
A-1

Appendix A.  Common and Scientific Names of All Fish Species
Used Throughout this Report Organized by Family

from Less to More Derived Characters and
Alphabetically Within Family by Common Name
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Table A-1.  Common and scientific names of all fish species used throughout the body of this report listed
from the least to the most derived families.

Family Common name Scientific name

Petromyzontidae Sea lamprey Petromyzon marinus

Anguillidae American eel Anguilla rostrata

Clupeidae Gizzard shad Dorosoma cepedianum

Channidae Koravai Channa sp.

Snakehead C. punctata

Cyprinidae Utah chub Gila atraria

Common carp Cyprinus carpio

Goldfish Carassius auratus

Grass carp Ctenopharyngodon idella

Loach minnow Tiaroga cobitis

Northern pikeminnow Ptychocheilus oregonensis

Punti Puntius sp.

Red shiner Cyprinella lutrensis

Rohu Labeo rohita

Silver barb Puntius gonionotus

Silver carp Hypopthalmichthyes molitrix

Spikedace Meda fulgida

Catostomidae Utah sucker Catostomus ardens

White sucker Catostomus c. commersonnii

Ictaluridae Channel catfish Ictalurus punctatus

Flathead catfish Pylodictus olivaris

Esocidae Chain pickerel Esox niger

Northern pike E. luscius

Bagridae Tengra various

Clariidae Walking catfish Clarias sp.

Osmeridae Rainbow smelt Osmerus mordax

Galaxiidae Black mudfish Neochanna diversus



Table A-1.  Continued

Family Common name Scientific name

A-4

Salmonidae Brook trout Salvelinus fontinalis

Brown trout Salmo trutta

Lake trout Salvelinus namaycush

Rainbow or steelhead trout Oncorhynchus mykiss

Yellowstone cutthroat trout Oncorhynchus clarki bouvieri

Poeciliidae Mosquitofish Gambusia affinis

Plague minnow G. holbrooki

Guppy Lebistes reticulatus

Gila topminnow Poeciliopsis occidentalis

Sybranchidae Cuchia Monopterus cuchia

Moronidae White perch Morone americana

Centrarchidae Bluegill Lepomis macrochirus

Green sunfish L. cyanellus

Largemouth bass Micropterus salmoides

Pumpkinseed Lepomis gibbosus

Rock bass Ambloplites rupestris

Percidae Yellow perch Perca flavescens

Walleye Stizostideon vitreum

Ruffe Gymnocephalus cernuus

Nanidae Nandus Nandus nandus

Cichlidae Tilapia Oreochromis niloticus

Anabantidae Climbing perch Anabas testudineus
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Appendix B.  Life-history and Taxonomic Information

for Native and Nonnative Fishes of Concern

Species-specific information on life history, habitat, biology and physicochemical tolerances are

presented by life stage in separate tables (Tables B-1-B-12).  In instances where the life-history

information was reported without reference to a specific life stage, the information was placed

into the adult category.  These tables are not comprehensive.  Also included is a summary of

these data (Table B-13) and data obtained elsewhere that was used to develop a data matrix

(Table B-14) analyzed by a series of one-way analyses of variance to determine differences in the

species characteristics of native and nonnative fishes of concern in the Gila River basin.

Included in Appendix B–

Table B-1. Taxonomy of native and nonnative southwestern United States fishes of concern

Table B-2. Adult habitat preferences of native and nonnative fishes of concern

Table B-3. Characteristics of the biology of adult native and nonnative fishes of concern

Table  B-4. Physicochemical needs for adult native and nonnative fishes of concern

Table B-5. Reproductive life history of native and nonnative fishes of concern

Table B-6. Habitat requirements for successful reproduction of adult native and nonnative

fishes of concern

Table B-7. Habitat preferences and diet of juvenile native and nonnative fishes of concern 
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Table B-8. Physicochemical requirements of juvenile native and nonnative fishes of

concern

Table B-9. Habitat preferences, size, and diet of larval native and nonnative fishes of

concern 

Table B-10. Physicochemical requirements of larval native and nonnative fishes of concern

Table B-11. Habitat requirements and characteristics of embryos of native and nonnative

fishes of concern

Table B-12. Embryo physicochemical criteria

Table B-13.   Raw data, both summarized from Tables B-1 to B-12 and collected from other

sources, used to develop data matrix that was used to evaluate differences

between native and nonnative fishes of concern

Table B-14.  Data matrix developed from Table B-13 that was used to conduct one-way

analyses of variance to determine how native fishes of concern in the Gila River

basin differ from those nonnative fishes of concern

List of references.  References used to collect life-history information for native and

nonnative fishes of concern in Arizona are in the above tables.
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Table B-1.  Taxonomy of native and nonnative southwestern United States fishes of concern.

Common name Genus Species Order Family

Native

Loach minnow Tiaroga cobitis Cypriniformes Cyprinidae

Spikedace Meda fulgida Cypriniformes Cyprinidae

Roundtail chub Gila robusta Cypriniformes Cyprinidae

Headwater chub Gila nigra Cypriniformes Cyprinidae

Gila chub Gila intermedia Cypriniformes Cyprinidae

Longfin dace Agosia chrysogaster Cypriniformes Cyprinidae

Speckled dace Rhinichthys osculus Cypriniformes Cyprinidae

Sonora sucker Catostomus insignis Cypriniformes Catostomidae

Desert sucker Catostomus clarki Cypriniformes Catostomidae

Razorback sucker Xyrauchen texanus Cypriniformes Catostomidae

Gila topminnow Poeciliopsis occidentalis Cyprinodontiformes Poeciliidae

Desert pupfish Cyprinodon macularius Cyprinodontiformes Cyprinodontidae

Nonnative

Channel catfish Ictalurus punctatus Siluriformes Ictaluridae

Flathead catfish Pylodictis olivaris Siluriformes Ictaluridae

Black bullhead Ameiurus melas Siluriformes Ictaluridae

Yellow bullhead Ameiurus natalis Siluriformes Ictaluridae

Smallmouth bass Micropterus dolomieu Perciformes Centrarchidae

Largemouth bass Micropterus salmoides Perciformes Centrarchidae

Green sunfish Lepomis cyanellus Perciformes Centrarchidae

Bluegill Lepomis macrochirus Perciformes Centrarchidae

Redear sunfish Lepomis microlophus Perciformes Centrarchidae

Mosquitofish Gambusia affinis Cyprinodontiformes Poeciliidae

Red shiner Cyprinella lutrensis Cypriniformes Cyprinidae

Common carp Cyprinus carpio Cypriniformes Cyprinidae



B
-4

Table B-2.  Adult habitat preferences of native and nonnative fishes of concern.  Numbers in parentheses are references (which can be found at the end of the tables). 

Common
name Lotic/lentic

Littoral/limnetic
depth (m) Benthic/pelagica Water body typeb

Substrate
typec

Elevation
(m)

Loach minnow lotic (1) littoral, <0.3 (3), 0.1-0.25 for
all life stages (24)

B, 2 (3) 1,2 (1) 1 (1), seasonally
associated with
filamentous algae
(24)

up to ~2,513 (1)

Spikedace lotic (1) 0.04-0.3, prefer 0.15-0.18,
<0.168 in winter (3), 0.2 (11),
<1 (31) 

B, 3,4 in winter (3), P,
1,5,6 (1), 2 (24)

2 low-moderate gradient
(1), low-moderate
gradient <1% up to 1.4
m3/sec (3)

1,2,3 (3) 494-1,373 (1)

Roundtail chubd lotic/lentic (3) <2 (1), littoral, up to 3.1, prefer
deep pools (3), 2+ (24), 0.9-3.1
(21)

1,2,5 (3) 1,2,4 (1), low gradient,
up to 1.4 m3/sec mean
annual flow (3)

1,2 (3) 369-2,202, most
common between 610
and 1,525 (1), 310-
1,830 (3)

Gila chub lotic (1) deep pools (3) 1,4 (1) 5,6,7 (1), 4 (24) 3 (1) 830-1,653 (1)

Longfin dace lotic (1) <0.3 (3) B/P (3) 2 usually small (1),
coastal streams to
headwaters (30), low
gradient, up to 1.4
m3/sec mean annual
flow (3)

1,2 (3) 415-2,056, generally
<1,500 (1), sea level to
2,300, rarely abundant
over 1,500 (30)

Speckled dace lotic (1) < 0.5 (1), 0.12-0.16 (3), 0.2-1.5
(17)

1 in headwater creeks,
2,5,6 rarely in lakes (1),
B/P 3 (3), 4 during day
(17)

1 rarely in 3,6, low-high
gradient, up to 1.4
m3/sec (3)

1,2,3,4 (3) 473-3,000, rarely
below 1,500, now only
above 1,830 (1),
1,800-2,100 in
Arizona (3)

Sonora sucker lotic/lentic (3) littoral, <0.3 (3) B, 1 (3) 1,2 intolerant of lake
conditions, low
gradient, up to 1.4
m3/sec mean annual
flow (1)

1,2 (3) 369-2,663 (1)

Desert sucker lotic (1)  <0.3 (3) B (1), 1,2 (3) 1,2 (1), low gradient, up
to 1.4 m3/sec mean
annual flow (3)

1,2,4 (1) 146-2,696 (1)
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Table B-2.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth (m) Benthic/pelagica Water body typeb

Substrate
typec

Elevation
(m)

Razorback sucker lotic/lentic (3) littoral, limnetic, 1.2-3, 15 in
reservoirs (3), 1.5-2.7 (21), 0.3-
3.4, use shallow 0.9-0.99 in
May and June and 1.6-2.16 in
other months (38) 

B, 1,3,5,6 (3), 3,4
flooded areas in spring
(38)

1,2,3,4 (3) 1,2,4 (1), sand and
gravel not used (21) 

55-1,525 (1)

Gila topminnow lotic (1) shallow (24) P, 3 (1), 4, below riffles
(3), 7 (36)

6,7 (1), 1,2 (3), 5 (36) 3 (1) 403-2,291, most
<1,525 (1)

Desert pupfish lotic (1) shallow (1) 2,5,7 (1) 4 (1) 366-<1,500 (1)

Channel catfish lotic/lentic
(2,3)

littoral/limnetic (2), 0.3-7.6 (3),
up to 15 (4)

B (2,6), 1 day, 2 night
(2)

1,2,3,4 (2,3), low-
moderate gradient, 28-
140 m3/sec (3)

1,4 (2) up to 1,829 (3)

Flathead catfish lotic/lentic (4) deep pools (3) B/P, 1 day, 2 night (6) 1,3,4 (4,6), low
moderate gradient (4) 

Black bullhead littoral, 0.3-1.5 (3), up to 10 (4) 1,2,3,7 (2,3,6) 2,3,4 (2,6), low gradient
(2) 

1,2,3,4 (2)

Yellow bullhead lotic/lentic (3) 0.5-1.2 (2) 1,3 (4,6) 1,2,3,4 (3,4,6)

Smallmouth bass lotic/lentic (3) littoral/limnetic <0.3-1.5, up to
12 (3), deeper pools in the day
and move into shallows at
dawn and dusk (2)

P, 1,2,7 (3), near riffles
but out of current (6),
epilimnion (2)

primarily 2 (7), 1,3,4
(3), in lakes use cooler
nonvegetated areas <12
m deep (3), moderate-
high gradient (9), low-
moderate gradient (3) 

1,2,3 (3)

Largemouth bass lotic/lentic (3) littoral/limnetic (3), up to 7 (4) P, 1,3 (3,4) 1,2,3,4,5 (2,4), low
gradient (3) 

1,2,3,4 (2)

Green sunfish lotic/lentic (3) littoral/limnetic (3), usually
<1.5 (2)

P, 1,3 (3) 1,2,3,4 low gradient (2)
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Table B-2.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth (m) Benthic/pelagica Water body typeb

Substrate
typec

Elevation
(m)

Bluegill lotic/lentic (3) littoral at dawn/dusk, limnetic
during day (2,6), up to 7.6 (3)

B/P (4), P (3), 1,3 (2) 1,2,3,4,5 (2,3,4,6,7),
low gradient, large and
medium streams 1.4-
140 m3/sec (3)

1,2,3,4 (2,3)

Redear sunfish lotic/lentic (7) littoral (9) B (4), 3,7 (6), 1 (7) 1,2,3,4 (7) 2,4 (4), 3 (6)

Mosquitofish lotic/lentic (3) littoral/limnetic up to 3 (3) 1,3,4,7 (4,5,7,9), B/P
(4), P (6)

1,2,3,4,5 (3,4,5,7,9),
low gradient, <0.14-
>140 m3/sec mean
annual flow (3)

3 (4,5,9) 310-2,440, larvae
2,130-2,440 (3)

Red shiner lotic/lentic (3) littoral, <0.3 (3) P (2), B/P (6), 1,3,7 (9),
2 (6)

1,2,3 (2) 1,2,4 (2)

Common carp lotic/lentic (2) primarily littoral, up to 30.5
(3), move into shallows in
afternoon/evening (2)

B/P (3,4), 1,4 (6) 1,2,3,4 (2,6), 5 (3),
large streams-rivers 28-
140 m3/sec, low-
moderate gradient (3) 

1,2,3,4 (2) 310-2,130 (3)

aB = benthic, P = pelagic, 1 = pool, 2 = riffle, 3 = backwater, 4 = stream margins, 5 = run, 6 = eddy, 7 = slack water
b1 = river, 2 = stream, 3 = lake, 4 = reservoir, 5 = marsh, 6 = headwaters, 7 = springs
c1 = rock, 2 = sand, 3 = vegetation, 4 = silt/soft
dHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
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Table B-3.  Characteristics of the biology of adult native and nonnative fishes of concern.  Numbers in parentheses are references (which can be found
at the end of tables). 

Common
name

Size of
mature fisha

(cm)
Age at maturity

(years)
Life span

(years)
Feeding

traitb
Prey

itemsc Migratory

Loach minnow 3.8-<8 (15), rarely
exceed 6 (24)

2 (1), 1 (24) 4 (1), few live
more than 2
(24)

2 (1) 3 (1)

Spikedace <7.5 (1), 4 (12), 4 at 1
year (31)

1 (1), 2 (3) 2 (12), many
live only 13
months (24), 1-
2 (31)

2 (1), diurnal
(31)

1,3,4 (1),
primarily 3 (11)

Roundtail chubc 25-30, size that
individuals frequently
attain (1)

2 males, 3 females (24) 20+ (24) 2 (1) 1,3,4,5 (1), 6,7
(24)

Gila chub >7.5 (34), females
grow to 25, males
seldom reach 15 (1),
15 typically (24)

2-3 (1), 1-3 most at 2-3
(34)

3 (3) 6 (1),
crepuscular
feeders (24) 

1,3,4 (1), 5 (3), 

Longfin dace rarely exceeds 6.5 SLd

(1), 4.2 SL (30)
1 (30) 6 (1), diurnal

feeder (30)
3,5,6 (1),
primarily 6 (3)

Speckled dace rarely >7.6 (1) 2 females (45) 6 (1), 2 (3) 3,5,7 (1),
primarily benthic
insects, 3,5,6 (3)

 

Sonora sucker 80 maximum (1) 6 (1) 3,5, aufwuchs
(1), 6,7 (3)

some move into
tributaries to spawn
(1)

Desert sucker 10-28 SL (1) 5 (1) 5,6, aufwuchs (1)
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Table B-3.  Continued

Common
name

Size of
mature fisha

(cm)
Age at maturity

(years)
Life span

(years)
Feeding

traitb
Prey

itemsc Migratory

Razorback
sucker

100 maximum (1), 40
(38), 50 males and 54
females (40)

4 (1) 40+ (1) 6 (1) 3,5,6 (1), 7 (3) some migrate long
distances to spawning
grounds (38)

Gila topminnow adult size:  males ~2.5
SL, females 3.0-4.5 SL
(1)

a few weeks to several
months (1)

1 (1) 6 (1) 3,5,6,7 (1)

Desert pupfish 1.5-7.5 (35) 6 weeks if conditions
are favorable (1), most
during second summer
(35)

seldom >1 (1) 6 (1) 3,4,5,6,7 (1)

Channel catfish 33.7 (42) 4-5 (6), 2-3 in southern
extent of range (2)

few >8 (2),
usually 6-7 (6)

6 (2,3,4,6) all (2,3,4,6) yes, move upstream in
spring (2)

Flathead catfish 46 (2,6) 4-5 (2,6) 20 maximum
(4)

1 (2,3,6) 1,2 (2,3,6), 3 (4)

Black bullhead 11 (42), 16 (43) 2-4 (2) 10 (4) 6 (2), largely
nocturnal (2,4)

3,4,5,6,7 (2,4)

Yellow bullhead 23 (42) 3 (2) 6,7 (42) 6 (2), 1
primarily (3) 

all (2,3)

Smallmouth bass 24.3-29 (6), 26-36 (2) 3-4 (2) 10-12 (6) 1 (2) 1,2,3,4 (2) largely non-migratory
(2), migrate up
tributaries to spawn
(8)

Largemouth bass 25-30 (2) 3-4 (2) 13 (42) 1 (2,4,6) 1,2,3 (2,4,6)

Green sunfish 7.6 (2) 2 (7), as early as 16
weeks in the lab (2)

5 (4) 6 (2) 1,2,3,4,5,7 (2) yes, up tributaries in
spring (2)
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Table B-3.  Continued

Common
name

Size of
mature fisha

(cm)
Age at maturity

(years)
Life span

(years)
Feeding

traitb
Prey

itemsc Migratory

Bluegill 16 (42) first summer in
southern extent of
range, 2 to 3 in
northern extent of
range (2)

11 maximum
(4)

6 (2,3,4,6) 3,4,5,6,7
(2,3,4,6)

yes, to warm water in
spring (2)

Redear sunfish 13 (42) 2 (6) 5 (7) 4 (6) 3, primarily
snails (6)

Mosquitofish males 1.9-3.8, females
3.2-5.7 (10)

3 months (6) 3 (4) 6 (4,5,6) 1,3,5,6 (4,5,6) no (4)

Red shiner 2.4-7.5 SL (5), >4 (2) males 2, females 3 (6),
1(7)

3 (6), 2.5 (43) 6 (2) 3,5,7 (2)

Common carp 28 age 2 to 36 age 3
(6) 

males 2, females 3 (2) 9-15 (2) 6 (2,3) 3 primarily, 5,6,7
(2,6)

not highly migratory
(6), not migratory (4),
yes in lakes (3)

aTotal length
b1 = piscivore, 2 = insectivore, 3 = zooplanktivore, 4 = molluscivore, 5 = herbivore, 6 = omnivore
c1 = fish, 2 = crayfish, 3 = aquatic inverts, 4 = terrestrial inverts, 5 = algae, 6 = detritus, 7 = vegetation
dHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
eSL = standard length
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Table B-4.  Physicochemical needs for adult native and nonnative fishes of concern.  Numbers in parentheses are references (which can be found at the end of the
tables).
 

