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The chemicals 3-trifluoromethyl-4-nitrophenol (TFM) or a combination of TFM and 
2',5-dichlors-4'-nitrc~s~licylanilide (Bayer 73) have been used to control the sea lamprey 
(Petrontyzon marinus) in the Great Lakes for about 20 yr. These chemicals cause some mor- 
talities of Oligochaeta and Hirudinea, immature forms of Ephemeroptera (Hexugenia sp.), 
and certain Trichoptera, Simuliidae, and Amphibia (Necturus sp.). The combination of TFM 
and Bayer 73 may af'fect some Pelecypoda and Gastropoda, but its overall effects on inverte- 
brates are probably less than those of TFM alone. Granular Bayer 73 is likely to induce mor- 
talities among oligochaetes, microcrustaceans, chironomids, and pelecypods. No evidence 
exists that the lampricides have caused the catastrophic decline or disappearance of any species. 
The overail impact of chemical control of sea lampreys on aquatic communities has been minor 
compared with the benefits derived. 
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t e s  substances chirniques 3-trifluoromethyl-4-nitrophknol (TFM) ou une combinaison de 
TFM et de 2',5-diehloro-4'-nitrosalicylanilide (Bayer 73) ont ete utiliskes dans le contr8le de la 
grande lamproie marine (Perrornjzon marinus) dans les Crands Lacs pendant environ 20 ans. 
Ces substances causent une certaine mortalitd chez les Oligochaeta et Hirudinea, les fumes 
immatures dqEphemeroptera (Hexugeniu sp.) et certains Trichoptera, Simuliidae et Amphibia 
(Necrldrrrs sp.). [,a combinaison TFM et Rayer 73 peut affecter certains Pelecypoda et Castro- 
pada mais, dans l'ensemble, ses effets sur les invertkbres sont probablement moindres que 
ceux de TFM 5eul. Bayer 73 granulcux est susceptible de dedencher des mortalitC5 parmi 
ies oligochktes, n~icrocrustads, chironomides et p6lkypodes. Wous n'avons pas de preuve que 
les lampricides ont cause le ddclin s u  la cfisparition catastrophiques d'aucune espkce. L'6ffet 
global du contrale chimique de la grande lan~proie marine sur les c o ~ m u n a u t b  aquatiques a 
ete minime comparativement aux avantages qui en ont decoul6. 
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SEA lamprey co~atrol in tributaries of the Great  Lakes 
began with installation of mechanical and electrical 
barriers (weirs) in the 1950s to block adult lampreys 
from their spawning grounds. The  control of sea lam- 
preys with chemicaIs began in 1958 with the applica- 
tion of 3-trifluosomethyl-4-nitrophenol (TFM) to 
tributary streams to  kill the  larval lampreys burrowed 
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in the stream bottom. I n  1963, it was discovered that 
the addition of small amounts of 2',5-dichloro-4-'nitro- 
salicylanilide (Bayer 73)  ( u p  to  2% ) significantIy re- 
duced the amount of T F M  needed in stream treatments 
and  sinailarly reduced the cost of treatment (Howell 
et  al. 1964).  Combinations of TFM and Bayer '73 have 
been used since 1963 for treatment of the Iarger tribu- 
taries of the Great  Lakes. Most of the  more t h m  400 
tributaries found to harbor sea lampreys have been 
treated with either TFM o r  the mixture, and many 
have been treated several times in  the  21-yr time span. 

Early efforts a t  lamprey control were concentrated 
o n  the  stream environments, but in the early 1960s, 
significant populations of ammocoetes were found to in- 
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habit certain lentic areas in inland lakes and the Great 
Lakes near the mouths of lamprey-spawning streams. 
The lentic areas were difficult to survey, and collection 
efforts with bottom dredges or electric trawls did not 
reveal the full extent of these lentic populations. Tn 
1966, a granular formulation of Bayer 73 (5% active 
ingredient) was shown to be an irritant that caused 
larval lampreys to leave their burrows and swim to the 
surface of the water where they could bc collected 
(E. L. King Jr., and J. H. Howell, U.S. Bureau of 
Sport Fisheries and Wildlife. Great Lakes Fishery La- 
boratory, Administrative Report, 1970, mimeograph). 
This chemical technique provided better estimates of 
ammocoete populations and made it possible to survey 
lentic habitats effectively. Bayer 73 also acts as a lam- 
pricide arad since 1966, many lentic areas in the Great 
Lakes drainage have been treated with the chemical. 

Although the primary studies on lampricide chemi- 
cals were directed toward the development of efficient 
and effective methods to control lampreys, some studies 
have been made on the effects of the chemicals on other 
aquatic organisms. 

