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ENVIRONMENTAL M ONITORING

LOWER NECHES RIVER

Conducted by T he Academy of Natural Sciences

Sponsared by Jefferson County Waterway & Navigation District, Lower Neches Valley Authority, ExxonMobil, and DuPont




Tue NECHES RIVER is more than 400 miles long, extending from near Canton, Texas southeastward to Sabine Lake. Totaling rmore
than 10,000 square miles, the Neches River and its tributaries flow through many miles of picturesque forests including the Big Thicket
National Preserve. These heavily wooded areas are one of the sources of naturally occurring organic materials, which, at times, gives
the Neches River its distinctive “tea” color, Two large reservoirs, Sam Rayburn and B. A, Steinhagen (Darn "B“), are used 1o collact and
store water as it enters the basin. These reservoirs provide a reliable saurce of fresh water ta the many communities, farms, and
industries served by the Lower Neches Yalley Authority (LNVA). The Neches River also sustains the ragion’s deepwater shin channel, the
Sabine-Meches Waterway, maintained locally by jefferson County Waterway & Mavigation District,

For over 50 years independent academic and scientific mstitutians have conducted pericdic monitoring stucies of the lower Neches
estuary. During October 2003, the Patrick Center for Environmental Research of The Academy of Natural Sciences compieted the sixth
in a series of biological and water quality surveys. Previous studies were performed in 1953, 1956, 1960, 1973 and 1996. For over haif

a century Patrick Center scientists have been using state-of-the-art violegical and chemical surveys to assess watar quality n & wide
range of rivers, lakes and strearms around the waorld.

I addition to the Academy river surveys, research scientists from Lamar University have also conducted an
ongoing series of complementary hiological studies of the Meches River. Lamar's close proximity affords a
unigue opportunity to monitor seasonal changes in water gualiy aver an extendad periad of tima,

LNVA, Jefferson County Waterway & Navigation District, ExxonMobil and DuPont jointly
sponsored the most recent river survay. The sturdy was designed (o assess the general
“health” of the river by taking water quality measuremants, and sampling the
attached algae, macroinvertebrate and fish communities, IWany levels of the i
aquatic food web are studied because no single group can reliaoly indicate
the condition of an ecosystem,

Four sampling zones were surveyed: three exposad to influencas
frorn various municipal and industrial discharges along the lower
Meches River (Statiofs 2, 3 and 4) and one reference
station upriver {(Station 1),

{Ledt): Driginating In Yan Zondt Caunty and flowing
through the waods of east Texas. the Heches River
walershed extends over 400 miles, emptying inta

Sabine Lake. The hold ling on the lower porion of

he watérshed map near B ant indicates the
Academy’s 2003 lower Meches River study area
{below).
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Alove: Wiusleation of the State of Texas cowstesy Ray Sterner, Johins Hophins Universily Appiied Piysics Laberatory, Gover: (topl: Academy antl LHUA staff wsing a 20° seine net to eollect small fish along the shoreline
at Station 2. (bottom, lefl 1o right): female blue crah gearding her eyys, the spongy mass altached to her abdoman; female least killifish, arare fish spacies in the tower Heches; and three large white shimp.
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Academy Surveys i
< ¥ Surveys Iustration of key histaric milastonss in the development of the natural resources wilhin the fawer Meches watershed. Comprehensive

© Lamar University Sunéys envirsnmental moniloring studies, conducted since the early 1850¢ by the Academy and Lamar Universily. have grovided [nvaluasle
ssientilic data for water resource planaing and environmental stewardship throughout the region.

Chemistry

Meny basic water quality parameters were measured and water samples collected and analyzed for nutrients, certain metals and arganic
compeunds. Salinity generally increased with depth at Stations 2-4, indicating limited water column mixing throughout the downstream
portion of the study area. Dissolved oxygen (D0) concentrations throughout the water column wese generally favorable at all stations, with the
majority exceeding Texas Comemission an Environmental Quality (TCEQ) water quality crizeria, demonstrating sufficient levels exist for aquatic
organisms 1o live and repraduce. At Stations 2-4, bottom DO values decreased to near zero, Low DO concentrations near the river bed ara
cammanly found in estuarine mixing zones. Microbial aclivity, in conjunction with limited mixing throughoul the water colummn, can deplete
the available DO near the bettom.