Common
name

Dissolved oxygen
(DO; mg/L)

Temperature
(°C)

Current
velocity
(m/sec)

Salinity
(ppt) pH

Total
dissolved

solids
(ppm)

Turbidity
tolerance Comments

Loach minnow >34 lethal (23) 0.24-0.79
(3), average
0.573 (24)

tolerates changing water
conditions and
competition with exotic
fishes better than most
native cyprinids (3), has
a reduced air bladder
that allows them to exist
in high velocity habitats
with minimal energy
expenditure (3)

Spikedace >34 lethal (23) <0.95 (3),
mean 0.3
(11)

found in clear
streams (3)

abundance at any one
site is extremely
variable from year to
year (1)

Roundtail chuba CTMb 30.5-
39.5, minimum
<1-7.7, (3), >34
lethal (23)

typically
<0.2 (24),
0-0.96 (21)

adults occupy pools
<2 m deep that are
adjacent to swifter
riffles and runs (1)

Gila chub >34 lethal (23) sluggish (1)

Speckled dace highly tolerant to
supersaturated water
(3), 1.1-1.5, LD50

c
 1.4

(27)

<15 cold >27
warm, prefer
15.8, CTM
30.5-36.8 (3)

fast, strong,
0.4 (3)

does not fair well in the
presence of nonnative
predatory fish, not in
danger of extinction (1)

Longfin dace 0.6-1.3, LD50 1.0
(27)

>34 (23) 0.15-0.35
(3)

clear water (3) remarkable ability to
disperse into new
habitats, appearing a
few hours or days after
flow reestablishes in
formerly dry stream
channels; can survive in
small volumes of water
beneath mats of
filamentous algae, then



B
-11

Table B-4.  Continued

Common
name

Dissolved oxygen
(DO; mg/L)

Temperature
(°C)

Current
velocity
(m/sec)

Salinity
(ppt) pH

Total
dissolved

solids
(ppm)

Turbidity
tolerance Comments

reproduce a few days
after summer rains
rejuvenate stream;
found in intermittent
low desert streams to
cool high elevation
streams (1)

Sonora sucker warm water to
trout streams
(1), >34 lethal
(23)

<0.3 (1) found in warm rivers,
trout streams, has an
affinity for gravelly
rocky pools, or at least
deep quiet pools (1)

Desert sucker comparatively low
tolerance to reduced
DO (1)

survive 32+,
prefer 17.5
within modal
bounds ranging
from 10 to 21
(1), <15 cold
>27 warm (3)

0.3-0.46 (3)

Razorback sucker >0-32, 22-25
optimum (1),
avoid 8.0-14.7
and 27.4-31.6
(3), some
mortality at 34+
(39)

0.3 (3),
<0.3,
preferred
0.15 (21),
0.03-0.3 in
winter, 0.5
in summer
(38)

predation is limiting
factor in Lake Mohave
(3) 

Gila topminnow 2.2-11.0 (1) 0-37.8 (1), 37.2-
38.4 CTM (28),
typically found
in >20 (24)

moderate
current (1),
slow (24)

tap sea
water (1)

6.6-8.9 (1) prefer shallow warm
water with moderate
current and dense
vegetation (1), restricted
to waters that do not
freeze (3), more
abundant after floods
than mosquitofish (36)
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Table B-4.  Continued

Common
name

Dissolved oxygen
(DO; mg/L)

Temperature
(°C)

Current
velocity
(m/sec)

Salinity
(ppt) pH

Total
dissolved

solids
(ppm)

Turbidity
tolerance Comments

Desert pupfish can survive low DO
(3), 0.1-0.4, LD50 0.2
(27)

35+ (1) tolerate 3
times
seawater (1)

associated with areas
of clear water (1)

when breeding males
are territorial and
unintentionally guard
eggs, in soft substrate
males dig small pits in
search of food and
guard these pits (1),
endangered (3)

Channel catfish 0.95-1.08 at 25-35°C
lethal (2), 5-7 <5
low, >7 high (3)

10-32 (4),
collected in 37.8
(2), 35 lethal
when
acclimated at
7.2 (3), prefer
21.1 (2)

<0.15-0.48
(3)

may enter
brackish
(5), <0.5-30
(3)

6-8 (4), <5
is strongly
acidic (3)

<5,000 (3) prefer clean, well
oxygenated water
(2,4), tolerate high
turbidity,
saprophilicd,
saprophobice (3)

dHf 4-30 (4), alkalinity
30->200 (3), larvae
survival is low in clear
water (6)

Flathead catfish optimum 31.5-
33.5 (2)

Black bullhead lethal 35-39
(2,3), 18-29
optimal (3)

<0.04,
<0.15 (3)

6.5-8.0 (4),
3.4, 5.0
acidic (3)

<5,000 (3) more tolerant of
turbidity, warm
water, and
agricultural,
industrial, and
domestic human-
made organic
chemicals than the
other bullhead
species (2)

dH 4-25 (4), largely
nocturnal (2,4)

Yellow bullhead  0-0.3 winter (2) gentle-fast
(2), prefer
calm (6)

prefer clear water (6)

Smallmouth bass 0.96 at 21.1°C lethal
(2), 5-7 moderate, <5
low (3)

10-30 (4), prefer
21.1-26.7 (2)

fast flowing
(5)

avoid <6
(3)

<5,000, 100-
350 optimal
(3)

saprophobic, little
tolerance for
turbidity (3)

winter in larger, deeper
waters with gradients of
<1.3 m/km (8)
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Table B-4.  Continued

Common
name

Dissolved oxygen
(DO; mg/L)

Temperature
(°C)

Current
velocity
(m/sec)

Salinity
(ppt) pH

Total
dissolved

solids
(ppm)

Turbidity
tolerance Comments

Largemouth bass 3.1 at 15°C was
lethal, 0.6-2.3 in
winter (2)

lethal 35.6-38
(2)

slow or
standing (2)

brackish,
24.4 (2),
>11.8
decreases
adult
abundance,
>50 not
conducive
to spawning
(3)

7-7.5 (4),
<5 or >10
not
conducive
to
spawning
(3)

<5,000, 100-
350 optimal
(3)

intolerant of
turbidity (6),
saprophobic (3)

dH 10.0 (4), diurnal (3),
bass tapeworm
considered a significant
parasite that causes
sterility (2)

Green sunfish 3.6 winter threshold,
died if 1.5 for 48
hours (2)

survive 33-36,
prefer 28.2 (2)

<0.3 (3) tolerated
changes
from 7.2 to
9.6, 6.0-
8.1 at 17-
19.5°C
with 4-9
ppm DO
(2), <5
strongly
acidic (3)

<5,000 (3) most silt tolerant
sunfish except for
the orange-spotted,
tolerate extreme
turbidity,
temperatures, DO,
current velocity (6),
saprophobic (3)

dH 10-15 (4), the first to
penetrate up streams
during high water and
repopulate intermittent
streams, diurnal,
crepuscular (3), builds
nest after rise in mean
water temperature (2)

Bluegill 0.6-0.8 toleration
threshold,
supersaturation is
lethal (2), <5 is low
(3)

0-36 (4),
collected in 35-
41, some
mortality at 36.1
(2)

calm to
moderately
swift (2,3)

collected in
4.5 (2), <0.5
(3)

endure
4.0-10.35
(2), 7-7.5
(4)

cannot tolerate
constant high
turbidity (6)

dH 10-15 (4), often the
first to die in winter kill
lakes, supersaturation of
DO seems to cause rapid
mortality (2)

Redear sunfish less tolerant of
low
temperatures
than many other
species (7)

occasionally
found in
brackish
water (5)

more tolerant of silt
than many other
species (7)

subject to winter kill
(8), most abundant in
clear artificial lakes (7)

Mosquitofish 5-7,<5 low, >7 high,
tolerate low levels
(3), 0.5 (28)

18-24 (4), 15-
27, <15 cold,
>27 warm,
>37.3 or <4

<0.15-0.3
(3)

<0.5-30 (3) 6.0-8.0 (4) prefer clear water
with vegetation (8),
saprophilic, tolerates
turbidity (3)

dH 5-19 (4), does not
adapt to extremely cold
environments (3)
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Table B-4.  Continued

Common
name

Dissolved oxygen
(DO; mg/L)

Temperature
(°C)

Current
velocity
(m/sec)

Salinity
(ppt) pH

Total
dissolved

solids
(ppm)

Turbidity
tolerance Comments

lethal (3), 36.4-
38.8 CTM (28)

Red shiner 1.5 (16), critical
oxygen
concentration 1.2-2.0
(19)

15-25 (4), taken
in 39.5 (2),
prefer 27

moderate
flow (7),
slow flow
(3), 0.062
(32)

10 (16) 7-7.5 (4),
5-10 (16)

tolerant of high
turbidity (2)

absent in clear high
gradient streams (5),
avoided highly alkaline
conditions in the field
(18)

Common carp tolerate low (can use
atmospheric) and
supersaturation (2),
<5 low, >7 high (3)

-0.7 is the lower
lethal
temperature, 31-
35.7 is the
upper lethal
temperature
dependent on
acclimation
temperature (2),
3-35 (4)

avoid swift
water
except
during
spawning
(2)

up to 17 (2) thrive in turbid
rivers (4), tolerate
high turbidity,
saprophilic (3)

need meso-eutrophic
conditions (3), last
survivor in oxygen
depleted waters (2) 

aHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
bCritical thermal maxima (CTM)—the maximum temperature at which a species can survive indefinitely (28)
c LD50—the lethal dosage or amount of a toxin necessary to cause death in 50% of the recipients
d Saprophilic—ability to tolerate human-made organic chemicals (3)
e Saprophobic—unable to tolerate human-made organic chemicals (3)
fdH = degrees of hardness (carbonate hardness) where 1 dH = 17.86 ppm
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Table B-5.  Reproductive life history of native and nonnative fishes of concern.  Numbers in parentheses are references (which can be found at the end of the tables). 

Common
name

Littoral/limnetic
depth (m) Benthic/pelagica Seasonb

Water body
typec

Substrate
typed Strategye Periodicity

Loach minnow littoral, 1.0 (3),
0.1-0.25 (24)

B, 2 (3) WN (1), SP, and
FL (24)

2 (1) 1 cobble,
gravel (1)

7 nest cavities open to
downstream side of
rocks (1) 

Spikedace <1.5 (3), 0.15
(12), shallow (24)

2 (3), P (12) SP,SM (1), when
discharge is
decreasing and
temperature is
increasing (31)

2 (1) 2 (1), 1 (3) 2,6 (3), 2 (13) 1-2 age one usually
once per year, age
two twice per year
(1)

Roundtail chubf shallow (33) 1,2 (24), 6 (33) SP, early SM early
as spring runoff
subsides (1)

2 (1) 1,3 (1) 2 (1)

Gila chub late SP into SM
(1), late WN into
SM (3)

3 (1) 3 (1)

Longfin dace 0.15-0.20 (3),
mean 0.085 (30)

B, 1 (14), 3,5 (30) primarily SP but
may spawn
throughout year
(1), WN,SP,SM
(14)

1,2 (1), nest
near mouths
of streams
(30)

1,3 (3), 2 (14),
areas free of
detritus and
plant debris
(30)

2,6 saucer-shaped nest
spawner (14)

twice per year (30)

Speckled dace 0.025-0.1 (45) 2 (3) two periods, SP
and late SM (1)

1,2 (1) 1 course
substrate (1)

8 nest spawner (3) twice per year (1)

Sonora sucker 2 (3) late WN through
mid-SM (1)

2,3 (1) 1 (1) 2 (1)

Desert sucker 2 (1) late WN and early
SP (1), SP (3)

2 (1) 1,2,4 (1) 2 (1)
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Table B-5. Continued

Common
name

Littoral/limnetic
depth (m) Benthic/pelagica Seasonb

Water body
typec

Substrate
typed Strategye Periodicity

Razorback sucker littoral/limnetic,
0.3-7.6 (3), most
<2.0 (38), 0.7-1.0
(39)

4 (1), 3,6 (38) late WN through
early SP (1), SP
with rising water
levels and
temperatures (39) 

1,4 (1) 1,2 (3) 2,6 (3)

Gila topminnow year-round in
warm waters (3)

viviparous, live bearer
(22)

up to 15
broods/year (36)

Desert pupfish <1.0 (35) SP,SM, year-round
if temperatures
stay warmer (3)

1 some unintentional
guarding (1), 1 (4)

Channel catfish 1.8-7.6 (3) B, 4 (2) SP,SM (2,3,6) 1 (2) 1,4 if turbid
(2)

7 (22) annual (3)

Flathead catfish 1.8-7.6 (3) 4 (2) SP,SM (2,3) 7 (6)

Black bullhead littoral, 0.3-1.5
(3)

1,3,4 (2,3) SP (2,6), SP
through SM (3)

low gradient
(3) 

2,3,4 (2) 8 (22) annual (3)

Yellow bullhead 0.6 (2) 4 (2) SP through SM (2) 3 (2) 3 (2) 7 (22)

Smallmouth bass littoral nest built
in <4.0 (3)

B, 1,6,7 (3) SP through SM (6) 2, low
gradient (3)

1, 2,3 (3) 8 nest spawner (22) 1 to >3 per year (3)

Largemouth bass 0.2-7.6 average
0.6 (2,3,6)

1 (3) SP,SM (6), SP in
NM (3)

low gradient
(3)

1,2,3 (2,6),
prefer sand
and gravel (3)

nest spawner guarder-
phytophil (22)

annual (3)

Green sunfish littoral/limnetic,
0.04-3.55, up to
61 (3), usually
<0.35 (2)

B (3), 1 (7), 3 (6) SP through SM (2) 2,3,4 (2) 1,2,3,4 (3) 8 nest spawner (22),
nest in colonies (2)
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Table B-5. Continued

Common
name

Littoral/limnetic
depth (m) Benthic/pelagica Seasonb

Water body
typec

Substrate
typed Strategye Periodicity

Bluegill up to 1.5 (3) B, 1,3,7 (3) SP,SM ripe
females collected
year round in
cooling pond (2)

1,2,3,4 (2,3) 1,2,3,4 (2,3,6) 8 nest spawner (22), in
colonies of 40-50 nest
(2)

>3 per year (3)

Redear sunfish B, 1, 7 (7) SP,SM second
nesting in August
(6)

2,4 (6), 3 (2) 4 (6) 8 nest spawner (22),
nest in colonies (6)

Mosquitofish up to 1.5 (3) P, 1,3,7 (3) SP through SM (3) low gradient
(3)

3,4 (3) viviparous, live bearer
(22)

3 to 4 broods per
year (5,6)

Red shiner littoral (3) 1,7 (7), 2 (3) SP,SM peak, FL
(2,6),

2,3 (3) 1,2,4, over
sunfish nest
(2,6)

5 (2,6) >3 per year (3)

Common carp littoral, 0.8-1.83
(2)

3,7 (2) SP,SM (2,6) 2,3,4,5,
floodplain (2)

3 (2,3,4), 1 (6) 3 need freshly flooded
vegetation (22)

annual, can last
several weeks (2)

aB = benthic, P = pelagic, 1 = pool, 2 = riffle, 3 = backwater, 4 = stream margins, 5 = run, 6 = eddy, 7 = slack water
bSP = spring (Mar-Jun), SM = summer (Jun-Sep), FL = fall (Sep-Dec), WN = winter (Dec-Mar)
c1 = river, 2 = stream, 3 = lake, 4 = reservoir, 5 = marsh, 6 = headwaters, 7 = springs
d1 = rock, 2 = sand, 3 = vegetation, 4 = silt/soft
e1 = nonguarder litho-pelagophil, 2 = nonguarder lithophil, 3 = nonguarder phytophil, 4 = nonguarder pelagophil, 5 = nonguarder phyto-lithophil, 6 = nonguarder
psammophil, 7 = guarder spelophil, 8 = guarder lithophil 
fHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
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Table B-6.  Habitat requirements for successful reproduction of adult native and nonnative fishes of concern.
Numbers in parentheses are references (which can be found at the end of the tables). 