The objective of this paper is to review the existing 
information on the effects of lampricides on plants, in- 
vertebrates, and amphibians in aquatic habitat and to 
provide an assessment of the observed and potential 
impact of lampricides on populations of these or- 
ganisms. 

TFM 

The lampricide is applied at one or anore points in 
a stream, depending on the extent of the stream system, 
the velocity and flow patterns, and the concentrations 
needed for effective control of lampreys in the particu- 
lar stream. The amount of chemical applied at each 
point is that which will maintain a concentration lethal 
to lampreys to the next application point downstream, 
without exceeding the maximum concentration that is 
safe for salmonid fishes. Therefore the areas of the 
stream just downstream from application points are 
often exposed to much higher concentrations of the 
chemical than are some other areas farther downstream. 
The minimum effective and maximum allowable con- 
centrations are usually 1-3 and 3-9 mg/L, respectively, 
in Lake Superior tributaries, and 2-8 and 6-16 mg/L, 
respectively. in tributaries to Lakes Michigan and 
Huron (Smith and Braem 1976). 

FACTORS AFFECTING TOXICITY 

The minimum effective concentration of TFM for 
control of sea lampreys varies considerably from stream 
to stream. In tributaries to Lake Huron treated in 1975, 
the minimum effective concentration ranged from 1.5 
mg/L in the Carp River t s  11.0 mgiL in the Pine 
River. 

Bawson et al. (1975) demonstrated that temperature 
has little influence on the toxicity of TFM and that the 

toxicity of the compound to larval sea lampreys de- 
creases as pH and hardness of the water increase. 
Marking and Olson (1975) demonstrated that pH and 
hardness also affected the toxicity of TFM to bony 
fishes, but found that the toxicity of the chemical gen- 
erally increased as water temperatures increased. 

It has not been conclusively determined that the 
toxicity of TFM to plants and invertebrates is affected 
to the same degree by the same factors that affect the 
toxicity to sea lamprey larvae and other fish. Mawatski 
et al. (1975) showed that the toxicity of TFM to 
Chironsrnus tentans was decreased by high pH and 
hardness. Fremling (1975) showed a similar trend for 
Hexagenin mayflies and demonstrated a 60-fold de- 
crease in toxicity between pH 6.5 and 9.5. Therefore, 
it appears that the relative toxicity of TFM to inverte- 
brates follows approximately the same pattern from 
stream to stream as does the toxicity to lampreys, and 
that the safety index between invertebrates and lam- 
preys is relatively constant. Concentrations of TFM in 
this paper are expressed as active ingredient, and the 
terms such as sensitive, resistant, and highly resistant 
are used to provide only general comparisons of the 
sensitivity of nontarget organisms with that of larval 
sea lampreys. 

Numerous investigators have observed the effects s f  
TFM on invertebrates in laboratory tests or in thc field 
before and after stream treatments. Comparisons of 
results between investigators are difficult because labora- 
tory tests were done in waters with widely different 
chemical characteristics, and few of the investigators 
included sea lamprey larvae in their tests. Thus it is 
difficult to establish the relative sensitivity of lampreys 
to that of other organisms in a particular type of water. 
Furthermore, field studies generally have not included 
enough replicate samples to lend statistical validity to 
the results. However, an examination of the overall 
data contributed by the several lahoratory and field 
studies establishes trends and provides sufficient in- 
formation on which to base certain conclusions. 

The sources of data cited here as listed as ( 1  ) labora- 
tory studies (also referred to as 24-h tests or LC50 
values). (2)  field studies, and (3)  treatment summaries. 
The more comprehensive laboratory studies were done 
by Smith ( I  967) and Maki et al. (1975a), in which 
large numbers of organhms were exposed to TFM 
under relatively controlled conditions. Tn field studies, 
Torblaa (1968) sampled seven treated streams and 
two untreated streams, some for up to 6 wk after treat- 
ment and others up to 1 yr. Haas (1970) sampled be- 
fore and 3-4  d after two separate treatments in a single 
stream. Treatment summaries consisted of notes and 
nonprecise estimates of mortality gleaned from sum- 
marv sheets of past stream treatments done by the 
Ludington and hlarquette Biological Stations in hlichi- 
gan. The observations were summarized by lake basin 
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and by organism. If a treatment report did not contain 
observations on mortality of nontarget org:inisms, there 
was no way to determilme whether there was any rncrr- 
tality, or  whether any observations were made. There- 
fore. the percentage occurrence of mortality of any 
particular organism given represents the percentage of 
the total number sf times mortality of any organism 
was recorded, not the percentage of times naortality oc- 
curred out sf the total number of treatments done. For 
example, in Lake Superior tributaries, 37 treatment 
reports containecl observations of misrtality, and 17 of 
those, or  46%,  included mayflies. 