hitragen, phosphorus and fecal coliform valies are commonly used as indicators of human and agricultural activities. All nutrient forms of
nitrogen and phosphorus measured were below TCEQ water quality screening leve's. Fecal coliform counts however, did exceed the screening
levelin 10 of 16 samples, most likely due 1o increased runoff from a large storm event prior 1o the field sampling. Concentrations of all metals
tested were low and below the tidal screening levels, and concentrations of selected organics in the surface water sampias were sither
undetactable or at low levels above the detection fimit, Overall, the 2003 lower Neches River caemistry stuay, as in 1996, revealad stabis ar
slightly improved water quality over the past 20 years,

The lower Meches River and esluary contain a wide variely ol ayuatic habitals, from open vater to complex
marsh ecosystems. Marsh edges, fike that belng sampled by Academy lield bislagist Judy Bouchard (right),
tontaln aumerous macrainvertebrates (upper vight) and fish that rely on this habitat to live and reproduce.
The histaric biological surveys conducled by he Academy and Lamar University evaluate many levels of the
lower Heches River food web and are a valuable lool used ig assess the “heallh" of the river,

Photas by Tim Hightangale (upper right) and Rager Thomas




Algae

Algae form the base of the aquatic food chain in
rivers, lakes and oceans. Thay use the sun’s BNEgY
during phatosynthesis to graw, providing food and
oxyuen for many larger organisms. Some forms of
algae attach to vegetation and sediments located
alang the banks of rivers and streams, areas that are
constantly exposed to environmental change. Their
ability to colonize a wide variety of habilals makes
them ideal for monitoring the heaith of aquatic
ecosystems. Algae and diatoms {algae with silica
shells} serve as living biological indicators of the
ecological conditian of streams, lakes and rivers,

samplas of attached algae and diatoms were
collected by hand fram many different habitats
such as mud and sand shorefines, aguatic plants
and hard substrates like submerged tree roots.
Changes in the numbers of algal species al each site,
thair refalive abundance and comimunity dominance
fwhether there's a halance of differen: spedias or the
community is dominated by just a few types), have
been used to evailuate water quality on the lower
Neches for the past 50 years,

The 2003 results indicate a more
balanced aloal community, with
the presence of more
diatoms than blue-
green algae, and
generally
decreased
amounts of
aigae
throughaout
the sturdy
area com-
parad with
the earlier
1953 and
1973 zurvevs,

1953 1873 1996 2003

. e . 9y ; Survey Year
(Upner right): Frank Acker collecting algae along the shareline at Siation 3. _ ¥
Diatoms and alyae {middle and fower lal), reprasenting some of he smaller The graph shous the relationship between blue-green algae and diatoms coltacied at
forms af life found in lhe lower Meches, have been used by Aeademy scientists Stations 2-8 during the lour lower Neches river surveys. The change in dominance
1o evaluate water quality in streams, takes and rivars atound the woeld, (wilh an equal or greater proportion of diatems in 1996 and 2003) refiests the

Phatas by Frank Acker, Ron Mahaney and Dwain Gox (1. to r.) increased water quality throughout the sludly area singe the eastier surveys.




Macroinvertebrates

Macroinvertebrates (shrimp, dlarns, snails, aguatic insecrs,
ete.) generally provide the link in the aquatic food chain

between algae and animals that occupy higher feeding Gt
levels, like fish, Their limited mobility, relatively fong iife
spans of some species and responses to a wide range of

Numbers of Macroinvertebrate Species

~=Insects == Non-Insects

environmental conditions make them effective in ronitoring 4t

lang-term change. The growth and reproduction of many 30

types are a direct reflection of changes in water quality. -

Same macroinvertebrates, fike shrimp and biue crabs, are

also vital to people wha five and work along the Texas Gull 1o

Coast. During 2003, nearly 1 million pounds of blue crabs 0

were harvested from the Sabine Lake system, with a 1353 1973 1996 2003
tockside value in excess of six hundred thousand dollars, Survey Year

All available habitats were sampled to characterize the The hart itlustrates the continued ingrease in the aumbers of insect and non-insert

macroinveriabrate specias collected over time curing the Avadeny's four comprehensive

macroirvertebrate community within each of the four Stuay fower Heches River surveys. As water quality improves, macroinverishrate diversily

sites. Important considerations for the macroinvertetirates increases hut the nuinber of insect specias can decting when salioilies get higher. as
inciuded the number and relative abundance of species and during the 1896 survey. Non-insecl macrainvertebrates become mare numergus 2
their habizats and distributions v within the estuary, salinities insrease, displacing aquatic insects along the river boltem.