Common
name

Temperature
(°C) 

Current
velocity
(m/sec)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance Comments

Loach minnow 18-20 (1), 10-12
in the laboratory
(29), 16-20 (24)

Spikedace <15 cold >27
warm (3)

moderate (24)

Roundtail
chuba

20 (3), 15-22 (24) moderate (3) water
temperature
most
significant in
triggering
spawning (3)

Gila chub 20-24 optimal
(24)

Longfin dace 23.4 average,
14.2-29.7 (30)

0.07±0.04,
and in 0 flow
(30)

spawn a few
days after
summer rains
rejuvenate
streams (1)

Speckled dace 12-18 (3) swift (1)

Sonora sucker  flowing (3)

Desert sucker  flowing (3)

Razorback
sucker

10-20, 20
optimum (3), 9.5-
22, peak at 10-15
(26)

standing water
(3), 0.74 (38),
0.3 (39)

Gila
topminnow

 

Desert pupfish middle-upper 20s
(35)

Channel catfish 26.7 optimal (2),
15-29 (2,3)

standing or
flowing water
(3)

Flathead
catfish

22.2-23.9 (2), 21-
29 (3)

Black bullhead 20 (3) <0.15 (3) <5,000 (3)



Table B-6. Continued

Common
name

Temperature
(°C) 

Current
velocity
(m/sec)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance Comments

B-19

Yellow
bullhead

Smallmouth
bass

12.8-23.9 (2),
15.5 (6), 15-27
<15 cold (3) 

out of current
(6)

<5,000 (3) saprophobicb, little
tolerance for turbidity
(3)

Largemouth
bass

in New Mexico
starts at 14-15 (3),
16.7-18.3, and in
waters with mean
annual
temperatures of
25.5 (2)

out of current
or waves (3)

Green sunfish 15-28 (2), >21 (6),
15-31, >27 warm
(3)

<0.15, low
gradient,
prefer <0.1,
tolerate up to
0.25 (3)

<5,000 (3)

Bluegill 15.0-26.7 (3),
prolonged periods
>20.0 may extend
season (2)

Redear sunfish

Mosquitofish 15-27, >27 warm
(3)

<0.15 (3) 

Red shiner 15.6-29.4 (2,3) flowing or
standing (3)

tolerate turbidity (3)

Common carp 18.3-23.9 (2), 15-
27 (3)

aHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub
Gila robusta
bSaprophobic—no ability to tolerate organic pollution (3)
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Table B-7.  Habitat preferences and diet of juvenile native and nonnative fishes of concern.  Numbers in parentheses are references (which can be found at the end of
the tables). 

Common
name Lotic/lentic

Littoral/limnetic
depth

(m) Benthic/pelagica
Substrate

typeb
Water body

typec

Size total
length
(cm)

Feeding
traitd

Prey
itemse

Loach minnow lotic (3) littoral, <0.3 (3),
0.1-0.25 (24)

B (3) 1 (3) 2 (1) 2.9-3.7 (15) 2 (3) 3 (3)

Spikedace lotic (1) <0.3 (3), 0.16 (11),
average depth 0.19
(24)

P, 3,4 (3) 1,2,3,4 (3) 2 (1) 2.6-3.5 (11) 3 (24)

Roundtail chubf lotic (3) 0.3-1.5 (3), 0.9-1.5
(21)

4 (1), 2 (3) 1,2 (3) 2 (3) <5 (1) 2,6 (1) 3,4,5 (1)

Gila chub lotic (1) 1,2,3,4 (1) 3 (1) 2,5,6 (1) 6 (1) 3,4,5 (1), 6,7 (24)

Longfin dace  3 (3)  

Speckled dace B/P (25)  6 (25) 3,5,6 (25)

Sonora sucker lotic (1) 4 (1) 2 (1) 6 (1) 3,5 (1)

Desert sucker lotic (3) 1,4 (3) 2 (3) 2 (3) 3 (3)

Razorback sucker lotic (38) 3,6,7 (38) limited
information (38)

5,6 (38)

Gila topminnow  

Desert pupfish    

Channel catfish lotic (3) shallow (3) 1,2 (2,3,6) 1,2 (2)  1,2 (3) 6 (2) 1,2,3,7 (2,3)

Flathead catfish 2 (2,4) 1,2 (2,4) 2 (3) 2 (2,3) 3 (2,3)

Black bullhead littoral, shallow (2) 1,2,3 (3) ponds, 2 (3) 2,3 (3) 3,4, plankton (3)

Yellow bullhead   1,3 (3)  6 (3) all (3)

Smallmouth bass lotic/lentic
(2)

littoral/limnetic
<0.3-1.5, up to 12
(3)

P, 2 (3) 1,3 (3) 2 low-
moderate
gradient (3)

primarily 2 (2) 1,2,3,4 (2)
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Table B-7.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth

(m) Benthic/pelagica
Substrate

typeb
Water body

typec

Size total
length
(cm)

Feeding
traitd

Prey
itemse

Largemouth bass lotic/lentic
(3)

shallow (3) P, 1 (3) 3 (3) ponds, 2 (3) primarily 2 (2,3) 1,3 (2,3,6)

Green sunfish lotic/lentic
(3)

P, 1,3 (3) 1,3 (3) ponds, 2 (3) primarily 3 (3) 3,4 (3)

Bluegill lotic/lentic
(2,3)

littoral/limnetic,
<0.3-1.5 (3)

1,3 (3) 1,2,3,4 (3) 1,2,3 (2) 2,3 (3) 3 (3)

Redear sunfish    

Mosquitofish lotic/lentic
(3)

littoral/limnetic, up
to 3 (3)

1,3,4,7 (4,5,7,9),
B/P (4), P (6)

1,2,3,4
(3,4,5,7,9)

3 (4,5,9) 6 (3) 3,5 (3)

Red shiner   

Common carp     6 (3) 3,5 (3)

aB = benthic, P = pelagic, 1 = pool, 2 = riffle, 3 = backwater, 4 = stream margins, 5 = run, 6 = eddy, 7 = slack water
b1 = rock, 2 = sand, 3 = vegetation, 4 = silt/soft
c1 = river, 2 = stream, 3 = lake, 4 = reservoir, 5 = marsh, 6 = headwaters
d1 = piscivore, 2 = insectivore, 3 = zooplanktivore, 4 = molluscivore, 5 = herbivore, 6 = omnivore 
e1 = fish, 2 = crayfish, 3 = aquatic inverts, 4 = terrestrial inverts, 5 = algae, 6 = detritus, 7 = vegetation
fHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
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Table B-8.  Physicochemical requirements of juvenile native and nonnative fishes of concern.  Numbers in parentheses are references (which are at the end of the
tables). 

Common
name

Dissolved
oxygen
 (mg/L)

Temperature
(°C)

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance

Loach minnow 0.27-0.67 (3)

Spikedace 21-27 (3) <0.15 (3), 0-0.58,
mean 0.49 (24)

Roundtail chuba 0-0.61 (21)

Gila chub moderate velocities
(24)

Longfin dace

Speckled dace

Sonora sucker

Desert sucker move to swifter water
as they mature (3)

Razorback sucker

Gila topminnow 37.4-38.3 CTMb (28)

Desert pupfish

Channel catfish 5.0-7.0 moderate
(3)

36.6-37.8 lethal (2)

Flathead catfish

Black bullhead 35-39 lethal (3) low gradient, <0.15
(3)

<5,000 (3)

Yellow bullhead avoid strong currents
(3) 

prefer clear water (3,6)

Smallmouth bass 5.0-7.0, <5.0 low
(3)

moderate gradient (3) <5,000 (3) saprophobicc, little
tolerance for turbidity (3)
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Table B-8.  Continued

Common
name

Dissolved
oxygen
 (mg/L)

Temperature
(°C)

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance

Largemouth bass <5.0 low, 5.0-7.0
moderate (3)

21-27, >27 warm (3) low gradient (3)

Green sunfish prefer 28.2 avoid >31
or <26 (3)

low gradient, prefer
<0.1, tolerate up to
0.25 (3)

<5,000 (3)

Bluegill 5.0-7.0, <5.0 is
low (3)

prefer 31.2 (2), 15-27
(3)

low gradient, large
and medium streams
1.4-140 m3/sec (3)

<0.5 (3)

Redear sunfish

Mosquitofish 5.0-7.0, <5.0 low,
>7.0 high (3)

15-27, <15 cold, >27
warm (3), 37.4-38.3
CTM (28)

<0.5-30 (3)

Red shiner

Common carp  17 (2)

aHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
bCTM = critical thermal maxima
cSaprophobic—no ability to tolerate organic pollution (3)
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Table B-9.  Habitat preferences, size, and diet of larval native and nonnative fishes of concern.  Numbers in parentheses are references (which are provided at the end
of the tables). 

Common
name Lotic/lentic

Littoral/limnetic
depth

(m) Benthic/pelagica
Substrate

typeb
Water body

typec

Size total
length
(cm) Duration

Feeding
traitd

Prey
 itemse

Loach minnow lotic, seek out
low velocity
sites (3)

littoral, depth <0.3
(3), 0.1-0.25 (24)

B, 4 (3) 1 (3) 2 (1) <0.28 (15),
0.54 (24), 

2 (3) 3 (3)

Spikedace <0.30 (3), mean
0.08 (11), <0.3
(24)

3,4 (3) 1,2,3 (3),
2,4 (1)

2 (1) <0.25 (11),
0.5-0.7 (24), 

Roundtail chubf 3 until reach 25-50
mm (1), 4 (3)

6 (1) 3,5 (1)

Gila chub shallow (24) 3 (24) 0.7-0.8 (3)

Longfin dace 0.64 average
(30)

Speckled dace B/P (25) remain in nest
7-8 days (1)

6 (25) 3,5,6 (25)

Sonora sucker lotic, margins
of streams (1)

 0.5 (3) 6 (1) crustaceans,
protozoans (1)

Desert sucker lotic, in quiet
water along
banks (1)

 1 (1), 4 (3)

Razorback
sucker

lotic/lentic
(38)

littoral (41) 4 (1), 3 flooded
bottomlands
essential (3), 4 (38)

1,2,4 (38) 0.7-0.9 (38),
0.7-1.0 (46)

2,3 (38) 4,5 (38)

Gila topminnow

Desert pupfish

Channel catfish B, 1,2 (6) 1 (2), low
gradient (3)

0.64
minimum (2),
0.6-0.98 (44)

several weeks
(2), remain in
nest 7 days,
then school for
several weeks
(2)

6 (2,3) 3,5,6 (2,3)
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Table B-9.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth

(m) Benthic/pelagica
Substrate

typeb
Water body

typec

Size total
length
(cm) Duration

Feeding
traitd

Prey
 itemse

Flathead catfish shallow (2) 2 (2) beneath
stone or
cover (2)

1.1 (2)

Black bullhead near surface in
deep water (2)

P, 1,2,3 (2,3) 3,4 (3) ponds, 2 low
gradient (3)

0.9-1.0 (44)  3 (6) 3, plankton (6)

Yellow bullhead 0.28 (44),
0.6-0.8 (44)

2 (2) 3,4 (2)

Smallmouth bass lotic/lentic (2) P, 1,2 (3) 1,2,3
moderate
density (3)

2,3 (2), low
gradient (3)

0.4-1.0 (44) 6-15 days in
nest, guarded
2-9 days up to
28 days (2)

primarily 3
(2)

1,3 (2)

Largemouth bass lotic/lentic (3) P, 1 (3), B,P (2) 3 (3) ponds, 2 low
gradient (3)

0.3 upon
hatching (2),
0.3-0.6 (44)

B for 6-7 days,
then P for 31
days (2)

3 (3,6) 3 (3,6)

Green sunfish lotic/lentic (3) littoral, <0.3 (3) P, 1,3 (3) 1,2,3 (3) 2,3 (2), low
gradient (3) 

0.35-0.37
upon
hatching, 0.6
at swim up
(2), 0.3-0.6
(44)

5-6 days to
swim-up (2)

3 (2) 3 (2)

Bluegill littoral at first
migrate from nest
to limnetic area
after absorb yolk
sac (2,3), up to 1.5
(3)

P, 1,3 (3) 1,2,3,4 (3) 1,2,3 (2), low
gradient, 28-
140 m3/s (3) 

0.2-0.3 at
hatching, 0.5-
0.55 at 3 days
(2), 0.2-0.5
(44)

31 days at
23.5°C (4)

3 (3) 3,5 (3)

Redear sunfish 0.5 (44)

Mosquitofish lotic/lentic (3) littoral/limnetic
<1.5 (3)

1,3,4,7 (4,5,7,9),
B/P (4), P (6)

1,2,3,4
(3,4,5,7,9)

3 (4,5,9), low
gradient,
<140->140
m3/sec mean
annual flow
(3)

0.74, 0.8-1.0,
0.7 (47)

larval stage
short (3)

6 (3) 3,5 (3)
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Table B-9.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth

(m) Benthic/pelagica
Substrate

typeb
Water body

typec

Size total
length
(cm) Duration

Feeding
traitd

Prey
 itemse

Red shiner 0.33 (2)

Common carp littoral/limnetic
(2), <3 (3) 

B (2) 3 (2) 2,3 (2) 0.3-0.64 (2),
0.3-0.8 (44) 

1-2 days
attached/near
vegetation, in
4-5 days yolk
sac is absorbed
and they move
to bottom,
spend most of
summer in
deeper water
(2)

6 (3) 3,5 (3)

aB = benthic, P = pelagic, 1 = pool, 2 = riffle, 3 = backwater, 4 = stream margins, 5 = run, 6 = eddy, 7 = slack water
b1 = rock, 2 = sand, 3 = vegetation, 4 = silt/soft
c1 = river, 2 = stream, 3 = lake, 4 = reservoir, 5 = marsh, 6 = headwaters
d1 = piscivore, 2 = insectivore, 3 = zooplanktivore, 4 = molluscivore, 5 = herbivore, 6 = omnivore
e1 = fish, 2 = crayfish, 3 = aquatic inverts, 4 = terrestrial inverts, 5 = algae, 6 = detritus, 7 = vegetation
fHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
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Table B-10.  Physicochemical requirements of larval native and nonnative fishes of concern.  Numbers in parentheses are references (which are at the end of the
tables).

Common
name

Dissolved
oxygen
(mg/L)

Temperature
(°C)

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance

Loach minnow < 0.15 (3), average 0.73 (24)

Spikedace slow <0.05 (3), 0.08 (11)

Roundtail chuba

Gila chub

Longfin dace

Speckled dace

Sonora sucker

Desert sucker quiet (3)

Razorback sucker

Gila topminnow

Desert pupfish

Channel catfish 5.0-7.0 moderate
(3)

36.6-37.8 lethal (2), 15-
27, >27 warm (3)

<0.15-0.3 (3) <0.5-30 (3) <5,000 (3)

Flathead catfish

Black bullhead  35-39 lethal (3)  <0.15 (3) <5,000 (3)

Yellow bullhead

Smallmouth bass 5.0-7.0 moderate
<5.0 low (3)

15-27 (3) <5,000 (3) saprophobicb, little
tolerance for turbidity
(3)

Largemouth bass <5.0 low, 5.0-7.0
moderate (3)

15-27, >27 warm (3) >16.6
decreases
growth (3)

Green sunfish 15-27, >27 warm (3) <0.15, <0.05 optimal (3) <5,000 (3)



B
-28

Table B-10.  Continued

Common
name

Dissolved
oxygen
(mg/L)

Temperature
(°C)

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/pollution
tolerance

Bluegill 5.0-7.0 moderate
(3)

21-27 (3)  <0.5 (3)

Redear sunfish

Mosquitofish 5.0-7.0, <5.0 low,
>7.0 high (3)

15-27, <15 cold, >27
warm (3)

<0.15-0.3 (3)

Red shiner

Common carp 15-27 (3)

aHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
bSaprophobic—no ability to tolerate organic pollution (3)



B
-29

Table B-11.  Habitat requirements and characteristics of embryos of native and nonnative fishes of concern.  Numbers in parentheses are references (which are at the
end of the tables). 