Maki et al. ( B 975b), who conducted laboratory tests 
on the effects of TFM on 10 species of algae in pure 
cultures, found that mast species tested experienced a 
50% inhibition of growth at less than 10 m g / k  of 
active ingredient. Blue-green algae were generally most 
resistant (9-10 rng /k) ,  green algae were intermediate 
(4-5 mg/I,), and diatoms the most sensitive ( 1-4 mg/ 
I,). e'oncentrations sf 38 m g / k  did not destroy the 
viability of the cells, but temporarily inhibited growthe 
Tests in artificial streams showed that TFM inhibited 
conarnunity metabolism, reflecting in part, the effects on 
algal grswth (Maki and Johnson 1976). 

Although TFM does affect algal growth, and may 
temporarily inhibit stream pmdtactivity, rapid flushing 
of the chemical from the stream after treatment and the 
redistribution of ernaffected algae from above the treat- 
ment site should limit adverse effects to short periods 
sf time. 

The effects of TFM on aquatic rnncrophytss can be 
severe at high concentrations, but appear to be low at 
 concentration^ used for sea lamprey control. Josephs 
( 19611, who originally patented various salts c~f TFM 
as aquatic herbicides, presented evidence that TFkf 
controlled common aquatic plants such as Anachnrb ,  
Ccrkornha, and Crrntnp~i.vllunz at concentrations of I 5- 
25 mg/L in standing water anti BOO mg/ L in flowing 
water. 

In laboratory tests, h4aki and Johnson (1977) 
showed TFM to inhibit growth of Elodea ccsrtadtmsis 
and Myriophyllllnm spicafr~rn at concentrations of 10 
mg/L and above in exposures of B h or  more. The 
authors estimated that a treatment necessary to elimi- 
nate lampreys in the water they used could cause a 5- 
10% reduction in growth in EIocHen and a 20% rre- 
duction in Myriophyllurn. 

Macrophytes are not abundant in lamprey-producing 
streams because such strea~ns are generally fast flowing 
and have predominantly coarse bottom materials. 
Therefore. effects of TFM on aquatic plants will likely 
have little impact on productivity s f  the stream ecs- 
system. 

Aquatic worms - Aquatic worms appear to be very 

I 1 Toxicity of field grade TFM (active ingredient) to 
selected macroinvertebrates in laboratory tests (data adapted 
from Maki et aI. 1935a). Unless specified, insect nymphs and 
larvae were %ale instars. 
-- 

Sire 24-h LC50 95' , cst~fadence 
Organism (mm) (mg/8,) interval (rng,/k) 

Pelecy pods 
Pisidiurn s p. 
Sphhaeriurn sp. 
Ligiciniri s p. 
Ligurnirm sp. 

Hsspoda 
AseNics rnilitaris 

Amphipoda 
Gantrnarus 

pseiirfoli~~c~uesrs 

Ephemerop tera 
Baetis sp. 
Hexngerriu biiipara ta 
Cl'lrrean sp. 
Isc~r7ychic.z bicolor 
S:eno~zmrna frontale 
Tricorythodcs sp. 
Stenorrema fstteurn 
Porc1Ieptopl~~chi~z 
Raetisca obesa 
Ephrrnerelln eornuta 
E. cornura 

Bdonata 
Ophisgomphats sp. 

Plecoptera 
Doperia slossurtae 
Pisragnefirza rlzellia 
Pferol~arc~ys dorsuta 
Acroneuria iycoricrs 

Megaloptera 
Cnuiio(Jes sp. 

Trichoptera 
Chirnarru obscurrr 
Brnrhyce~rn trus 

amcricnrrus 
Lepidosrorna sp. 
Cheurnntopsj-che sp. 
H~~dropsg~che sp. 
Mucmnerniim sp. 
Lintn~aphiisw corzssc ius 

Diptera 
Sirnrcli~nz pugetertse 

sensitive to TFM. Smith (1967) showed 100% mor- 
tality of turbellarians at 8 nrg/L in 24-h exposures, 
when sea lampreys were eliminated by 4 mg/k.  Oligo- 
chaetes had 24-h LC50 values of 3.4-6.6 mg/L (Chan- 
dler and Marking 1975; hfaki et al. 1975a; Table 1). 
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Maki et al. (1975a) stated that aquatic earthworms 
could be reduced by 50% or more by stream treat- 
ments. Treatment summaries showed some mortality of 
earthwornls in 48% of the observations in Lakc Supe- 
rior tributaries and 23% in Lake Michigan tributaries, 
and some of those were interpreted as massive mor- 
talities. 