Macroinvertebrates can be divided into insect and non-insect groups. Insects dominate freshwater environments and becoma
less diverse when salinity sncreases, while non-insects are comrmaon in both fresh and saline waters, Mollusks {clams, snails, ate.),
Crustaceans {shrimp, crayfish, otc.) and leeches are the dominant freshwater non-insect macroinvertebrate groups. Polychaete
worms (clam worms, et and a very diverse crustacean assembiage (crabs, barnacles, etc.) are ~ore comman in saling waters,
During surveys with higher annual river discharges {e.g., 1373 and 2003} conditions are favorable for freshwater macroinvertebratas o
miove further downriver, In dijer years (e.g., 1996), bacause of the greater influsnce of tidal cycles, conditions favar macroinvertebrates
that prefer higher salinities.

Compared 10 the 1996 survey, roughly similar numbers of non-insect species and a greater
number of insact species wers collectad at each station in 2003, The higher parcentage of
insects is comparable to the results of the 1973 survey, conducted under somilar
annual river discharge patlemns. However, in 2003, more than twice as many

insect and non-insect species were recorded at the downriver p
Stations 2 through 4, and from : |
all stations combined, than in
1973 These increases in diversily
are consistent with the Neches
River studies conducted under
the direction of Or. Richard ¢.
Harrel, Lamar University, which
showed an improvement in
water quaiity in the lower
Nechas River betweer his 1971-
1972 and 1999 studias,

Dr. Raymond W. Bouchard sarling
macrainvertebrales from Station 3.
Sheinp and southermn maplelea
Ireshwaler mussels represent twa of the
many macrsinvertearate groups common
{broughout the lower Heches, an area
whare frash water flowing downriver
eventually mixes with salt water from
the Gulf of Mexico,

Photos (clockwise from upper right} by
Duwrain Cox, Or. Raymond W, 8ouchard
and Roger L. Thomas




Fish

Fish occupy a wide range of trophic levels, including
herbivores {e.g.. menhaden which feed on ohyte-
plankton), inveriebrate-fesders {including many
bottom fishes), end tap oradators. dlany species
are recreationally and commaerdially importans,
particularly in southeast Texas, where fishing
pronides family recreation and is an integral part
of the local economy.

The Academy fisharies studies document the numbers
and kinds of fish that are found in the ranga of
habitats in the study area, induding desper channels,
sand beaches and muddy backwaters, The numbers
and diversity of fish are key indicators of the
amount and quality of food available, accessible
habitats and water quality.

Fish were sampled using a trawl and a variety

of seire and dip nets. A total of 51 spacies was
coflected in 2003 using all techniques, reflacting the
salinity gradient throughout the study area, with
freshwater species {a.q., some minnows and channel
catiish) relatively common at Station 1,
and a number of estuarine species (e.q.,
quif menhaden, saiffin mally and bay whiff}
found only at Station 4. Juveniies of many
important commercial and recreational
species, including spot, Atlantic croaker,
spatted and sand seatrouts, channel and
biue catfish, and spotted bass, were

also noted,

Academy and LNVA stalf removing fish ram a 20° seine nat {above}
amd collecling lish at Station 3 using a hotlam fraw! {left).
Phoios by Owain Cox

Forty-seven species were recorded from various shalfow water habitats by seining, with the main specas including bay anchowy, sand seatrout
and tidewater siverside. Mine species were collected by trawding, with sand seatrout ard bay anchevy being most commaon, As in the seine
samplas, the trawl catches reflected increesed salinity from Stations 1 through: 4, with two species [channel catfish ard hogehoker) found
only at Station 1 and two species (hardhead catfish and darter goby} caught anly at Station 4. Numbers of voung fish were trawled both in
ceep and in relatively shallow waters indicating that tha area serves as a nursery ground for a variety of fish spacies,

One of the highlights of the 2003
fisheries survey was the collection of &
least killifish at Station 3. Least killifish
(left) grow to aporoximately 114 inches
and are common in the Gulf Coastal i
Plain from southern Morth Caroiina to
Louisiana, but rare alony the western
Guif coast. The collection in the Neches
River may reprasent the westernmast
record for the species.

Thoty ¢ Aegar Theitas

The number of species recorged during the 2003 fisheries survey equaled the 1996 study, The number at each station was greater in 2003
than in 1973 at all stations: Station 1 {32 vs, 22 species), Station 2 (20 vs.12), Station 2 (19 vs:12), and Statior: 4 {18 vs. 18} with an increase
in total numbers of species at a4 stations (51 ws. 33 species).