Common
name Lotic/lentic

Littoral/limnetic
depth

(m)
Benthic/
pelagica

Substrate
typeb

Water
body typec

Size total
length
(mm)

Duration to
hatch

Egg
typed

Fecundity
(number of eggs)

Loach minnow lotic (3) littoral, <0.3 (3),
0.1-0.25 (24)

B, 2 (3) 1 (1) 2 (1) 1.55 (1),
1.3-1.8 (53)

5-6 days at 18-
20°C (1)

1 (1) 150-1,200 (1), 145-300 (24)

Spikedace lotic (1) littoral (1) 1,2,3,4 (3) 1.5-1.8 (12) probably 4-7
days (11)

1,2 (24) 100-300 (1), 100-800 (3),
319 for age 2, 101 for age 1
(24)

Roundtail chubd lotic (1) littoral (1) 1,5 (3) 1 (3) 0.48-1.69
(3)

4-7 (3) 1 (3) 600-45,125 (3), 33,400 for a
30-cm female (24)

Gila chub  4-7 days at
18°C (3)

1 (23)

Longfin dace lotic (1)  <0.3 (3) 2,3 (3), 4
(20)

2 (20) 2.3 (30) 3-4 days need,
4 days at
>24°C (3)

2, non-
adhesive
(23)

80 or less mature ova (30)

Speckled dace lotic (1) littoral (1) B (3) 1 (3) 1 (37) 1 (37), 1.5
(54) 

5-7 days at 16-
19°C (3)

1 (23) 174, 514 for a 47- and 71-
mm fish, respectively (3)

Sonora sucker lotic/lentic (3) littoral (1) 2 (1) 1.5
fertilized
(3)

6 (3) 2 (1), 1
(23)

Desert sucker lotic (1) littoral (1) 1 (23)

Razorback
sucker

lotic (1) littoral (1) B (3) 2.3-2.8
hardened
(55)

a few days (1) 1,2 (1) 75,000-144,000 (3)

Gila topminnow 11-15 live young (1)

Desert pupfish a few days (1)

Channel catfish B, 4 (2) 1,4 (2) 1 (2) 3.2 without
chorion (2)

5-10 days at
21.1-29.4°C
(2), 7 days (6)

2 (3) 2,660-52,000 (2)

Flathead catfish 3.7 (2) 5-14 days (3),
6-9 days at
23.9-27.8°C (2)

4,076-58,972 (2,3)
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Table B-11.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth

(m)
Benthic/
pelagica

Substrate
typeb

Water
body typec

Size total
length
(mm)

Duration to
hatch

Egg
typed

Fecundity
(number of eggs)

Black bullhead littoral, 0.3-1.5 (3) B, 1,3 (3) 3,4 (3) low gradient
(3)

0.8-1.6 (2),
3.0 (3)

1-14 days (3) 1,2 (3) 3,500 (4), 2,000-6,000 (56),
2,500-3,500 (43)

Yellow bullhead 2.8 (52) 5-10 days (2),
5-14 days (3)

1 (2) 860-7,000 (3)

Smallmouth
bass

lotic,
downstream of
obstructions (6),
lentic (2)

littoral, 0.3-1.5 (3) B, 1,7 (3) 1,2,3 (3) 2 (3) 2.5 (6) 1-14 days (3),
9.5 days at
12.8°C, <2
days coupled
with rising
water
temperatures
that level off at
23-25°C (2)

1,2 (3) 2,000-20,800 (3), 4,896-
5,364 for 33-to 41-cm
females (2)

Largemouth
bass

0.3-7.6 (3) B, 1 (3) 2,3 (3) low gradient
(3)

1.4-2.0
(2,3)

1-7 days
(2,3,6), 2 days
at 19°C (2)

1,2 (2) 55,000 (42), 2,000-20,000
(2)

Green sunfish lotic/lentic (3) littoral/limnetic,
<0.3-61.0 (3)

B, 1,3 (3) 1,2,3,4 (3) 2,3 (3) 0.8-1.4 (2) 1.4-2.33 days
at 24-27°C, 3-7
days (3)

1,2 (2) 2,000-10,000 (3)

Bluegill lotic/lentic (3) littoral up to 1.5 (3) B, 7 (3) 1,2,3,4 (3) 1,2,3 (2),
low
gradient,
1.4-140
m3/sec (3) 

1.09-1.4 (2) 1.3, 1.4, 3 days
at 27.3, 26.9,
and 22.2°C,
respectively
(2), 10 days, 2-
3 days at
>21°C (3)

1,2 (2) 1,900-46,000 (2), 7,200-
38,000 (3)

Redear sunfish lotic/lentic (7) 49,750 (42)

Mosquitofish 3.4 (52) 24-30 days
(4,5)

30 live young/ brood (9), 1-
315 embryos (5,6), 1-300
(58)

Red shiner 1.3-1.7 (58) 5-7 days (3) 485-684 (2), 1,000 (42), 500-
1,000 (43)



B
-31

Table B-11.  Continued

Common
name Lotic/lentic

Littoral/limnetic
depth

(m)
Benthic/
pelagica

Substrate
typeb

Water
body typec

Size total
length
(mm)

Duration to
hatch

Egg
typed

Fecundity
(number of eggs)

Common carp lotic/lentic (3) littoral, <3.0 (3) B, 7 (3) 3 (3) 1,2,3,4
(2,6), 5 (3),
large
streams-
rivers 28-
140 m3/sec,
low-
moderate
gradient (3) 

0.9-2.0 (2),
1.5-2.1 (52)

3-16 days, 3-5
days at 20°C
(2)

1,2 (2) 100,000-2,200,000 (2),
300,000 for a 47-cm female
(4)

aB = benthic, P = pelagic, 1 = pool, 2 = riffle, 3 = backwater, 4 = stream margins, 5 = run, 6 = eddy, 7 = slack water
b1 = rock, 2 = sand, 3 = vegetation, 4 = silt/clay
c1 = river, 2 = stream, 3 = lake, 4 = reservoir, 5 = marsh, 6 = headwaters
c1 = adhesive, 2 = sink
dHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
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Table B-12.  Embryo physicochemical criteria.  Numbers in parentheses are references (which are at the end of the tables).

Common
name 

Dissolved
oxygen
(mg/L)

Temperature
(°C) 

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/
pollution tolerance Comments

Loach minnow < 0.43 (3), flow
important (24)

Spikedace 15-27 (3)

Roundtail chuba moderate (3)

Gila chub 15-21 (3)

Longfin dace eggs are buried in pit
walls and not guarded
(20) 

Speckled dace

Sonora sucker

Desert sucker

Razorback sucker 15-21, 20 best, die
at 5, 10, or 30 (3)

Gila topminnow female has two broods
developing
simultaneously with
one more advanced
than the other (24)

Desert pupfish

Channel catfish 1.7 lethal (2) 21-27, >27 warm,
need >15.5 (3)

<0.15 (3) limited spawning
if >2, tolerate up
to 16 (3)

Flathead catfish

Black bullhead 20-27, optimal 20-
22, lethal 35-39 (3)

 <0.15 (3) >0.8 impairs
development (3)

<5,000 (3)

Yellow bullhead
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Table B-12.  Continued

Common
name 

Dissolved
oxygen
(mg/L)

Temperature
(°C) 

Current velocity
(m/sec)

Salinity
(ppt)

Total
dissolved

solids
(ppm)

Turbidity/
pollution tolerance Comments

Smallmouth bass 15-27 (3), 12.5-25
(2)

<5,000 (3) saprophobicb, little
tolerance for turbidity
(3)

Largemouth bass 15-27 (3) >1.5 decreases
survival (3)

Green sunfish 21-27 (3) <0.15, <0.10
optimal (3)

<5,000 (3)

Bluegill 5.0-7.0 moderate
(3) 

21-27 (3) <0.5 (3)

Redear sunfish

Mosquitofish

Red shiner 34-35 may be lethal
(3)

Common carp 15-21 (3) water-level drawdown
is effective in killing
eggs and sac fry by
exposing to air (2)

aHeadwater chub Gila nigra is a recently described species subsumed in the existing literature under the roundtail chub Gila robusta
bSaprophobic—no ability to tolerate human-made organic chemicals (3)
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Table B-13.  Raw data, both summarized from Tables B-1 to B-12 and collected from other sources, used to develop data matrix that was used to evaluate
differences between native and nonnative fishes of concern.  Numbers in parentheses are references (which are at the end of the tables).

Common
name Family

Native
or exotic

Lentic
or lotic

Mature fish
length
(mm)

Age at
maturity
(years)

Longevity
(years) Prey type

Channel catfish ictaluridae exotic (BOR) both (2, 3) 337 (42) 4-5 (6), 2-3 (2) 8 (2), 6-7 (6) fish, crustaceans, clams, snails
Flathead catfish ictaluridae exotic (BOR) both (4) 460 (2, 6) 4-5 (2, 6) 20 (4) fish, crayfish, insects, invertebrates 
Black bullhead ictaluridae exotic (BOR) both (42) 110 (42), 160 (43) 2-4 (2) 10 (4) invertebrates, terrestrial insects, algae,

detritus, vegetation
Smallmouth bass centrarchidae exotic (BOR) both (3) 243-290 (6), 260-360

(2)
3-4 (2) 10-12 (6) fish, crayfish, invertebrates, terrestrial

insects
Largemouth bass centrarchidae exotic (BOR) both (3) 250-300 (2) 3-4 (2) 13 (42) fish, crayfish, invertebrates 
Green sunfish centrarchidae exotic (BOR) both (3) 76 (2) 2 (7) 5 (4) fish, crayfish, invertebrates, terrestrial

insects, algae, vegetation
Bluegill centrarchidae exotic (BOR) both (3) 160 (42) 2-3, 1 (2) 11 (4) invertebrates, terrestrial insects, algae,

detritus, vegetation
Redear sunfish centrarchidae exotic (BOR) both (7) 130 (42) 2 (6) 5 (7) invertebrates, especially snails
Mosquitofish poeciliidae exotic (BOR) both (3) 32-57 (10) 00.4 (6) 3 (4) fish, invertebrates, algae, detritus
Red shiner cyprinidae exotic (BOR) both (3) 24-75 SLa (5), >40 (2) 3 (6), 1 (7) 3 (6), 2.5 (43) invertebrates, algae, vegetation
Common carp cyprinidae exotic (BOR) both (2) 280-360 (6) 3 (2) 9-15 (2) invertebrates, algae, detritus, vegetation
Loach minnow cyprinidae native (BOR) lotic (1) 38-<80 (15); rarely >60

(24)
2 (1), 1 (24) 4 (1) , 2 (24) insects

Spikedace cyprinidae native (BOR) lotic (1) <75 (1), 40 (12), 40
(31)

1 (1), 2 (3) 2 (12), 1.1 (24),
1-2 (31)

fish, invertebrates, terrestrial insects 

Roundtail chub cyprinidae native (BOR) both (3) 250-300 (1) 3 (24) 20+ (24) fish, invertebrates, terrestrial insects, algae,
detritus, vegetation

Gila chub cyprinidae native (BOR) lotic (1) >75 (34), 150 typically
(24)

2-3 (1), 1-3 (34) 3 (3) fish, invertebrates, algae, insects 

Longfin dace cyprinidae native (BOR) lotic (1) 65 SL (1), 42 SL (30) 1 (30) No data detritus, invertebrates, algae, zooplankton
Speckled dace cyprinidae native (BOR) lotic (1) 76 rarely (1) 2 (45) No data invertebrates, algae, vegetation; detritus 
Sonora sucker catostomidae native (BOR) both (3) 800 (1) No data No data invertebrates, algae; plants, detritus
Desert sucker catostomidae native (BOR) lotic (1) 100-280 SL (1) No data No data algae, detritus
Razorback sucker catostomidae native (BOR) both (3) 400 (38), 540 (40) 4 (1) 40 + (1) invertebrates, algae, detritus; vegetation 
Gila topminnow poeciliidae native (BOR) lotic (1) 30-45 SL (1) 0.4 (1) 1 (1) invertebrates, algae, detritus, vegetation
Desert pupfish cyprinodontidae native (BOR) lotic (1) 15-75 (35) 0.2 (35), 1 (2) 1 (1) invertebrates, terrestrial insects, algae,

detritus, vegetation
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Table B-13. Continued.

Common
name

Upper water
temperature

(°C)
Egg diameter

(mm)
Incubation

(days) Fecundity
Hatchling

(mm)
Channel catfish 35 (3) 3.2 (2) 5-10 (2), 7 (6) 2,660-52,000 (2) 6.4 (2), 6-9.8 (44)
Flathead catfish 33.5 optimum (2) 3.7 (2) 5-14 (3), 6-9 (2) 4,076-58,972 (2, 3) 11 (2)
Black bullhead 35-39 (2, 3) 0.8-1.6 (2), 3.0 (3) 1-14 (3) 3,500 (4), 2,500-3,500 (43) 9-10 (44)
Smallmouth bass 32 (48) 2.5 (6) 1-14 (3), 9.5 (2) 2,000-20,800 (3), 4,896-5,364 (2) 4-10 (44)
Largemouth bass 35.6-38 (2) 1.4-2.0 (2, 3) 1-7 (2,3,6), 2 (2) 55,000 (42), 2,000-20,000 (2) 3 (2), 3-6 (44)
Green sunfish survive 33-36 (2) 0.8-1.4 (2) 1.4-2.3, 3-7 (3) 2,000-10,000 (3) 3.5-3.7 (2), 3-6 (44)
Bluegill 38.5-41.4 (49) 1.09-1.4 (2) 1,3, 1.4, 3 (2), 10, 2-3 (3) 1,900-46,000 (2), 7,200-38,000 (3) 2-3 (2), 2-5 (44)
Redear sunfish 36 (49) 1.4 (50) No data 42,750 (42) 5 (44)
Mosquitofish >37.3 lethal (3), CTM

36.4-38.8 (28)
3.4 (44) 24-30 (4,5) 30/brood (9), 1-315 embryoes (5,

6), 1-300 (47)
7.4, 8-10, 7 (47)

Red shiner taken in 39.5 (2) 1.3-1.7 (47) 5-7 (3) 485-684 (2), 1,000 (42), 500-1,000
(43)

3.3 (2)

Common carp 31-35.7 (2) 0.9-2.0 (2), 1.5-2.1
(44)

3-16, 3-5 (2) 100,000-2,200,000 (2), 300,000 (4) 3-6.4 (2), 3-8 (44)

Loach minnow >34 lethal (23) 1.55 (1) 5-6 (1) 150-1,200 (1), 145-300 (24) 2.8 (15), 5.4 (24)
Spikedace >34 lethal (23) 1.5-1.8 (12) 4-7 (11) 100-300 (1), 100-800 (3), 319, 101

(24)
2.5 (11), 5-7 (24)

Roundtail chub CTM 30.5-39.5 (3), >34
lethal (23)

0.48-1.69 (3) 4-7 (3) 600-45,125 (3), 33,400 (24) No data

Gila chub >34 lethal (23) No data 4-7 (3) No data 7-8 (3)
Longfin dace >34 lethal (23) 2.3 (30) 3-4 (23) 80 (30) No data
Speckled dace CTM 30.5-36.8 (3) 1 (37) 5-7 (3) 174, 514 (45) No data
Sonora sucker >34 lethal (23) 1.5 (3) 6 (3) No data 5 (3)
Desert sucker survive 32+ (1) No data No data No data No data
Razorback sucker some mortality 34+ (39) 2.3-2.8 (46) Few days (1) 75,000-144,000 (3) 7-9 (38), 7-10 (46)
Gila topminnow CTM 37.2-38.4 (28) No data No data 11-15 live (1) No data
Desert pupfish 35+ (1) No data Few days (1) No data No data

aSL = standard length
bCTM = critical thermal maximum 
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Table B-14.  Data matrix developed from Table B-13 that was used to conduct one-way analyses of variance to determine how native fishes of
concern in the Gila River basin differ from those nonnative fishes of concern.

Common
name Family

Native or
exotic Habitat

Mature
length

Age at
maturity Longevity

Diet
breadth

Upper
temperature

Egg
diameter

Incubation
time

Channel catfish 50 1 3 337 3.5 7.3 2 35 3.2 7.3
Flathead catfish 50 1 3 460 4.5 20 3 No data 3.7 8.5
Black bullhead 50 1 3 165 3 10 5 37 2.1 7.5
Smallmouth bass 130 1 3 288 3.5 11 4 32 2.5 8.5
Largemouth bass 130 1 3 275 3.5 13 3 36.8 1.7 3.6
Green sunfish 130 1 3 76 2 5 6 36 1.1 3.5
Bluegill 130 1 3 160 1.8 11 5 39.3 1.3 3.6
Redear sunfish 130 1 3 130 2 5 1 36 1.4 No data
Mosquitofish 115 1 3 45 0.4 3 4 37.5 3.4 27.0
Red shiner 34 1 3 50 2 2.8 3 39.5 1.5 6.0
Common carp 34 1 3 320 3 12 4 33.2 1.7 7.0
Loach minnow 34 2 1 59 1.5 3 1 34 1.6 5.5
Spikedace 34 2 1 40 1.5 1.5 3 34 1.7 6.5
Roundtail chub 34 2 3 275 3 20 6 34.5 1.1 6.5
Gila chub 34 2 1 113 2.3 3 4 34 No data 6.5
Longfin dace 34 2 1 54 1 No data 4 34 2.3 3.5
Speckled dace 34 2 1 76 2 No data 4 33.7 1 6.5
Sonora sucker 36 2 3 800 No data No data 4 34 1.5 6.0
Desert sucker 36 2 1 190 No data No data 2 32 No data No data
Razorback sucker 36 2 3 470 4 40 4 34 2.6 3.5
Gila topminnow 115 2 1 38 0.4 1 4 37.8 No data No data
Desert pupfish 117 2 1 45 0.6 1 5 35 No data 3.5
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Table B-14. Continued.

Common
name Fecundity

Larval
length

Spawning
seasons

Parental
care

Human
use

History
introduction

History
invasive

Channel catfish 27,330 7.2 2 4 32 1 2
Flathead catfish 31,524 11 2 4 9 2 2
Black bullhead 3,250 10 2 5 27 1 1
Smallmouth bass 8,265 7 2 5 18 1 1
Largemouth bass 33,000 3.8 2 5 25 1 1
Green sunfish 6,000 4.1 2 5 18 1 2
Bluegill 23,275 2.5 2 5 23 1 1
Redear sunfish 42,750 5 2 5 12 1 2
Mosquitofish 154 7.8 2 6 15 1 1
Red shiner 778 3.3 3 1 5 2 2
Common carp 725,000 5.1 2 1 27 1 1
Loach minnow 449 4.1 3 4 2 2 2
Spikedace 287 4.3 2 1 2 2 2
Roundtail chub 28,131 No data 2 1 2 2 2
Gila chub No data 6 4 2 2 2 2
Longfin dace 80 6.4 3 3 2 2 2
Speckled dace 344 No data 2 4 4 2 2
Sonora sucker No data 5 3 1 2 2 2
Desert sucker No data No data 2 1 2 2 2
Razorback sucker 109,500 8.3 2 1 2 2 2
Gila topminnow 13 No data 4 6 2 2 2
Desert pupfish No data No data 4 3 5 2 2
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References used to collect life-history information for native and nonnative fishes of concern in
Arizona in Appendix B tables.

(1) Arizona Game and Fish Department.  2001.  Animal abstracts-fish.  Unpublished abstract
compiled and edited by the Heritage Data Management System, Arizona Game and Fish
Department, Phoenix.  http://www.azgfd.com/w_c/edits/hdms_abstracts_fish.html
(September 9, 2003).

(2) Becker, G. C.  1983.  Fishes of Wisconsin.  University of Wisconsin Press, Madison.

(3) Biota Information System of New Mexico (BISON).  2000.  Version 1/2000.  The New
Mexico Department of Game and Fish, Santa Fe, and the U.S. Fish and Wildlife
Information Exchange (Fisheries and Wildlife Department, Virginia Tech, Blacksburg,
Virginia). http://fwie.fw.vt.edu/states/nmex_main/fish.htm.

(4) Froese, R., and D. Pauly, editors.  2002.  FishBase.  World Wide Web electronic
publication.  http://www.fishbase.org.

(5) Lee, D. S., C. R. Gilbert, C. H. Hocutt, R. E. Jenkins, D. E. McAllister, and J. R. Stauffer,
Jr.  1980.  Atlas of North American freshwater fishes.  North Carolina State Museum of
Natural History, Raleigh.