C'ru~tsecemls - Cl-bastaceans appear to be very re- 
sistant to TFM (Table I ) .  Chandler and Marking 
(1975) tleterrnined the 24-h L,C50 for TFM against 
Daphnia ~szagnc? to be 26 mg/L. Smith (1967) ob- 
served only 2.7% mortality o f  isopods (Asellus) at  
20 mg/L of TFM, and Maki et al. (1975a) recorded 
a 24-h 1K50 of 17 mg;L for the same organism. 
Amphipods (Grrm~trnrmrs sp,) were found to be even 
more rcsistu~mt by Maki et aB. ( 1975a) and Sanders and 
Walsh ( H 975) who reported comparable 24-h LC5Os 
of 38 and 36 mg/L, respectively.. Snlith (1967) ob- 
served only 10% mortality of these organisms in 24-h 
tests at 20 n ~ g / L .  Tn the RelJ, Torblaa (1 968) reported 
a decline in nt~mnbers of amphipods in two streams, and 
Maki (8974) noted a sharp rise in drift rates of amphi- 
pods in artificial streanas tested with TFM. The de- 
clines obscmed by Torblaa (1968) may have been 
due to drift of amphipods out of the sampling areas, 
and not to actual mortality. 

Crayfish apparently are the most resistant of the 
crustaceam; 24-h LC5Os of 36-46 mg/ L were reported 
by Maki et a{. 4 1975a) and Sanders and Walsh (1975). 
No mortality of crayfish was noted in field studies, but 
light mortalities were recorded in 5% of the observa- 
tions in treatment s~ammaries from Lake hlichigan 
tributaries and 13% of those from Lake Superior 
trib~ataries. 

Laboratory and field data indicate that it is unlikely 
that significant mortality of crustaceans would be caused 
by concentrations of TFM used in stream treatments 
for sea lamprey control. 

Aqtraaic I'n.sectr - Larvae and nymphs of aquatic in- 
sect$ vary greatIy in their sensitivities to TFM, ranging 
from very sensitive to highly resistant, even within a 
single order. Generally, among insects as among in- 
vcrtcbratcs as a whole, c~rganisms with well-developed 
exoskeletons are the most resistant to TFM. 

Three of the insect orders appear to be particularly 
resistant to TFM. Maki et al. ( 1  975a) or  Smith f 1967) 
gave 24-h LGSOs of 36 mg/L for Megaloptera, 38 mg/ 
E for Odonata, and 20 nmg/L for Hemiptera. Field 
studies also indicated no adverse effects on these or- 
ganisms. However, mortality was noted for Odonata in 
up to 20% and Memiptera in up to 10% of the ob- 
servations recorded in tse~itment summaries. 

Stoncfies (Plecoptera), as a group, are among the 
more resistant insects in laboratory tests (Table 1 ).  
Smith ( 1967) killed only 30% of those organisms at 
12 mg/E and 76% at 20 mg/E. Torhlaa ( 1968) found 

a substantial decline in Nemouridae which persisted for 
several weeks in one stream, and Waas ( 1970) recorded 
a decline in Tueneopteryx in his study stream. Slight 
mortalities of stoneflies were noted in 13 9% (Lake 
Superior) to 19 96 (Lake Michigan) of the observations 
in treatment summaries. Overall, field data indicate 
only slight effects of TFM on  stoneflies. 

Mayflies ( E p h ~ m r r o p t ~ r n )  ha\le a wide range of re- 
sistance to TFM; some species are very susceptible and 
others highly resistant (Table 1 )  . Maki et al. ( 1975a) 
stated that within a species, small sizes and early instars 
of mayflics arc the mo3t sensitive to TFM. Fremling 
(2975) found T F M  to be most toxic to mayflies in 
water with a low pIT and Bow total hardness. 

1,aboratory studies showed .5'teno?2~~1~, Baerisca, 
Paraleptoyhlchia, Trichorythocies, Ephernrrel!~, Cakli- 
baetis, and Isonychin to be coinparatively resistant to 
TFM, with 24-h 1,CSDs ranging froin 18 to 40 mg/L 
(klaki et al. 1975a; Chandler and Marking 11975). 
Smith (1967) reported similar findings for same of  
the same species. The mayflies found to be most sensi- 
tive in lakoratoi-y tests by klaki et al. (1975a) included 
Cloeon. Btzetix, and H ~ x a ~ c ~ i z i a .  Smith ( 1967) showed 
50% mortality of Hrxagenia at 5 mg/L,  and Fremling 
(1975) recorded 24-h LCSOs for that genus ranging 
from 2.5 to 18.8 n ~ g / L ,  depending on water hardness 
and pH. At pH 7.5 and lower, and at all water hardness 
tested, the 24-h LC50 was 7 mg/L or less. On the basis 
of their laboratory data, Maki et al. (1975a) and Frem- 
ling (1975) stated that concentratial~s s f  TFM used 
to control lampreys were likely to cause significant kills 
of mayflies. 

