an ecoregion, the better
understanding there is of the potential aquatic life communities therein.
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