(6) Pflieger, W. L.  1975.  The fishes of Missouri.  Missouri Department of Conservation.

(7) Smith, P. W.  1979.  The fishes of Illinois.  University of Illinois Press, Chicago.

(8) Trautman, M. B.  1981.  The fishes of Ohio.  Ohio State University Press, Columbus.

(9) Clay, W. M. 1975.  The fishes of Kentucky.  Kentucky Department of Fish and Wildlife
Resources, Frankfort.

(10) Tomelleri, J. R., and M. E. Eberle.  1990.  Fishes of the central United States.  University
Press of Kansas, Lawrence.

(11) Propst, D. L., K. R. Bestgen, and C. W. Painter.  1986.  Distribution, status, biology and
conservation of the spikedace (Meda fulgida) in New Mexico.  New Mexico
Department of Game and Fish, Sante Fe.

(12) Barber, W. E., D. C. Williams, and W. L. Minckley.  1970.  Biology of the gila spikedace,
Meda fulgida, in Arizona.  Copeia 1:9-18.

(13) Marsh, P. C.  1991.  Spikedace, Meda fulgida, recovery plan.  U.S. Fish and Wildlife
Service, Albuquerque, New Mexico.

http://www.azgfd.com/w_c/edits/hdms_abstracts_fish.html
http://fwie.fw.vt.edu/states/nmex_main/fish.htm
http://www.fishbase.org


B-39

(14) Minckley, W. L., and W. E. Barber.  1971.  Some aspects of biology of the longfin dace, a
cyprinid fish characteristic of streams in the Sonoran Desert.  The Southwestern
Naturalist 15:459-464.

(15) Rinne, J. N.  1989.  Physical habitat use by loach minnow, Tiaoga cobitis (pisces: 
cyprinidae), in southwestern desert streams.  The Southwestern Naturalist 34:109-117.

(16) Matthews, W. J., and L. G. Hill.  1977.  Tolerance of the red shiner, Notropis lutrensis
(cyprinidae), to environmental parameters.  The Southwestern Naturalist 22:89-98.

(17) Seals, J. M., and O. T. Gorman.  1994.  Habitat use by the speckled dace (Rhinichthys
osculus), bluehead sucker (Catostomus discobolus), and flannelmouth sucker
(Catostomus latipinnis) in the Little Colorado River, Arizona, near Grand Canyon. 
Annual symposium of the desert fishes council, Furnace Creek, California, November
17-20, 1994.

(18) Matthews, W. J., and L. G. Hill.  1979.  Influence of physico-chemical factors on habitat
selection by red shiner, Notropis lutrensis (pisces:  cyprinidae).  Copeia 1:70-81.

(19) Rutledge, C. J., and T. L. Beitinger.  1989.  The effects of dissolved oxygen and aquatic
surface restoration on the critical thermal maxima of three intermittent-stream fishes. 
Environmental Biology of Fishes 24:137-143.

(20) Goldstein, R. J.  1996.  North American minnows.  Aquarist and Pondkeeper 61:16-19. 

(21) Barrett, P. J., and O. E. Maughan.  1995.  Spatial habitat selection of roundtail chub (Gila
robusta) in two central Arizona streams.  The Southwestern Naturalist 40:301-307.

(22) Balon, E. K.  1975.  Reproductive guilds of fishes:  a proposal and definition.  Journal of
the Fisheries Research Board of Canada 32:821-864.

(23) Clarkson, R. W., and P. C. Marsh.  2002.  Personal communication.  U.S. Bureau of
Reclamation, Phoenix, Arizona.

(24) Propst, D. L.  1999.  Threatened and endangered fishes of New Mexico.  Technical Report
1, New Mexico Department of Game and Fish.

(25) Childs, M. R., R. W. Clarkson, and A. T. Robinson.  1998.  Resource use by larval and
early juvenile native fishes in the Little Colorado, Grand Canyon, Arizona.  Transaction
of the American Fisheries Society 127:620-629.

(26) Bozek, M. A., L. J. Paulson, G. R. Wilde, and J. E. Deacon.  1981.  Spawning season of
the razerback sucker, Xyrauchen texanus in Lake Mohave, Arizona and Nevada. 
Journal of Freshwater Ecology 6:61-71. 



B-40

(27) Lowe, C. H., D. S. Hinds, and E. A. Halpern.  1967.  Experimental catastrophic selection
and tolerances to low oxygen concentration in native Arizona freshwater fishes. 
Ecology 48:1013-1017.

(28) Childs, M.  2001.  Comparison of gila topminnow and mosquitofish as biological control
agents of mosquitoes.  U.S. Bureau of Reclamation, Federal Grant 99-FG-32-0080,
Phoenix, Arizona, and Arizona Game and Fish Department Heritage Fund.

(29) David, R. E., and L. J. Wirtanen.  1998.  Artificial propagation of loach minnow,
Rhinichthys cobitis.  U.S. Fish and Wildlife Service unpublished station report.
Alchesay-Williams Creek National Fish Hatchery, Whiteriver, Arizona. 31 pp.

(30) Kepner, W. G.  1982.  Reproductive biology of longfin dace (Agosia chrysogaster) in a
Sonoran Desert stream, Arizona.  Master’s thesis.  Arizona State University.

(31) Gonzalez, F. J. A.  1989.  Potential overlap on food habits between spikedace (Meda
fulgida) and red shiner (Cyprinella lutrensis).  Master’s thesis.  Arizona State
University. 

(32) Rinne, J. N.  1991.  Habitat use by spikedace, Meda fulgida (pisces:  cyprinidae), in
southwestern streams with reference to probable habitat competition by red shiner,
Notropis lutrensis (pisces:  cyprinidae).  The Southwestern Naturalist 36:7-13.

(33) Vanicek, C. D., and R. H. Kramer.  1969.  Life history of squawfish, Ptychocheilus lucius,
and the Colorado chub, Gila robusta, in the Green River in Dinosaur National
monument, 1964-1966.  Transactions of the American Fisheries Society 98:193-208. 

(34) Weedman, D. A., A. L. Girmendonk, and K. L. Young.  1996.  Status review of gila chub,
Gila vintermedia, in the United States and Mexico.  Arizona Game and Fish
Department, Phoenix.  Nongame and Endangered Wildlife Program Technical Report
91.

(35) U.S. Fish and Wildlife Service.  1993.  Desert pupfish recovery plan.  Phoenix, Arizona. 
67 pp.

(36) Minckley, W. L.  1999.  Ecological review and management recommendations for
recovery of the endangered gila topminnow.  Great Basin Naturalist 59:230-244.

(37) Mueller, G. A.  1984.  Spawning by Rhinichthys osculus (cyprinidae), in the San
Francisco River, New Mexico.  The Southwestern Naturalist 29:354-356.

(38) U.S. Fish and Wildlife Service.  1988.  Razorback sucker (Xyauchen texanus) recovery
plan.  Denver, Colorado.  81 pp.



B-41

(39) Wick, E. J., C. W. McAda, and R. V. Bulkley.  1982.  Life history and prospects for
recovery of the razorback sucker.  Pages 120-126 in W. H. Miller and H. M. Tyus,
editors.  Fishes of the Upper Colorado River System:  present and future.  Western
Division of the American Fisheries Society.

(40) Tyus, H. M.  1987.  Distribution, reproduction, and habitat use of the razorback sucker in
the Green River, Utah, 1979-1986.  Transactions of the American Fisheries Society
116:111-116.

(41) Marsh, P. C., and W. L. Minckley.  1989.  Observations on recruitment and ecology of
razorback sucker:  Lower Colorado River, Arizona-California-Nevada.  Great Basin
Naturalist 49:71-78. 

(42) Scott, W. B., and E. J. Crossman.  1998.  Freshwater Fishes of Canada.  Gelt House
Publications, Ltd.

(43) Etnier, D. A., and W. C. Starnes.  1993.  The fishes of Tennessee.  University of
Tennessee Press, Knoxville, Tennessee.  681 pp.

(44) Auer, N. A., editor.  1982.  Identification of larval fishes of the Great Lakes Basin with
emphasis on the Lake Michigan drainage.  Great Lakes Fishery Commission, Ann
Arbor, Michigan, Special Publication 82-3.  744 pp.

(45) John, K. R. 1963.  The effects of torrential rains on the reproductive cycle of Rhinichthys
osculus in the Chiricahua Mountains, Arizona.  Copeia 2:286-291. 

(46) Bliesner, R., M. Buntjer, A. Hobbes, P. Holden, V. Lamarra, K. Lawrence, B. Miller, D.
Propst, and D. Ryden.  1999.  Chapter 3:  Life history of the fishes.  Pages 3-1-3-34 in
P. B. Holden, editor.  Flow recommendations for the San Juan River.  San Juan River
Basin Recovery Implementation Program, U.S. Fish and Wildlife Service, Albuquerque,
New Mexico.

(47) Wang, J. C. S.  1986.  Fishes of the Sacramento-San Joaquin estuary and adjacent waters,
California:  A guide to the early life histories.  Berkeley Digital Library Project. 
Prepared for the Interagency Ecological Study Program for the Sacramento-San Joaquin
Estuary.  A cooperative study by the California Department of Water Resources,
California Department of Fish and Game, U. S. Bureau of Reclamation and U. S. Fish
and Wildlife Service, Technical Report 9 (FS/B10-4ATR 86-9), January 1986.

(48) Stefan, H. G., M. Hondzo, B. Sinokrot, and X. Fang.  1992.  A methodology to estimate
global climate change impacts on lake and stream environmental conditions and fishery
resources with application to Minnesota.  St. Anthony Falls Laboratory, University of
Minnesota, Minneapolis, Project Report 323.



B-42

(49) Wismer, D. A., and A. E. Christie.  1987.  Temperature relationships of Great Lakes
fishes: a data compilation.  Great Lakes Fishery Commission Special Publication 87-3. 
165 pp.

(50) Meyer, F. A.  1970.  Development of some larval centrachids.  Progressive Fish-Culturist
32:130-136.



C-1

Appendix C.  Technical Data for Chemicals Either Registered
with the U.S. Environmental Protection Agency, Used As,

or Proposed to Be Used as Fish Toxicants

Included are the names and formulations of each chemical, their primary and secondary uses or
proposed uses, mode of action, toxicity to a variety of taxa, safety hazard, persistence in the
environment, and registration status.
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Ammonia

Alternative names:  Anhydrous ammonia, urea
Chemical formula:  NH3

Formulation:  Liquid under pressure
Primary use:  Fertilizer
Secondary use:  Control of aquatic weeds; fish toxicant  
Mode of action:  Corrosive action in gastrointestinal tract; alkalosis
Toxicity to fish:  Highly toxic; toxicity is pH dependent at low concentrations
Toxicity to birds:  No information available
Toxicity to invertebrates:  No information available
Toxicity to mammals:  Moderately toxic
Safety hazard:  Liquid under pressure; inhalation of leaking fumes; rupture of lines
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Antimycin

Alternative names:  Fintrol®-5, Fintrol®-15, and Fintrol®-concentrate
Chemical formula:  C28H40N3O9

Formulation:  Controlled-release coating on sand grains and water-soluble liquid
Primary use:  Registered fish toxicant in the United States and Canada
Secondary use:  Fungicide; miticide
Mode of action:  Irreversible inhibitor of cellular respiration
Toxicity to fish:  Extremely toxic to freshwater and marine fishes
Toxicity to birds:  Highly toxic to quail
Toxicity to mammals:  Highly toxic to mouse, rat, rabbit, guinea-pig, dog, and lamb
Safety hazard:  Conjunctivitis; protect eyes with safety glasses
Persistence in environment:  Nonpersistent
Registration status:  Registered as a fish toxicant in the United States and Canada

Aqualin

Alternative names:  Acrolein, r-propenal, acrylic aldehyde
Chemical formula:  C3H4O
Formulation:  Liquid
Primary use:  Industrial; military in poison gas mixture
Secondary use:  Fish toxicant 
Mode of action:  Irritant; lacrimator
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Toxic
Safety hazard:  Highly volatile and flammable; avoid contact with liquid and vapors
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Persistence in environment:  None
Registration status:  Not registered as a fish toxicant in the United States

Bayluscide® 

Alternative names:  Bayer 73, Yomesan
Chemical formula:  C15H15Cl2O5N3

Formulation:  Wettable powder; granular timed-release; liquid (formulation not yet registered)
Primary use:  Molluscicide
Secondary use:  Registered fish toxicant in the United States and Canada
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Moderately toxic
Safety hazard:  Prevent oral or dermal contact; avoid inhalation
Persistence in environment:  Nonpersistent
Registration status:  Registered as a fish toxicant for restricted use in the United States and Canada

Baythroid®

Alternative names:  Synthetic pyrethroid; cyano(4-fluoro-3-phenoxyphenyl)methyl-3(2,2-
dichloroethanyl)-2,2-dimethyl-cyclopropanecarboxylate
Chemical formula:  C22H19O3NCl2F
Formulation:  No information available
Primary use:  Agricultural insecticide
Secondary use:  Experimental crayfish or fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  LC50 (mg/kg) for rats were oral, 1,015; dermal, >5,000
Safety hazard:  Prevent oral or dermal contact; avoid inhalation; wear protective clothing
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Bleaching powder and urea

Alternative names:  Calcium hypochlorite and ammonia
Chemical formula:  Ca(ClO)2 C H2O :  NH3

Formulation:  No information available
Primary use:  Industrial uses and fertilizer
Secondary use:  Fish toxicant
Mode of action:  Oxidizing agent
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
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Toxicity to mammals:  No information available
Safety hazard:  Avoid inhalation of fumes; protective clothing recommended
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Calcium carbide

Alternative names:  Acetylenogen
Chemical formula:  CaC2

Formulation:  Crystals
Primary use:  Generating acetylene gas; other industrial purposes
Secondary use:  Fish toxicant
Mode of action:  Inflation in gut
Toxicity to fish:  No information available
Toxicity to birds:  No information available
Toxicity to mammals:  No information available
Safety hazard:  No information available
Persistence in environment:  None
Registration status:  Not registered as a fish toxicant in the United States

Calcium hypochlorite

Alternative names:  Bleaching powder, chlorine
Chemical formula:  Ca(ClO)2 C H2O
Formulation:  Powder
Primary use:  Industrial processes
Secondary use:  Disinfectant; fish toxicant
Mode of action:  Oxidizing agent
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Highly toxic
Safety hazard:  Avoid inhalation of fumes; explosive in some formulations
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Copper sulfate pentahydrate

Alternative names:  Bluestone, blue citriol, cupric sulfate pentahydrate
Chemical formula:  CuSO4 C 5 H2O
Formulation:  Crystal; powder
Primary use:  Herbicide; industrial
Secondary use:  Medical and veterinary; fish toxicant
Mode of action:  Strong irritant on mucous membranes
Toxicity to fish:  Extremely toxic
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Toxicity to birds:  Slightly toxic
Toxicity to mammals:  Practically nontoxic
Safety hazard:  Keep well away from foodstuffs, animal feed, and their containers
Persistence in environment:  Persistent and cumulative in soft water
Registration status:  Not registered as a fish toxicant in the United States

Croton seed powder

Alternative names:  No information available
Chemical formula:  No information available
Formulation:  Powder
Primary use:  Fish toxicant in China
Secondary use:  No information available
Mode of action:  Vesicant, purgative
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Highly toxic
Safety hazard:  Powerful vesicant
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Cunaniol

Alternative names:  Cunani
Chemical name:  Polyacetylenic alcohol
Formulation:  Aqueous extract of leaves from Clibadium sylvestre
Primary use:  Fish toxicant
Secondary use:  No information available
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  No information available
Safety hazard:  No information available
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

DANEX-80

Alternative names:  Dimethyl-1,2,2-trichloro-1-hydroxyethylphosphonate
Chemical formula:  C4H8Cl3O4P
Formulation:  Crystal
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action: Cholinesterase inhibitor
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Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Moderately toxic; rat oral LD50 630 mg/kg
Safety hazard:  Protective clothing recommended
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

DDVP

Alternative names:  Nuvan 100 EC, Vapona®, Herkol, Dichlorvos
Chemical formula:  C4H7Cl2O4P
Formulation:  Liquid
Primary use:  Insecticide
Secondary use:  Vermifuge in livestock; fish toxicant
Mode of action:  Cholinesterase inhibitor
Toxicity to fish:  Highly toxic
Toxicity to birds:  Acute oral LD50 for mallards is 7.78 mg/kg and for pheasants is 11.3 mg/kg
Toxicity to mammals:  Acute oral LD50 in rats is 70 mg/kg
Safety hazard:  Avoid inhalation and contamination of food
Persistence in environment:  About 3 weeks in water
Registration status:  Not registered as a fish toxicant in the United States

Dibrom®-malathion

Alternative names:  Dibrom®:malathion, Ortho Fish Thinner
Chemical formula:  C4H7O4PBr2Cl2 : C10H19O6PS2

Formulation:  Liquid
Primary use:  Singly as insecticides
Secondary use:  Selective fish toxicant (removal of sunfishes from largemouth bass)
Mode of action:  Cholinesterase inhibitor
Toxicity to fish:  Highly to extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Slightly toxic
Safety hazard:  Protect eyes with safety glasses
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Dieldrin

Alternative names:  1,2,3,4,10,10-hexachloro-exo-6,7-epoxy-14,40,5,6,7,8,8a-octahydro-endo-
exo-5,8-dimethanonaphthalene  
Chemical formula:  C12H8Cl6O
Formulation:  Crystals
Primary use:  Insecticide
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Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  Highly toxic
Toxicity to mammals:  Highly toxic; rat oral LD50 46 mg/kg
Safety hazard:  Avoid direct contact; may be absorbed by ingestion, inhalation, or through skin
Persistence in environment:  Persistent  
Registration status:  Manufacture and use discontinued in the United States