Field studies by Torblaa ( 1  968) and Haas (1970) 
each showed a trend toward reduced populations of 
mayflies, but none of the rcductions appeared to be 
drastic. Torblaa (1968) recorded more sites at which 
there was no effect than sites at which a reduction was 
evident. 

Mayflies (especially Hexagcnin) were noted more 
often than any other organism among observations in 
treatment summaries. From 46 to 50% of the sbserva- 
tions on invertebrates included dead ~mayflies, and in 
17% of those in Lake Superior and 33% in Lake 
Michigan the numbers killed were large. Records of 
Canadian stream treatments also included occasional 
references to mortalities of mayflies. Several persons 
have reported what they interpreted to be premature 
emergence of mayflies during stream treatments 
(Applegate et al. 196 1 : R. Braem, Marquctte Biological 
Station, Marquette, Michigan, personal communica- 
tion). Maki et al. (1975a) ciocumented this phenome- 
non in laboratory tests in which insect larvae exposed 
to TFM during late instar stagcs emerged as adults 
sooner than did the controls. 

Caddis fly larvae (Triehoptera b also are variable 
in their sensitivity to TFM. Smith (1967), who dif- 
ferentiated between case building and net building 
caddis flies in his tests, noted an 8% mortality at 20 
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mg/L of T F M  for 24 h for case builders and 44% for 
net builders. Maki et al. (1975a) demonstrated a 10- 
fold difference between their most sensitive and most 
resistant caddis fly larvae. 

TorbIaa ( 1968) recorded considerable declines (up 
to 9 4 % )  in numbers of caddis fly larvae in three of 
his study streams within I wk after treatment with 
TFM.  Several other streams showed little or  no change. 
Haas ( 1  970) found declines in numbers of certain 
caddis flies in the Chocolay River after treatment. 

The field treatment summaries indicate mortality 
of caddis flies in 30-33% of the observations, and 
about 18% of those involved large numbers. Thus, i t  
appears that some species of caddis fly larvae are sen- 
sitive to TFM and subject to mortalities during stream 
treatments. 

Coleoptera larvae were not included in any of the 
laboratory studies on toxicity of TFM.  Torblaa (1968) 
found declines in Elmidae in three streams and an 
increase in one stream after treatment. The treatment 
summaries included beetle mortalities 5 and 17% of 
the time in Lake Superior and Lake Michigan tribu- 
taries, respectively. Beetles are not often a major com- 
ponent of the stream community or  food chain, but 
they appear to be affected occasionally by stream treat- 
ments with TFM.  

The Diptera appear to be resistant to T F M  with the 
exception of black flies (Sirnuliidae) . Both Smith 
( 1967 ') and Maki et al. ( 1975a) found the 24-h LC50 
for TFM to black flies to be 5-6 mg/L. Field samples 
taken by Torblaa ( 2968) included such small numbers 
of black flies that no conclusions cotiId be drawn. None 
of the treatment summaries included observations on 
black flies, probably because the larvae are small, dark- 
colored, and soft-bodied, and therefore easily over- 
looked. 

Snipe fly larvae (Rhagionidae) were found to be 
resistant by Smith (1967), who reported no mortality 
among larvae held in 20 mg/L of T F M  for 24 h. Field 
studies by Torblaa (1968) and Maas (1970) showed 
no significant effects on this group. 

Chironomids a 8 ~  are resistant to T F M ;  Sinith 
(1967) reported a 24-h LC50 of more than 20 mg/12. 
Kawatski et al. ( 29751, who tested Chironomzrs in the 
laboratory. found the larvae to be imlnobilized by con- 
centratioils of 1-1 0 mg/I, of TFM.  However, most 
individuals recovered when placed in freshwater. 
Torblaa (1968) and Haas (1970) found rather drastic 
reductions in numbers of chironornids in some treated 
streams, but noted similar concurrent decreases in con- 
trol streams, suggesting natural emergence as the cause. 

Numbers of Tipulidae and Helcidae wel-e reduced in 
some treated streams, but not in others (Torblaa 
1968). Dead tipulids were noted in up to 30% of the 
observations in treatment summaries, but the numbers 
were always small. 1,aborator-y data on  these groups 
are not available. 