The 2003 iower Neches River fish collections reflect a misture of freshwater and estuarine species found throughout the inland and coastal
waters of the northwestern region of the Gulf of Mexico. The varied wetiands and marsh nabitats within the lower Neches River basin provide
essential nursery areas for numerous fish spedies. The fish fauna recorded during the most recent survey indicates that 1he existing waler
quality and habitat diversity support a aroductive and substantial fish COmMmMuUnity.




Longnase Gar
Spotted Gar
Aliigator Gar
American Eef
Speckled Wonm Eel
Gull Menhaden
Skipjack Herring
Shad (2 species)
Smallmouth Buffalo
Black Buffalo
Bay Anchavy
Carp
Spotted Sucker
Catfish species
Blue Gatfish
Black Bullhead
Channel Catfish
Flathead Catfish
Hardhead Catfish
Pirate Perch
Sheepshead Minnow
Western Mosquitofish
Sailfin Molly
Gulf Pipefish
Searohin species
Warmounth
Bluegill
Longear Sunfish
Redear Sunfish

Spotied/Redspotted Suniish

Banded Pygmy Sunfish
Sunfish species
Spotted Bass
Largemouth Bass
White Crappie

Black Crappie

Silver Jenny

Flagfin Mojara
Lookdown

Spotfin Majarra
Sheepshead

Pinfish

Freshwater Drum
Sand/Silver Seatrout
Spotted Seatront
Spaot

Attantic Croaker

Red Brum

Star Drum

Atlantic Spadefish
Striped/White Muflet
Fat Sleeper

Bay Whiff

Lined Sole
Hogchoker
Blackcheek Tonguetish
Minnow/Shiner species
Topminnows, Killifish
Silverside species
Darier species

Goby species

hSpecies 1953
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Number of Species 38 12

The number of species recorded during the 2003 fisheries survey equaled the
2003 [han in 1973 at all stalions,
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Dr. Richard C, Harrel, 3 Fellow of the
Texas Acadermy of Science, has been 4
professor of Siclogy at Lamar University
since 1966, He has studied macro-
invertebrates in Texas and Okiahoma
streams and rivers for over 40 years.

Lacally, Dr. Sarrel has designed,
completed and published several
water quality studies of the lower
Meches River. Using a variety of
environmental indicatoars, he has
documented the response of aguatic
hakitets ta changing environmental
conaitions.

Dr. Harrel's 1971-1972, 19284-1985
and 1999 studies on changes in the
numbers and diversity of organisms
living on the river hottom showed
that the Neches River water quaiity
had improved due, in part, to
several local poltution abatement
projects. Dr. Harrel has also used the
estuarine clam Rangia cuneata to
monitor intermittent and low level
contaminants that are difficult to
detect by standard water quality
analyses. Because of their long life
spans, need to filter particulazes for
foed, ability to bioaccumulate
contaminants and sedentary fifestyle,
Rangia have proven to be effective
water quality monitoring organisms.




Summary

Biological surveys conducted by The Academy
of Natural Sciences over the past 50 years
have measured and evaluated the rnany
forms of estuarine fife in the lower Neches
Rivar, These ervironmental menitoring studies
provide a veluable reference that government, Tkarik e
businass and the community can use when ! niit et
planning future development within the Eracksh Marshy
basin.

Legend
Frestratar Marsh

Today, the lower Neches estuary supports
diverse algal, macroinvertebrate and fich
populations that are generally indicative of 3
nealthy aguatic environmant. The resulis of
the Academy’s historic stutlies demonstrate howy
iong-term regional planning and collaborative
partnerships can play ar important rola in
improving water quality. In the future, the
health of the lower Neches will depend upon
preserving and enhancing biological diversity
througheut the estuary,

Gulf of Mexico

o i
A relizble supply of frash water is an importan: T S 1

kay to the well being of all forms of ife

feund within the lower Neches River basin, The figure illustrales the complex nature of e lower Nectes walsrshed and Sabine-Heches astuary. The variely of marsh
Wise management of the wa tershedt wiil habilals {from freshwiater 1o salt) ara crilical to the survival of countless planis and animals. The preservation of marsh
ensure the avallability of this valuable and welland nursery habitats, tike the ane balow, is key ta sustaining a heahy environmant alang the Gulf Coast.
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resource for future generations. Hlustration madifiad from originz! design hy TurnerCollie&Braden Ine. for LHVA and Sanine River Authotity
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