Endosulfan 

Alternative names:  Thiodan®, Thionex®, Malix, Malic, Thimul, Cyclodan; 1,4,5,6,7,7-
hexachloro-5-norbornene-2,3-dimethanol cyclic sulfite
Chemical formula:  C9H6Cl6O3S
Formulation:  Crystals, powder
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  Acute oral LD50 for mallards is 33 mg/kg
Toxicity to mammals:  Acute oral LD50 for rats is 100 mg/kg
Safety hazard:  No information available
Persistence in environment:  Moderately persistent
Registration status:  Not registered as a fish toxicant in the United States

Endrin

Alternative names:  Compound 269, Experimental Insecticide 269, mendrin, nendrin, hexadrin
Chemical formula:  C12H8Cl6O
Formulation:  Crystals, powder
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  Highly toxic and cumulative toxicity 
Toxicity to mammals:  Highly toxic; rat oral LD50 18 mg/kg
Safety hazard:  Avoid direct contact; may be absorbed by ingestion, inhalation, or through skin
Persistence in environment:  Persistent
Registration status:  Manufacture and use discontinued in the United States

Euphorbia antiquorum extract

Alternative names:  Extract from Indian hedge plant
Chemical formula:  No information available
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Formulation:  Powder
Primary use:  Experimental fish toxicant
Secondary use:  No information available
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  No information available
Safety hazard:  No information available
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

GD-174

Alternative names:  2-(digeranylamino)-ethanol
Chemical formula:  C21H43NO
Formulation:  Liquid
Primary use:  Experimental fish toxicant
Secondary use:  Experimental herbicide
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Low toxicity 
Safety hazard:  No information available
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Guthion®

Alternative names:  Gusathion, Methyl Guthion, DBD, Bay 9027
Chemical formula:  C10H12N3O3PS2

Formulation:  Crystals, powder, liquid concentrate
Primary use:  Insecticide
Secondary use:  Selective fish toxicant (removal of centrarchids from bait minnow ponds)
Mode of action:  Cholinesterase inhibitor
Toxicity to fish:  Extremely toxic
Toxicity to birds:  Highly toxic
Toxicity to mammals:  Highly toxic; rat oral LD50 11 mg/kg
Safety hazard:  Protect eyes with safety glasses
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States
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Ichthyothereol

Alternative names:  Cunabi, cunami, cunambi
Chemical formula:  C14H14O2

Formulation:  Extract from leaves of Ichthyothere terminalis
Primary use:  Fish toxicant
Secondary use:  No information available
Mode of action:  Convulsant
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Extremely toxic
Safety hazard:  No information available
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Juglone

Alternative names:  5-hydroxy-1,4-napthoquinone; walnut extract
Chemical formula:  C10H6O3

Formulation:  Powder
Primary use:  Experimental fungicide and bactericide
Secondary use:  Folk medicine; experimental fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Doses of 5 mg/kg were not toxic to dogs, but 10 mg/kg were fatal
Safety hazard:  No hazards identified; protective clothing recommended
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Lime

Alternative names:  Quick lime, burnt lime, caustic lime, calcium oxide
Chemical formula:  CaO (quicklime); Ca(OH)2  ( hydroxide)
Formulation:  Crystals or powder
Primary use:  Building materials
Secondary use:  Pesticides; fish toxicant
Mode of action:  Caustic
Toxicity to fish:  Highly to moderately toxic
Toxicity to birds:  Practically nontoxic
Toxicity to mammals:  No information available
Safety hazard:  Quick lime may cause severe irritation of skin and mucous membranes
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States
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Limil

Alternative names:  No information available
Chemical formula:  No information available
Formulation:  No information available
Primary use:  No information available
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  No information available
Safety hazard:  No information available
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Malathion

Alternative names:  Malathon, carbophos, karbofos, phyphanon
Chemical formula:  C10H19O6PS2

Formulation:  Liquid
Primary use:  Insecticide
Secondary use:  Ectoparasiticide for livestock; fish toxicant
Mode of action:  Cholinesterase inhibitor
Toxicity to fish:  Highly to extremely toxic
Toxicity to birds:  Slightly toxic
Toxicity to mammals:  Slightly toxic
Safety hazard:  Poisonous if swallowed; keep well away from foodstuffs and animal feed
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Ozone

Alternative names: Triatomic oxygen
Chemical formula:  O3

Formulation:  gas
Primary use:  Disinfectant
Secondary use:  Fish toxicant  
Mode of action:  Oxidizing agent
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  High concentration may cause severe irritation of respiratory tract and eyes
Safety hazard:  Avoid inhalation
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States
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Phosphamidon

Alternative names:  Dimicron, OR-1191, ENT 25515, C 570, ML-97
Chemical formula:  C10H19ClNO5P
Formulation:  Oil
Primary use:  Systemic insecticide
Secondary use:  Fish toxicant
Mode of action:  Cholinesterase inhibitor
Toxicity to fish:  Highly toxic
Toxicity to birds:  Highly toxic
Toxicity to mammals:  Highly toxic
Safety hazard:  Prevent inhalation and skin contamination
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Phostoxin®

Alternative names:  Aluminum phosphide, phosphine, Celphos
Chemical formula:  AlP
Formulation:  Crystal, powder
Primary use:  Insecticidal fumigant
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Phosphine highly toxic
Safety hazard:  Avoid inhalation and contact
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Polychlorpinene

Alternative names:  PCIP
Chemical formula:  No information available
Formulation:  Liquid
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Toxic
Safety hazard:  Absorbs through skin, gut, or respiratory tract
Persistence in environment:  Up to 1.5 years in some waters
Registration status:  Not registered as a fish toxicant in the United States
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Potassium permanganate

Alternative names:  Permanganic acid potassium salt, chameleon mineral 
Chemical formula:  KMnO4

Formulation:  Powder
Primary use:  Industrial uses
Secondary use:  Experimental fish toxicant
Mode of action:  Oxidizing agent
Toxicity to fish:  Moderately toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Relatively nontoxic
Safety hazard:  Protective clothing recommended
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Rotenone

Alternative names:  Noxfish®, Pro-Noxfish®, NuSyn-Noxfish®, Chem-fish Regular, Chem-fish
Special, Fish-tox, Derris, Cube’, Derrin, Nicouline, Tubatoxin, Timbe Powder
Chemical formula:  C23H22O6

Formulation:  Liquid, synergized liquid, and powdered plant roots
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  Inhibitor of cellular respiration
Toxicity to fish:  Extremely toxic
Toxicity to birds:  Slightly toxic
Toxicity to mammals:  Moderately toxic
Safety hazard:  Contact causes irritation of eyes and skin; protective clothing recommended
Persistence in environment:  Seldom over 2 weeks; longer in soft or cold water
Registration status:  Some formulations are registered for fishery use

Salicylanilide I

Alternative names:  Sal I, 2',5-dichloro-e-tert-butyl-6-methyl-4'-nitrosalicylanilide
Chemical formula:  C18H18N2O2

Formulation:  Powder
Primary use:  Experimental germicide and fish toxicant
Secondary use:  None
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Unknown, however, its structure is closely related to Bayluscide® 
Safety hazard:  Protective clothing recommended
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Persistence in environment:  Detoxified within a week
Registration status:  Not registered as a fish toxicant in the United States

Saponins

Alternative names:  Sapongenin glycosides
Chemical formula:  No information available
Formulation:  Tea-seed cake
Primary use:  Foaming agent in textile and food industries
Secondary use:  Fish toxicant
Mode of action:  Dissolves red corpuscles
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Low oral toxicity; powerful hemolytic
Safety hazard:  Protective clothing recommended
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Sodium cyanide

Alternative names:  Cyanide
Chemical formula:  NaCN
Formulation:  Cyanogram, Cyan-o-brick, Cyaneggs
Primary use:  Fumigant; electroplating
Secondary use:  Fish toxicant
Mode of action:  Inhibits oxidative enzymes; respiratory failure
Toxicity to fish:  Highly toxic
Toxicity to birds:  Highly toxic
Toxicity to mammals:  Highly toxic
Safety hazard:  Deadly poison; protective clothing required
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Sodium fluoride

Alternative names:  Chemifluor, Florocid, Lemoflur, Ossalin  
Chemical formula:  NaF 
Formulation:  Crystal, powder
Primary use:  Insecticide; industrial uses
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Moderately toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Moderate oral toxicity; rat oral LD50 180 mg/kg
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Safety hazard:  Protective clothing recommended
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Sodium hydroxide

Alternative names:  Caustic soda, soda lye, sodium hydrate
Chemical formula:  NaOH 

Formulation:  Lumps, sticks, pellets, ships, and liquid solutions
Primary use:  Many industrial uses
Secondary use:  Fish toxicant
Mode of action:  Corrosive to all tissues
Toxicity to fish:  Highly to moderately toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Slightly toxic
Safety hazard:  Protective clothing recommended; avoid inhalation of dust or mist
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Sodium nitrite

Alternative names:  Nitrous acid sodium salt
Chemical formula:  NaNO2 
Formulation:  Powder
Primary use:  Industrial uses
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Rat oral LD50 180 mg/kg
Safety hazard:  Protective clothing recommended
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Sodium pentachlorophenate

Alternative names:  Santobrite, Dowicide G, PCP
Chemical formula:  NaC6HCl5O
Formulation:  Powder
Primary use:  Insecticide; herbicide
Secondary use:  Wood preservative; slimicide; fish toxicant
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  No information available
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Toxicity to mammals:  Causes lung, liver, and kidney damage
Safety hazard:  Avoid contact and inhalation; more toxic in organic solvents
Persistence in environment:  Persistent
Registration status:  Not registered as a fish toxicant in the United States

Sodium sulfite

Alternative names:  No information available
Chemical formula:  Na2SO3

Formulation:  Crystal or powder, Heptahydrate (Na2SO3 C 7H2O)
Primary use:  Industrial, photographic developers
Secondary use:  Medical; fish toxicant
Mode of action:  Reducing agent; suffocates fish
Toxicity to fish:  Moderately toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Slightly toxic; mouse LD50 175 mg/kg
Safety hazard:  Protective clothing recommended
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Squoxin

Alternative names:  1,1'-methylenedi-2-naphthol, Sonar 300
Chemical formula:  C12H16O2

Formulation:  Powder, liquid solution, emulsion
Primary use:  Industrial uses
Secondary use:  Selective toxicant for squawfishes (Ptychocheilus spp.)
Mode of action:  Vaso-constrictor
Toxicity to fish:  Extremely toxic to squawfishes; highly to extremely toxic to salmonids and other
fresh-water fishes
Toxicity to birds:  No acute effects in domestic ducks at 14.7 mg/kg/day over 7 days
Toxicity to mammals:  No acute effects in lambs at 1.2 mg/kg/day over 7 days
Safety hazard:  Flammable; use with adequate ventilation
Persistence in environment:  Nonpersistent
Registration status:  Not currently registered as a fish toxicant in the United States

Sumithion®

Alternative names:  Fenitrothion
Chemical formula: O,O-Dimethyl-O-(3-methyl-4-nitrophenyl)phosphorodithioate
Formulation:  Yellow oil
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  Cholinesterase inhibitor
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Toxicity to fish:  Moderately toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Rat oral LD50 250 mg/kg
Safety hazard:  Protective clothing recommended
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

TFM

Alternative names:  3-trifluoromethyl-4-nitrophenol, Lamprecid®
Chemical formula:  CF3C6H3(NO2)OH
Formulation:  Crystalline solid, liquid
Primary use:  Selective toxicant for larvae of sea lamprey (Petromyzon marinus)
Secondary use:  No information available
Mode of action:  Circulatory collapse; sever hemorrhage of respiratory capillaries
Toxicity to fish:  Highly toxic to sea lamprey larvae; highly toxic to teleosts
Toxicity to birds:  Moderately toxic
Toxicity to mammals:  No acute effects in deer or dairy cattle; acute oral LD50 for rabbit is
0.16 g/kg
Safety hazard:  Protective clothing recommended when handling concentrated forms of toxicant
Persistence in environment:  Nonpersistent
Registration status:  Registered as a fish toxicant for restricted use in the United States and Canada

Thanite

Alternative names:  Isobornyl thiocyanoacetate
Chemical formula:  C13H19NO2S
Formulation:  Liquid
Primary use:  Insecticide, especially in cattle sprays
Secondary use:  Fish-collecting aid, fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly to extremely toxic
Toxicity to birds:  No information available
Toxicity to mammals:  Moderately toxic
Safety hazard:  Irritant to eyes and mucous membranes
Persistence in environment:  Nonpersistent
Registration status:  Not registered as a fish toxicant in the United States

Tobacco waste

Alternative names:  Nicotine
Chemical formula:  C10H14N2

Formulation:  Waste portions of tobacco plant; tobacco dust
Primary use:  Fertilizer for fish ponds
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Secondary use:  Insecticide; fish toxicant
Mode of action:  No information available
Toxicity to fish:  Highly toxic (active ingredient)
Toxicity to birds:  Slightly toxic
Toxicity to mammals:  Highly toxic (active ingredient)
Safety hazard:  No information available
Persistence in environment:  No information available
Registration status:  Not registered as a fish toxicant in the United States

Toxaphene

Alternative names:  Chlorinated camphene, Hercules 3956, Phenacide, Phenatox®, Cooper-Tox,
Melipax-Spritzmittel
Chemical formula:  C10H10Cl8

Formulation:  Liquid emulsion
Primary use:  Insecticide
Secondary use:  Fish toxicant
Mode of action:  No information available
Toxicity to fish:  Extremely toxic
Toxicity to birds:  Highly toxic
Toxicity to mammals:  Moderately to highly toxic; rat oral LD50 90 mg/kg
Safety hazard:  Avoid oral or dermal exposure; protective clothing and respirator recommended
Persistence in environment:  Persistent
Registration status:  Not registered as a fish toxicant in the United States
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Appendix D.  Fish Toxicants and Candidate Fish Toxicants
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Table D-1.  Fish toxicants and candidate fish toxicants rated for their potential use as piscicides based on eight criteria (each of which received a rating from 1
to 5).  Higher ratings indicate greater potential.  No rating was assigned (indicated by –) if insufficient information was available for any criterion.  Overall rating
was determined by summing the criteria ratings for each chemical, dividing by the number of points possible, and converting to a percentage.  Chemicals
receiving overall ratings of 75 or greater are bolded and were considered good potential for use as piscicides.

Toxicant Selectivitya
Ease of

Applicationb
Nontarget
toxicityc

Safety to
humansd

Environmental
persistencee Bioaccumulationf Costg

Registration
statush

Overall
rating

Ammonia (urea) 1 1 4 4 4 4 4 3 63

Antimycin 3 4 3 3 5 5 2 5 75

Aqualin (acrolein) 1 2 3 2 3 3 3 1 45

Bayluscide® 3 4 3 4 4 5 3 5 78

Baythroid® 2 3 3 4 4 4 3 2 63

Bleaching powder and
urea

2 4 3 3 4 4 4 2 65

Calcium carbide 3 3 3 3 2 3 3 2 55

Calcium hypochlorite 1 3 2 4 5 5 3 2 63

Copper sulfate
pentahydrate

2 4 3 4 2 3 3 3 60

Croton seed powder 1 3 3 4 – – 4 2 57

Cunaniol 1 3 3 – – – 4 2 52

DANEX-80 4 3 3 3 – – 4 2 63

DDVP 4 3 4 3 4 3 – 2 66

Dibrom®-malathion 4 3 3 3 4 3 3 2 63

Dieldrin 2 3 2 2 1 2 4 1 43

Endosulfan 2 3 3 2 2 2 3 2 48

Endrin 2 3 2 2 2 2 3 1 43
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Table D.1.  Continued

Toxicant Selectivitya
Ease of

Applicationb
Nontarget
toxicityc

Safety to
humansd

Environmental
persistencee Bioaccumulationf Costg

Registration
statush

Overall
rating

Euphorbia antiquorum
extract

4 3 3 – 4 4 4 3 71

GD-174 4 3 4 4 4 4 3 3 73

Guthion® 4 3 2 3 4 3 3 2 60

Ichthyothereol 2 3 2 2 . 3 – 2 47

Juglone 3 3 3 3 4 4 3 3 65

Lime 2 3 4 4 4 5 4 3 73

Limil 2 3 – – – – – 3 53

Malathion 4 3 3 3 4 3 3 2 63

Ozone 2 2 3 4 4 5 3 4 68

Phosphamidon 4 2 2 2 4 3 – 2 54

Phostoxin® 2 3 3 2 4 – – 2 53

Polychlorpinene 2 3 2 2 1 3 – 2 43

Potassium permanganate 2 3 3 4 4 4 4 3 68

Rotenone 2 4 4 4 4 4 3 5 75

Salicylanilide I 2 3 3 3 4 4 3 3 63

Saponins 2 3 3 4 4 3 4 2 63

Sodium cyanide 2 3 2 1 3 3 4 1 48

Sodium fluoride 2 3 3 3 . 4 3 3 60

Sodium hydroxide 2 2 3 3 4 5 3 3 63
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Table D.1.  Continued

Toxicant Selectivitya
Ease of

Applicationb
Nontarget
toxicityc

Safety to
humansd

Environmental
persistencee Bioaccumulationf Costg

Registration
statush

Overall
rating

Sodium nitrite 2 3 3 4 4 5 3 3 68

Sodium
pentachlorophenate

2 3 3 2 3 2 – 2 49

Sodium sulfite 3 4 4 4 4 4 3 3 73

Squoxin 5 4 4 4 4 4 3 4 80

Sumithion® 2 3 3 3 . 3 2 3 54

TFM 5 4 4 4 4 4 3 5 83

Thanite 4 3 3 3 4 3 3 3 65

Tobacco waste 2 3 3 3 3 3 4 3 60

Toxaphene 3 3 1 2 1 2 4 1 43

a1 means nonselective; 5 means highly selective
b1 means difficult to apply; 5 means easy to apply
c1 means toxic to nontarget organisms; 5 means relatively nontoxic
d1 means dangerous; 5 means safe
e1 means persistent; 5 means nonpersistent
f1 means piscicide bioaccumulates; 5 means it does not bioaccumulate
g1 means very expensive; 5 means relatively inexpensive
h1 means probably difficult to obtain registration as a piscicide; 5 means already registered as a piscicide
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Appendix E.  List of Studies for Pesticide Registration

The following test guidelines show studies required to register a pesticide with the U.S.
Environmental Protection Agency.  The actual studies required to register a pesticide are
determined by the U.S. Environmental Protection Agency based on the registrant's intended use. 
 For example, a pesticide used on ornamental plants will have different requirements than a
pesticide used on food crops.
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Appendix F.  Current Labels for All Piscicide Formulations Currently
Registered in the United States and Material Safety Data Sheets for

the Active Ingredients in Those Piscicide Formulations

Included in Appendix F:

Labels for Registered Piscicide Formulations in the United States

Label for Fintrol® Concentrate (23% antimycin A)

Label for Rotenone Fish Toxicant Powder (7.4% active rotenone)

Label for Prentox® Prenfish™ Fish Toxicant Powder (5% active rotenone)

Synpren-fish® Toxicant (2.5% active rotenone)

Lampricid® (38% active TFM)

TFM Bar (23% active TFM)

Bayluscide® Wettable Powder (70% active niclosamide, aminoethanol salt)

Bayluscide® Granular (3.2% active niclosamide, aminoethanol salt)

Bayluscide® Emulsifiable Concentrate (20.6% active niclosamide, aminoethanol salt)

Material Safety Data Sheets for Registered Piscicide Formulations in the United States

Antimycin A

Prentox® Prenfish™ Fish Toxicant Powder (rotenone)

TFM

Bayluside Technical
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Label for Fintrol® Concentrate (23% Antimycin A)
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Label for Rotenone Fish Toxicant Powder (7.4% active rotenone)
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Label for Prentox® Prenfish™ Fish Toxicant Powder (5% active rotenone)
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Synpren-fish® Toxicant (2.5% active rotenone)
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Lampricid® (38% Active TFM)
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TFM Bar (23% Active TFM)

[Front Panel]

RESTRICTED USE PESTICIDE

Due to Acute Eye Irritation, Acute Oral Toxicity and Aquatic Organism Toxicity, Need for
Specialized Equipment and Highly Specialized Applicator Training.