Although certain species are sensitive to TFM, mor- 

tality of dipterans docs not appear to be a widespread 
or seriotis side effect of T F M  treatments. 

hlolkrlscs - Molluscs exhibited intermediate rais t-  
ance to TFM in Iaboratory tests. The 24-h LC50 values 
for snails ( P h ~ 1 , ~ n )  were more than 28 mg /L  (Smith 
1967). Unionid clams were slightIy less resistant with 
LC50s of 10 mg/L (Smith 1967) to 87.5 mg/I, (Maki 
et al. 1975a).  Molluscs were rase iia the field studies 
by Torblaa (19689. and no strong trend atlas observed. 
In the stream treatment wnmaries .  dead snails were 
noted in up to 11 % o f  the observations and clams in 
up to 21%. 

There were occasional reports of distressed clams 
with gaping valves during treatments with TFM in 
Canadian streams, but most recovered after the bolt of 
chemical passed. It appears that although 111o1llascs are 
sometimes killed by stream treatments with TFM, 
populations are not decimated. 

Amphibians are the only vertebrates besides fish 
which have been observed to be alTected by lampricides. 
No  laboratory or field study data are known to be 
available on these organisms. However, field treatment 
summaries often referred to amphibians. Mortality of 
frog tadpoles was noted in 16% of the observations, 
and one observation referred to large numbcrs of dead 
tadpoIes. Mud puppies (mostly N P C ~ ~ ~ Y U S )  were noted 
in 32% of the obsrrvations ill tributaries of Lake 
Superior and 36% in Lake Michigan. and up to 18% 
of those referenced large numbers killed. Mortalities 
of these amphibians are evidently common during 
stream treatments with TFM. 

OVERAI~I, EFFECTS OF T F M  TREATMENTS 

Available data on TFM from both laboratory tests 
and stream treatments indicate that some organisms 
are likely to be killed during any particular stream 
treatment. Those most likely to be affected it~clude 
turbellarians, oligochaetes, leeches, mayflies (especially 
Wcxagcnia) ,  some species of caddis flies, black flies, 
and mud puppies. Others which may be affected are 
beetle larvae (especially Elmidae), crane fly larvae. 
stoneffies, and clams. Kills of aquatic anrlelids and 
mayflies may involve substantial numbers during some 
treatments. Maki et al. (1975a) estimated that rantier 
conditions of their tests. aquatic carthwornls, black Wy 
larvae, and certain mayfly and caddis fly Bar-vae could 
be reduced by 50% or more. Some studies indicate a 
temporary decrease in gross primary production (Maki 
and Johnson 1976) anad significant reductions in density 
(numbers) of organisms (Maki 1974; klaki et al. 
1 9 7 5 ~ ) .  Maki (1974), however. found that TFh4 did 
not affect the diversity of organisms in artificial stream 
communities. Several groups appearing tu be highly 
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resistant in laboratory toxicity tcsts but showing some 
mortality in field observations were probably killed by 
high concentrations of 'I'FM immediately downstream 
from application sites. 

Thc effects of TFM on the nontarget portion sf the 
stream cornmalnity c%o not appear to be long lasting. 
Maki and Johnson (1976) foulld that commem~ty 
metabolisn~ returned to normal within 24-36 h after 
treatment. Numbers of organisms had recovered by 
4 wk to 3 mo after treatment in studies by Maki et al. 
( 1 9 7 5 ~ )  and Maki (1974). Torblaa ( 1968) found that 
numbers s f  srgarlisrns in mo3t of his steady streams 
recovered within 6 wk after treatment. r l l t ho~gh  some 
species of invertebrates may be stlbstantially reduced 
in numbers by stream treatments with TFM, it is doubt- 
fa11 that the total biomass of food organisms would be 
reduced enough to affect the nontarget fishes cap- 
prcciably. 

The combination of TFM and Bayer 73 (con~monly 
called TFM-2B) has been used since 1963 for the 
treatment of some streams. Bayer 73 is used in a 
wettable powder with 70% active ingredient. Smith et 
al. 6 1974) report that the amount of Bayer 73 applied 
is usually 1-2% of the amount of TFM applied, and 
that this generally reduces the amount of TFbf needed 
by about 50%. The use of Bayer 73 with TFM corn- 
plicates both the logistics of a stream treatment and 
the analysis for larnpricides. Bayrer 43  is also more 
dit3callt to apply because of its low solubility and ten- 
dency to plug small pumps. Consequently, use of the 
combirsation is generally restricted to Bttrgc rivers where 
a substantial saving in the amount of chemical needed 
offsets the added diffic~lltv of the treatment. Haaycr 73 
is usually added to a stream at the same site or. sites as 
TFM, but in some past treatt~asnts, Bayer 43 was added 
at a point downstream from the TFh4 application site 
to boost the activity of TFM already in the stream. 