For retail sale to, and use only by, USDI, FWS, State Fish and Game, Fisheries and Oceans
Canada, and Provincial Certified Applicators trained in sea lamprey control or persons under
their direct supervision.

TFM BAR

Active Ingredient:
   TFM, ",","-Trifluoro-4-Nitro-m-Cresol, Free Cresol . . . . . . . . . . . . 23.0%
Inert Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     77.0%
                             TOTAL: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   100.0%      

KEEP OUT OF REACH OF CHILDREN
DANGER

FIRST AID

Have label with you when obtaining treatment advice.

If swallowed • Call a poison control center or doctor immediately for treatment
advice
• Have person sip a glass of water, if able to swallow
• Do not induce vomiting unless told to do so by poison control center
or doctor

If on skin or clothing • Take off contaminated clothing.
• Rinse skin immediately, with plenty of water, for 15-20 minutes.
• Call a poison control center or doctor immediately for treatment
advice.

Page 1 of 7
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If inhaled • Move person to fresh air.
• If person is not breathing, call an ambulance, then give artificial
respiration, preferably mouth-to-mouth, if possible. 
• Call a poison control center or doctor immediately for treatment
advice. 

If in eyes • Hold eye open and rinse slowly and gently with water for 15-20
minutes.  
• Remove contact lenses, if present, after the first 5 minutes, then
continue rinsing eye.
• Call a poison control center or doctor immediately for treatment
advice. 

Hot Line Number: You may also contact 1-800-858-7378 for health concerns, emergency
medical treatment information of pesticide incidents

See Left Panel for additional precautionary statements.

Manufactured by:

Bell Laboratories
Madison, WI 53704

Manufactured For:

Fish and Wildlife Service
United States Department of Interior

18th and C Streets, NW
Washington, DC 20240

EPA Reg. No. 6704-86
EPA Establishment No. 12455-WI-01

Batch No. ___________

Net Contents   _____ lbs.
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PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

DANGER

Acute Hazards: Corrosive.  Causes irreversible eye damage.  May be fatal if swallowed. 
Harmful if absorbed through skin or inhaled.

Hazard Avoidance:   Do not get in eyes, on skin, or on clothing.  Avoid breathing vapors. 
Wear protective clothing as listed under “Personal Protective Equipment.”  Wash thoroughly
with soap and water after handling and before eating or smoking.  Remove contaminated
clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT:

Handlers must wear:

• Protective eyewear (goggles, face shield, or safety glasses)
• Long-sleeved shirt and long pants
• Chemical-resistant gloves (such as Natural Rubber, selection Category A)
• Socks and shoes
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User Safety Requirements:

Follow manufacturer’s instructions for cleaning/maintaining PPE.  If no such instructions are
provided for washables, use detergent and hot water.  Keep and wash PPE separately from
other laundry.

User Safety Recommendations:

Users should wash hands before eating, drinking, chewing gum, using tobacco, or using the
toilet.

Users should remove clothing immediately if pesticide gets inside.  Then wash thoroughly and
put on clean clothing.

Users should remove PPE immediately after handling this product.  As soon as possible, wash
thoroughly and change into clean clothing.

ENVIRONMENTAL HAZARDS

This chemical is toxic to fish and aquatic invertebrates.  Nontarget organisms (such as
freshwater clams and mussels) may be killed at recommended rates.  Directions for use must
be strictly followed to minimize hazards to non-target organisms.  Do not contaminate water
by the cleaning of equipment or disposing of equipment washwaters.  
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DIRECTIONS FOR USE

It is a violation of Federal law to use this product in a manner inconsistent with its labeling.

READ THIS LABEL:

Read the entire label and Sea Lamprey Control Document No. SLC-92-001.3 [Standard
Operating Procedures for Application of Lampricides in the Great Lakes Fishery Commission
Integrated Management of Sea Lamprey (Petromyzon marinus) Control Program] for correct
rates of application.  This product must be used strictly in accordance with both the label’s
precautionary statements and applicable use directions, as well as with all applicable State and
Federal laws and regulations.

GENERAL INFORMATION:

This product contains a fast-acting fish toxicant which kills sea lamprey larvae  in 1-2 hours. 
The mode of action is uncoupling of oxidative phosphorylation.  As many types of nontarget
species are potentially vulnerable to TFM, it is necessary to use care and to follow the
requirements of this label to minimize impacts.

USE RESTRICTIONS:

Use Pattern:

TFM Bars may be used for control of sea lamprey (Petromyzon marinus) in waters in the Great
Lakes Basin, the Lake Champlain system and the Finger Lakes.  Only apply this product
according to this label.

Permits:

Obtain any permits needed from local, State, Provincial and Federal wildlife authorities.

Potable Water:

At least 24 hours prior to application, notify municipalities and agricultural irrigators that
potable and irrigation water will be treated.  Agricultural irrigators must turn off their irrigation
systems for a 24-hour period during and after treatment.  Prior to and during the application of
this chemical, take all appropriate actions to notify public water users and municipalities
including notification actions specified in the application manual referred to above.
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Unauthorized Personnel:

May not be used by unauthorized personnel.

PRE-APPLICATION DIRECTIONS:

Pretreatment Surveys:

Pretreatment surveys are always made to determine abundance of sea lamprey larvae
(Petromyzon marinus).  All waters in the Great Lakes basin, Lake Champlain system and Finger
Lakes that are selected for treatment must first be analyzed on site to determine both the
minimum concentration of TFM required to kill sea lamprey larvae and the maximum
concentration that can be applied without causing undue mortality of non-target organisms.
"Analysis" constitutes live animal bioassays, or the use of multiple regression curves relating
toxicity test results to on-site determination of pH or total alkalinity and conductivity of the
body of water.

Lethal Concentration:

The concentration of TFM needed to kill a sea lamprey larvae may vary depending upon water
chemistry and temperature. Measure volume or flow rate and add the amount of chemical 
necessary at rates based on the foregoing analysis.  Concentration in the body of water must be
monitored by spectrophotometric analysis or high performance liquid chromatography.

APPLICATION DIRECTIONS

Bar Placement: Suspend each bar at least one inch above the bottom of the stream to permit
movement of water on all sides.

TFM Delivery Rate:  When submerged in water, TFM bars dissolve in approximately 8 to 10
hours at 17 °C and 10 to 12  hours at 12 °C in current velocities 0.09 to 0.12 meter/sec.  More
rapid velocities will cause the bars to dissolve faster.  First, calculate the amount of
TFM (grams/hr) needed to supply a lethal concentration to larval sea lampreys in the stream. 
Then calculate the amount of TFM (grams/hr) released from a TFM bar based on the length of
time the bars are expected to last at the prevailing temperature.  Divide the amount of TFM
needed by the amount released per bar to find the number of bars needed.
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STORAGE AND DISPOSAL

Do not contaminate water, food, or feed by storage or disposal.

STORAGE: Store only in original container, in a cool (85°F or less) dry place inaccessible to
children, pets and domestic animals, and where spills and leakage can be contained.  If product
becomes soft or liquifies due to high temperatures, cooling to below 85°F will return it to a solid
state.

PESTICIDE DISPOSAL: Pesticide wastes are acutely hazardous.  Improper disposal of excess
pesticide, spilled bait, or rinsate is a violation of Federal law.  If these wastes cannot be disposed
of according to instructions in the application manual, contact your State Pesticide or
Environmental Control Agency, or the Hazardous Waste representative at the nearest EPA
Regional Office for guidance.

CONTAINER DISPOSAL: Dispose of empty plastic wrappers and packing cartons in a sanitary
landfill, or if allowed by state and local authorities, by burning.  If burned, stay out of smoke.
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Bayluscide® Wettable Powder (70% Active Niclosamide, Aminoethanol Salt)
[Front Panel]

RESTRICTED USE PESTICIDE

Due to Aquatic Organism Toxicity, Need for Specialized Equipment and Highly Specialized
Applicator Training.

For retail sale to, and use only by, USDI, FWS, State Fish and Game, Fisheries and Oceans
Canada, and Provincial Certified Applicators trained in sea lamprey control or persons under
their direct supervision.

BAYLUSCIDE 70% WETTABLE POWDER-SEA LAMPREY LARVICIDE

Active Ingredient:
   Niclosamide, Aminoethanol Salt1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  70.0%
Inert Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     30.0%
                             TOTAL: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   100.0%      
1Niclosamide, Active Equivalent (a.e.) = 59.0%

KEEP OUT OF REACH OF CHILDREN
CAUTION

FIRST AID

Have label with you when obtaining treatment advice.

If on skin or clothing •Take off contaminated clothing.
•Rinse skin immediately with plenty of water for 15-20 minutes.
•Call a poison control center, doctor or 1-800-858-7378 immediately
for treatment advice.

If inhaled •Move person to fresh air.
•If person is not breathing, call an ambulance, then give artificial
respiration, preferably mouth-to-mouth, if possible. 
•Call a poison control center or doctor immediately for treatment
advice. 
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If in eyes •Hold eye open and rinse slowly and gently with water for 15-20
minutes.  
•Remove contact lenses, if present, after the first 5 minutes, then
continue rinsing eye.
•Call a poison control center or doctor immediately for treatment
advice. 

See Left Panel for additional precautionary statements.

Manufactured by:

Pro-Serve
400 E. Brooks Rd., P.O. Box 161059

Memphis, TN 38186-1059

Manufactured For:

Fish and Wildlife Service
United States Department of Interior

18th and C Streets, NW
Washington, DC 20240

EPA Reg. No. 6704-87
EPA Establishment No. 33560-TN-01

Batch No. ___________

Net Contents   _____ lbs.
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[Left Panel]

PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

CAUTION
Acute Hazards:  Harmful if absorbed through skin or inhaled.   Causes moderate eye irritation. 

Hazard Avoidance:   Do not get in eyes, on skin, or on clothing.   Avoid breathing dust.  Wear
protective clothing as listed under “Personal Protective Equipment”.   Wash thoroughly with
soap and water after handling and before eating or smoking.  Remove contaminated clothing
and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT:

Handlers must wear:

• Long-sleeved shirt and long pants
• Chemical-resistant gloves (such as rubber or made out of any water-proof material)
• Socks and shoes

User Safety Requirements:

Follow manufacturer’s instructions for cleaning/maintaining PPE.  If no such instructions are
provided for washables, use detergent and hot water.  Keep and wash PPE separately from
other laundry.

User Safety Recommendations:

Users should wash hands before eating, drinking, chewing gum, using tobacco, or using the
toilet.

Users should remove clothing immediately if pesticide gets inside.  Then wash thoroughly and
put on clean clothing.

Users should remove PPE immediately after handling this product.  As soon as possible, wash
thoroughly and change into clean clothing.
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ENVIRONMENTAL HAZARDS

This chemical is toxic to fish and aquatic invertebrates.  Nontarget organisms (such as
freshwater clams and mussels) may be killed at rates recommended on this label.  Directions
for use must be strictly followed to minimize hazards to non-target organisms.  Do not
contaminate water by the cleaning of equipment or disposing of equipment washwaters.  
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[Right Panel]
DIRECTIONS FOR USE

It is a violation of Federal law to use this product in a manner inconsistent with its labeling.

READ THIS LABEL:

Read the entire label and Sea Lamprey Control Document No. SLC-92-001.3 [Standard
Operating Procedures for Application of Lampricides in the Great Lakes Fishery
Commission Integrated Management of Sea Lamprey (Petromyzon marinus) Control
Program] for correct rates of application.  This product must be used strictly in
accordance with both label’s precautionary statements and applicable use directions, as
well as with all applicable State and Federal laws and regulations.

Before using this product, obtain all necessary  permits.

GENERAL INFORMATION:

This product contains a fast-acting fish toxicant which kills sea lamprey larvae  in 1-2 hours. 
The mode of action is uncoupling of oxidative phosphorylation.  As many types of nontarget
species are potentially vulnerable to Bayluscide, it is necessary to use care and to follow the
requirements of this label to minimize impacts.

USE RESTRICTIONS:

Use Pattern:

Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide may be used as an additive in
combination with TFM (EPA Reg. No. 6704-45) for control of sea lamprey (Petromyzon
marinus) in waters in the Great Lakes Basin, the Lake Champlain system, and the Finger Lakes. 
Application of Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide may be made as a
simultaneous addition with TFM to reduce the amount of TFM required or as a subsequent
addition downstream to enhance TFM larvicidal activity.

Pre-Application Notification:

Prior to and during the application of this chemical, take all appropriate actions to notify public
water users including notification actions specified in the application manual referred to above.

Aerial Application:

Aerial application of this product is prohibited.
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Pretreatment Surveys:

Prior to using Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide-TFM, pretreatment
surveys must be made to determine populations of larvae.  All waters selected for treatment
must first be analyzed on site to determine both the minimum concentration of material required
to kill lamprey larvae and the maximum concentration that can be applied without causing
undue fish mortality.  "Analysis" constitutes live animal toxicity tests or the use of a regression
established by past toxicity tests and the total alkalinity and pH of the water.

Lethal Concentration:

Lethal concentration may vary depending upon water chemistry and temperature.  Carefully
calculate stream discharge and add the amount of lampricide necessary to kill lamprey larvae
with minimal fish mortality.  Use application devices that accurately deliver Bayluscide at
calculated rates.  Bayluscide concentrations will be monitored by high-performance liquid
chromatography to insure that minimum lethal concentrations for sea lampreys are maintained
and calculated maximum concentrations are not exceeded.

Application Directions:

Prior to and during the application of this chemical, take appropriate actions to notify public
water users including notification actions specified in the Sea Lamprey Control Document No.
SLC-92-001.3.  When using Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide as an
additive  in combination with TFM, mix in proportions that result in a final concentration of
Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide of not more than 2% of TFM by
weight (based on active ingredient).  Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide
may be added to TFM in two ways:

1. One method of application is to apply both lampricides at the primary application site.  TFM
is metered into the stream while Bayluscide 70% Wettable Powder-Sea Lamprey Larvicide is
applied  with a separate pump system in amounts calculated to deliver the desired ratio of
Bayluscide to TFM. 

2. A second application method is to apply Bayluscide 70% Wettable Powder-Sea Lamprey
Larvicide into an existing TFM bank.  Because a TFM bank can be diluted by ground water,
swamp seepage, untreated tributaries, occasional rain, or other conditions that cannot be
included when the application rates are calculated, the toxicity of the bank in the stream must be
raised by the addition of TFM or Bayluscide. The latter may be used in place of TFM. In these
situations, TFM alone is pumped into the stream at the primary application site.  Bayluscide
70% Wettable Powder-Sea Lamprey Larvicide is introduced into the TFM bank at a point or
points downstream in amounts calculated to produce the desired Bayluscide to TFM ratio.
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STORAGE AND DISPOSAL

Do not contaminate water, food, or feed by storage or disposal.

STORAGE: Store only in original container, in a dry place inaccessible to children, pets, and
domestic animals and where spills and leakage can be contained.  Spills: Handle and open
container in a manner that will prevent spillage.  If the container is leaking or material is spilled
for any reason or cause, contain spill with a barrier of absorbent material.  Refer to Precautionary
Statements on label for hazards associated with the handling of this material.  Do not walk
through spilled material.  Dispose of pesticide as directed above.  In spill or leak incidents, keep
unauthorized people away.  For decontamination procedures or any other assistance that may be
necessary, contact Chemtrec at 1-800-424-9300.

PESTICIDE DISPOSAL: Pesticide wastes are acutely hazardous.  Improper disposal of excess
pesticide, spilled bait, or rinsate is a violation of Federal law.  If these wastes cannot be disposed
of by use according to label instructions, contact your State Pesticide or Environmental Control
Agency, or the Hazardous Waste representative at the nearest EPA Regional Office for guidance.

CONTAINER DISPOSAL: Triple rinse (or equivalent), and then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill, or by incineration, or, if allowed
by state and local authorities, by burning.  If burned, stay out of smoke.
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Bayluscide® Granular (3.2% Active Niclosamide, Aminoethanol Salt)

EPA Reg. No. 6704-91 - April 24, 2003
Bayluscide 3.2% Granular Sea Lamprey Larvicide

[Front Panel]

RESTRICTED USE PESTICIDE

Due to Aquatic Organism Toxicity, Need for Specialized Equipment and Highly Specialized
Applicator Training.

For retail sale to, and use only by, USDI FWS, State Fish and Game, Fisheries and Oceans
Canada, and Provincial Certified Applicators trained in sea lamprey control.

BAYLUSCIDE 3.2% Granular Sea Lamprey Larvicide

Active Ingredient:  Niclosamide, Aminoethanol Salt1  . . . . . . . . . . .    3.2%
Inert Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96.8%
                             TOTAL: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.0%      
[1Niclosamide, Active Equivalent (a.e.) = 2.7%]

KEEP OUT OF REACH OF CHILDREN

CAUTION

FIRST AID
Have label with you when obtaining treatment advice.

If swallowed •Call a poison control center or doctor immediately for treatment
advice.
•Have person sip a glass of water if able to swallow.
•Do not induce vomiting unless told to do so by the poison control
center or doctor.

If on skin or clothing •Take off contaminated clothing.
•Rinse skin immediately with plenty of water for 15-20 minutes.
•Call a poison control center or doctor immediately for treatment
advice.
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If in eyes •Hold eye open and rinse slowly and gently with water for 15-20
minutes.  
•Remove contact lenses, if present, after the first 5 minutes, then
continue rinsing eye.
•Call a poison control center or doctor or 1-800-858-7378
immediately for treatment advice. 

See Left Panel for additional precautionary statements.

Manufactured by:

Coating Place, Inc.
P.O. Box 930310
Verona, WI 53593

Manufactured For:

Fish and Wildlife Service
United States Department of Interior
18th and C Streets, NW
Washington, DC 20240

EPA Reg. No. 6704-91
EPA Establishment No. 043108-WI-001

Batch No. ___________

Net Contents   _____ lbs.
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[Left Panel]

PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

CAUTION
Acute Hazards:  Harmful if swallowed.  Harmful if absorbed through skin.   Causes moderate
eye irritation. 

Hazard Avoidance:  Do not get in eyes, on skin, or on clothing.   Wear protective clothing as
listed under “Personal Protective Equipment.”  Wash thoroughly with soap and water after
handling and before eating, drinking, chewing gum, using tobacco, or using the toilet. 
Prolonged or frequently repeated skin contact may cause allergic reactions in some individuals. 
Remove contaminated clothing and wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT:

Handlers must wear:

• Long-sleeved shirt and long pants
• Chemical-resistant gloves (such as rubber or made out of any water-proof material,

Selection Category A)
• Socks and shoes

User Safety Requirements:

Follow manufacturer’s instructions for cleaning/maintaining PPE.  If no such instructions are
provided for washables, use detergent and hot water.  Keep and wash PPE separately from other
laundry.

User Safety Recommendations:

Users should wash hands before eating, drinking, chewing gum, using tobacco, or using the toilet.

Users should remove clothing immediately if pesticide gets inside, then wash thoroughly and put
on clean clothing.

Users should remove PPE immediately after handling this product.  As soon as possible, wash
thoroughly and change into clean clothing.
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ENVIRONMENTAL HAZARDS

This chemical is toxic to fish and aquatic invertebrates.  Nontarget aquatic organisms may be
killed at rates recommended on this label.  Directions for use must be strictly followed to
minimize hazards to nontarget organisms.  Do not contaminate water by the cleaning of
equipment or disposing of equipment washwaters.
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[Right Panel]

DIRECTIONS FOR USE

It is a violation of Federal law to use this product in a manner inconsistent with its labeling.

READ THIS LABEL

Read the entire label and Technical Operating Procedures of the Sea Lamprey Control
Document No. SLC-92-001.3 [Manual for Application of Lampricides in the U.S. Fish and
Wildlife Service Sea Lamprey (Petromyzon marinus) Control Program] for correct rates of
application.  This product must be used strictly in accordance with the label’s precautionary
statements and applicable use directions, as well as with all applicable State and Federal laws
and regulations.

GENERAL INFORMATION

This product contains a fast-acting fish toxicant which kills sea lamprey larvae in 1-2 hours. 
The mode of action is uncoupling of oxidative phosphorylation.  As many types of nontarget
aquatic species are potentially vulnerable to Bayluscide, it is necessary to use care and to follow
the requirements of this label to minimize impacts.

USE RESTRICTIONS

Use Pattern:

Bayluscide 3.2% Granular Sea Lamprey Larvicide is used in waters of the Great Lakes basin, the
Lake Champlain system, and the Finger Lakes.  This formulation may be used alone or in
conjunction with applications of TFM, or the combination of TFM and Bayluscide 70%
Wettable Powder Sea Lamprey Larvicide.  Bayluscide 3.2% Granular Sea Lamprey Larvicide
may also be used as a assessment tool in deep or turbid water.  When applied to a water’s
surface, the granules fall rapidly to the bottom where they are lethal to sea lamprey larvae.

Pre-application Notification:

Prior to and during the application of this chemical, take all appropriate actions to notify public
water users, including notification actions specified in the application manual referred to above.

Permits:

Obtain any permits needed from Local, State, Provincial, and Federal wildlife agencies.
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Potable Water:

Local, State, and Provincial Fish and Game agencies must be contacted before product is
applied.  Municipalities that use streams requiring treatment as potable water sources must be
notified of the impending treatment at least 24 hours prior to application.  Agricultural irrigators
that use streams requiring treatment as a source of irrigation water must turn off their irrigation
systems for a 24-hour period during and after treatment.

Unauthorized Personnel:

May not be used by unauthorized personnel.

PRE-APPLICATION DIRECTIONS

Aerial Application:

Aerial application of this product is prohibited.

Pretreatment Surveys:

Prior to using Bayluscide 3.2% Granular Sea Lamprey Larvicide, pretreatment surveys must be
made to determine populations of larvae.

APPLICATION DIRECTIONS

Persons applying Bayluscide 3.2% Granular Sea Lamprey Larvicide must follow Sea Lamprey
Control Document No. SLC-92-001, "Standard Operating Procedure for Application of
Lampricides in the Great Lakes Fishery Commission's Integrated Management of Sea Lamprey
(Petromyzon marinus) Control Program," and ensure that the correct application rates are used. 
Prior to and during the application of this chemical, take appropriate actions to notify public
water users, including notification actions specified in this manual.  Determine water
temperatures and pH.  For best results, apply granules at water temperatures greater than 10 °C
and pH greater than 7.  Measure the area to be treated (length x width, in feet).  Place markers to
delineate the plot perimeter.  Compute the total surface area to be treated in square feet. 
Application rate for Bayluscide 3.2% Granular Sea Lamprey Larvicide is 5 lb. AI/Acre. 
Compute the weight of granules to apply: lbs. of formulation required = square feet to be
treated x .00359 lbs. formulation/sq. foot.  Use equipment that can be accurately calibrated to
distribute the required amount of Bayluscide 3.2% Granular Sea Lamprey Larvicide evenly over
the area to be treated.
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STORAGE AND DISPOSAL

Do not contaminate water, food, or feed by storage or disposal.

STORAGE: Store only in original container, in a dry place inaccessible to children, pets, and
domestic animals and where spills and leakage can be contained.
Spills: Handle and open container in a manner that will prevent spillage.  If the container is
leaking or material is spilled for any reason or cause, contain spill with a barrier of absorbent
material.  Refer to Precautionary Statements on label for hazards associated with the handling of
this material.  Do not walk through spilled material.  Dispose of pesticide as directed above. 
In spill or leak incidents, keep unauthorized people away.  For decontamination procedures or any
other assistance that may be necessary, contact Chemtrec at 1-800-424-9300.

PESTICIDE DISPOSAL:  Improper disposal of excess pesticide or rinsate is a violation of
Federal law.  If these wastes cannot be disposed of by use according to label instructions, contact
your State Pesticide or Environmental Control Agency, or the Hazardous Waste representative at
the nearest EPA Regional Office for guidance.

CONTAINER DISPOSAL: Triple rinse (or equivalent), and then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill, or by incineration, or, if allowed
by state and local authorities, by burning.  If burned, stay out of smoke.
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Bayluscide® Emulsifiable Concentrate (20.6% Active Niclosamide, Aminoethanol Salt)

[Front Panel]

RESTRICTED USE PESTICIDE

Due to Eye Corrosiveness to Humans; Aquatic Organism Toxicity, Need for Specialized
Equipment and Highly Specialized Applicator Training.

For retail sale to, and use only by, USDI FWS, State Fish and Game, Fisheries and Oceans
Canada, and Provincial Certified Applicators trained in sea lamprey control or persons under
their direct supervision.

BAYLUSCIDE 20% EMULSIFIABLE CONCENTRATE

Active Ingredient:
   Niclosamide. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     20.6%
Inert Ingredients: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     79.4%
                             TOTAL: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   100.0%       

KEEP OUT OF REACH OF CHILDREN
DANGER

Corrosive to the eye and Skin Sensitizer

FIRST AID

Have label with you when obtaining treatment advice.

If swallowed •Call a poison control center or doctor immediately for treatment
advice.
•Have person sip a glass of water if able to swallow.
•Do not induce vomiting unless told to do so by the poison control
center or doctor.

If on skin or clothing •Take off contaminated clothing.
•Rinse skin immediately with plenty of water for 15-20 minutes.
•Call a poison control center or doctor immediately for treatment
advice.
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If inhaled •Move person to fresh air.
•If person is not breathing, call an ambulance, then give artificial
respiration, preferably mouth-to-mouth, if possible. 
•Call a poison control center or doctor immediately for treatment
advice. 

If in eyes •Hold eye open and rinse slowly and gently with water for 15-20
minutes.  
•Remove contact lenses, if present, after the first 5 minutes, then
continue rinsing eye.
•Call a poison control center or doctor immediately for treatment
advice. 

NOTE TO PHYSICIAN

Probable mucosal damage may contraindicate the use of gastric lavage.  No specific antidote is
available.  Treat symptomatically.  See additional PRECAUTIONARY STATEMENTS on
Left/Right/Side Panel.
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[Left Panel]

PRECAUTIONARY STATEMENTS

HAZARDS TO HUMANS AND DOMESTIC ANIMALS

DANGER
Acute Hazards:  Corrosive.  Causes irreversible eye damage.  Harmful if absorbed through
skin.  Prolonged or frequently repeated skin contact may cause allergic reactions in some
individuals. 

Hazard Avoidance:   Do not get in eyes, on skin, or on clothing.  Wear protective clothing and
protective eyewear as listed under “Personal Protective Equipment.”  Wash thoroughly with
soap and water after handling and before eating or smoking.  Remove contaminated clothing and
wash before reuse.

PERSONAL PROTECTIVE EQUIPMENT:

Handlers must wear:

• Long-sleeved shirt and long pants
• Chemical-resistant gloves (such as nitrile or butyl))
• Socks and shoes
• Protective eyewear (goggles, face shield, or safety glasses)
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[Right Panel]

User Safety Requirements:

Follow manufacturer’s instructions for cleaning/maintaining Personal Protective Equipment
(PPE).  If no such instructions are provided for washables, use detergent and hot water.  Keep and
wash PPE separately from other laundry.

User Safety Recommendations:

Users should wash hands before eating, drinking, chewing gum, using tobacco, or using the toilet.

Users should remove clothing immediately if pesticide gets inside.  Then wash thoroughly and
put on clean clothing.

Users should remove PPE immediately after handling this product.  As soon as possible, wash
thoroughly and change into clean clothing.

ENVIRONMENTAL HAZARDS

This chemical is toxic to fish and aquatic invertebrates.  Nontarget organisms (such as
freshwater clams and mussels) may be killed at rates recommended on this label.  Directions for
use must be strictly followed to minimize hazards to non-target organisms.  Do not contaminate
water by the cleaning of equipment or disposing of equipment washwaters.  

PERMITS

Obtain any permits needed from local, State, Provincial, and Federal wildlife authorities.

POTABLE WATER

At least 24 hours prior to application, notify municipalities and agricultural irrigators that
potable and irrigation water will be treated .  Agricultural irrigators must turn off their irrigation
systems for a 24-hour period during and after treatment.

UNAUTHORIZED PERSONNEL

May not be used by unauthorized personnel.
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UNITED STATES DEPARTMENT OF
INTERIOR
Fish and Wildlife Service
18th and C Streets, NW
Washington, DC 20240
EPA Reg. No. 6704-OE

Manufacturing by
Pro-Serve
400 E. Brooks Road
P.O. Box 161059
Memphis, TN 38186-1059
EPA Est. No. 33560-TN-01

Net Contents: ________

DIRECTIONS FOR USE

It is a violation of Federal law to use this product in a manner inconsistent with its labeling.

READ THIS LABEL:

Read the entire label and Sea Lamprey Control Document No. SLC-92-001.3 [Manual for
Application of Lampricides in the U.S. Fish and Wildlife Service Sea Lamprey (Petromyzon
marinus) Control Program] for correct rates of application.  This product must be used
strictly in accordance with both label’s precautionary statements and applicable use
directions, as well as with all applicable State and Federal laws and regulations.

Before using this product, obtain all necessary  permits.

GENERAL INFORMATION:

This product contains a fast-acting fish toxicant which kills sea lamprey larvae  in 1-2 hours.  The
mode of action is uncoupling of oxidative phosphorylation.  As many types of nontarget species
are potentially vulnerable to Bayluscide, it is necessary to use care and to follow the requirements
of this label to minimize impacts.

USE RESTRICTIONS:

Use Pattern:

Baylusicide 20% Emulsifiable Concentrate may be used as an additive in combination with TFM
(EPA Reg. No. 6704-45) for control of sea lamprey (Petromyzon marinus) in waters in the Great
Lakes Basin, the Lake Champlain system, and the Finger Lakes.  Application of Bayluscide 20%
Emulsifiable Concentrate may be made as a simultaneous addition with TFM to reduce the
amount of TFM required or as a subsequent addition downstream to enhance TFM larvicidal
activity.
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Pre-Application Notification:

Prior to and during the application of this chemical, take all appropriate actions to notify public
water users including notification actions specified in the application manual referred to above.

Aerial Application:

Aerial application of this product is prohibited.

Pretreatment Surveys:

Prior to using Bayluscide 20% Emulsifiable Concentrate-TFM, pretreatment surveys must be
made to determine populations of larvae.  All waters selected for treatment must first be analyzed
on site to determine both the minimum concentration of material required to kill lamprey larvae
and the maximum concentration that can be applied without causing undue fish mortality. 
"Analysis" constitutes live animal toxicity tests or the use of a regression established by past
toxicity tests and the total alkalinity and pH of the water.

Lethal Concentration:

Lethal concentration may vary depending upon water chemistry and temperature.  Carefully
calculate stream discharge and add the amount of lampricide necessary to kill lamprey larvae
with minimal fish mortality.  Use application devices that accurately deliver Bayluscide at
calculated rates.  Bayluscide concentrations will be monitored by gas chromatography or by
high-performance liquid chromatography to insure that minimum lethal concentrations for sea
lampreys are maintained and calculated maximum concentrations are not exceeded.

Application Directions:

Prior to and during the application of this chemical, take appropriate actions to notify public
water users including notification actions specified in the Sea Lamprey Control Document No.
SLC-92-001.3.  When using Bayluscide 20% Emulsifiable Concentrate as an additive  in
combination with TFM, mix in proportions that result in a final concentration of Bayluscide 20%
Emulsifiable Concentrate of not more than 2% of TFM by weight (based on active ingredient). 
Bayluscide 20% Emulsifiable Concentrate may be added to TFM in two ways:

1. One method of application is to apply both lampricides at the primary application site.  TFM is
metered into the stream while Bayluscide 20% Emulsifiable Concentrate is applied  with a
separate pump system in amounts calculated to deliver the desired ratio of Bayluscide to TFM. 

2. A second application method is to apply Bayluscide 20% Emulsifiable Concentrate into an
existing TFM bank.  Because a TFM bank can be diluted by ground water, swamp seepage,
untreated tributaries, occasional rain, or other conditions that cannot be included when the
application rates are calculated, the toxicity of the bank in the stream must be raised by the
addition of TFM or Bayluscide. The latter may be used in place of TFM. In these situations, 
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TFM alone is pumped into the stream at the primary application site.  Bayluscide 20%
Emulsifiable Concentrate is introduced into the TFM bank at a point or points downstream in
amounts calculated to produce the desired Bayluscide to TFM ratio.

STORAGE AND DISPOSAL

Do not contaminate water, food, or feed by storage or disposal

STORAGE: Store only in original container, in a dry place inaccessible to children, pets, and
domestic animals.

PESTICIDE DISPOSAL: Pesticide wastes are acutely hazardous.  Improper disposal of excess
pesticide, spilled bait, or rinsate is a violation of Federal law.  If these wastes cannot be disposed
of by use according to label instructions, contact your State Pesticide or Environmental Control
Agency, or the Hazardous Waste representative at the nearest EPA Regional Office for guidance.

CONTAINER DISPOSAL:  Triple rinse (or equivalent), and then offer for recycling or
reconditioning, or puncture and dispose of in a sanitary landfill, or by incineration, or, if allowed
by state and local authorities, by burning.  If burned, stay out of smoke.
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Material Safety Data Sheet for Antimycin A
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Material Safety Data Sheet for Prentox® Prenfish™ Fish Toxicant Powder (rotenone)
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Material Safety Data Sheet for TFM
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Material Safety Data Sheet for Bayluside Technical
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