Toxicity of TFM-2B follows approximately the same 
pattern as that of TFM alone. Water temperature does 
mot significantly affect toxicity of TFM-2B to fish (Daw- 
son ek al. 1977). Dawson et al. (1974)  also found no 
signifacia~at efTect of water hardness on the toxicity of 
the combination. btat Howell et al. (1964) reported 
TFM-2B to be more toxic in soft water with low pH 
than in harder water with higher pH. Probably in  the 
tests by Howell et al. ( 1  964), pH was the infl~aencing 
factor, but the two factors were not isolated in the test 
procedure. Dawson et 31. ( 2 9 7 4 )  found that high pHs 
decreased the toxicity of TFM-2B to larval sea 
lan~preys. 

The addition of Bayer 73 to TFM restalts in greater 
increases in toxicity to sea lampreys than to most of 

TABLE 2. Safety indices for selected nontarget organisms 
when exposed to the lampricides TFM and FFM-2B in 
laboratory tests. 

Safety indexa 

Organism 

Gastropods Physa sp. 
Pelecypoda 
Tur bellaria 
Hirudinea 
PBecoptera 
Epherneroptera Hex~zgenia sp. 
Sin~uliidae 

8Twenty-four-hormr LC50 for nonlarget organism/24-h 
LC50 for larval sea lamprey. 

Qstimated from the data of Smith (1947). 
"Calculated from the data of Rye and King (1976). 

the invertebrates for which laboratory data are avail- 
able. The safcty index (LC50 for invcrtebrate/LC50 
for sea lampreys) for most invertebrates tested is 
slightly greater for TFM-2B than for TFM alone 
(Table 2) .  

Studies on effects of TFM-2B have been much 
more limited than those with TFM alone. Rye and 
King ( 1976) conducted laboratory bioassays with 
TFM-2B against a variety of inarcrtcbrate organisms 
(Table 3 ) .  Inasmuch as this study was conducted in the 
same facility with the same water source as the tests 
with TFM conducted by Smith (41967), these two 
studies provide the best available data for comparison 
of the toxicities of the two larnpricides to invertebrates. 

Sampling by Torblaa (1968) in one stream treated 
with the combination provided the only field data on 
the effects of TFM-2B on invertebrates. Three Mile 
Creek was treated with 5 mg/L of the combination 
(4.9 mgiL TFM:O. 1 mg iL  Bayer 73).  Treatment sum- 
rnaries on effects of TFM-2B on nonearget organisms 
were scant because the combination was used in  only 
a small percentage of treatments, and observations have 
not been routinely recorded in recent years. 

iaq~iafic worms - Laboratory tests show turbel- 
larians to be sensitive to TFM-2B (Rye and King 19'76: 
Fable 3)  and to have the same safety factor as with 
TFM alone (Table 2) .  Aquatic annelids are also sen- 
sitive to the combination with 24-h LC50 values rang- 
ing from 2.2 mgiL for Tubifex to 5.2 mgiL for 
Err~zzbriculns (Rye and King 3996). The laboratory 
toxicity data indicate that all of the groups of aquatic 
worms are probably susceptible to mortalities during 
stream treatments. Torblaa (1968) noted a reduction 
in annelids from 3 to 0 per sqtaarc foot (0.092 nrm" ), but 
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TABLE 3. Toxicity of TFM-2B (98% TFM and 2% Bayer 73) 
and Bayer 73 to selected macroinvertebrates and Iarval sea 
lampreys in laboratory tests. (Data adapted from Rye and 
King 1976.) 

24-h LC50 and 955: confidence 
interval (mg/L) 

- 
Organism TFM-2B Bayer 73 

TABLE 3 (Co/rclud~d) 

24-h LC50 and 95% confidence 
interval (rng/L) 

Organism TFM-2B Bayer 73 

Biptera 
Simmcliurn sp. 3 "45 0.255 

(3.05-3.89) (0.236-0.275) 
AOzerix sp. > 100 > 50 

Cyclostomata 
Petromyzo~l marinus 0.78 0.049 

(0.684-0.889) (0.043-0.056) 

Gastropoda 
Physa sp. 1.93 0.106 

(1.54-2.41) (0.097-0.116) 
Pleurocera sp. 9.4 0.335 

(7.74-11.4) (0.290-0.430) 

the very small numbers do net permit conclusions. 
Dead leeches were noted in the treatment summary of 
one stream treated with the combination. Turbellaria 

Dugesia tigrina 
Crustaceans - The cladoceran Daphnia pulex was 

moderately sensitive to the combined lampricides. A 
safety factor of 9.4 in comparison to that of larval 
lampreys indicates that Daphnia would rarely be sub- 
jected to lethal concentrations. 

Macr~crustaceans were highly resistant to the com- 
bination in laboratory tests; 24-h LC5Os ranged from 
26 mg/L for amphipods to over 100 mg/L for cray- 
fish (Table 3 ) .  In Three Mile Creek, Torblaa (1965) 
observed a 49% reduction in amphipod numbers 1 wk 
after treatment. Considering the laboratory LC50 of 
26 mg/L, the apparent reduction was more likely due 
to sampling variation or drift than to mortality. 

Oligoshaeta 
Tubvex rubij'ex 

Lurnbriculus inconstans 

Hirudinea 
Erpo bdellidae 

Cladocera 
Daptznia pulex 

Isopoda 
Asellus rniliiaris 

Aquatic insects -Aquatic insects follow a pattern 
of sensitivity to TFM-2B similar to that of TFM alone, 
although a comparison of laboratory studies by Rye and 
King (1976) and Maki et al. (1975a) showed that 
fewer insects are likely to be affected by TFM-2B. Rye 
and King ( 1976) showed that burrowing mayflies and 
black flies were the only orgallisms likely to be affected 
by stream treatments with TFM-2B. Numbers of these 
organisms in the field samples taken by Torblaa (1968) 
were too small to permit conclusions. Tarblaa (1968) 
showed a 94% reduction in numbers of caddis flies of 
the family Psychomyiidae. Since the number of species 
within families were limited in the tests by Rye and 
King (2976), some sensitive species may exist within 
generally resistant families as was shown for TFM by 
Maki et al. (1975a). The safety indices for maydies 
and black flies are 4-5 (Table 2 ) ,  while those for other 
insects tested are over 19, indicating that few taxa of 
insects are likely to be exposed to lethal concentrations 
of TFM-2B. 

Amphipoda 
Gammarics sp. 

Decapoda 
Orcorzectes sp. 

Ephemeroptera 
Hexagenia sp. 

Stenonema sp. 

Odonata 
Ophiogornphus sp. 

Plecop tera 
Paragne tina sp. 

Herniptera 
Corixidae 

Megaloptera 
Corydalus sp. 

Triehoptera 
Hydropsyche sp. 

Molluscs- Published data on the effects of TFM- 
213 on molluscs are limited to laboratory tests of two 
genera of snails and one of clams (Rye and King 
1976). Ptzysa is very sensitive but Pleurocera is morc 
resistant and nut likely to be affected by stream treat- 
ments (Table 3) .  
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The clam Eddiptio clilntatus was quite sensitive to the FACTORS AFFECTING TOXICITY 
combination (Table 3 ) ;  however, no mortalities of 
clams have been reported in streams treated with 
TFM-2B. 

No quantitative data are available on the effects of 
TFM-2B on aquatic vertebrates other than fish. The 
treatment summaries for the Tahquamenon River 
(Michigan) included observations on dead mud puppies 
in 3 different years. Since mortalities of mud puppies 
are common in streams treated with TFM alone, a 
similar frequency of mortalities is probable with TFM- 
2B. 

Only limited data are available on effects of TFM-2B 
on invertebrates. Thc laboratory test data indicate that 
aquatic worms (tanrbellarians and annelids), burrow- 
ing mayfly nymphs, black fly larvae, some snails, and 
some clams are likely to be affected. In addition, field 
observations show lnortalities of mud puppies. The 
overall effects of treatments with TFI'vf-2B on inver- 
tebrates are probably less than those with TFM alone, 
because the addition of Bayer 73 to TFM increased 
the toxicity to sea lampreys to a greater degrec than 
for most invertebrates. 

Granular Bayer 73 

Granular Bayer 73 (5% active ingredient) is used 
to treat populations of larval lampreys in %entic areas 
near the mouths of stseams in which sea lampreys 
spawn. The material is applied to areas up to several 
hectares in size with a gasoline-powered tplower or a 
cyclone-type spreader, usually from a boat. Amounts 
of thc formulation used are usually 1 12-168 kg/ha 
( 100-150 lb/ acre) in the United States and 224 kg/ha 
in Canada. Such applications are intended to dcliver 
a theoretical concentration of active ingredient in the 
bottom 5 cm of water of 11.5-17.2 mg/L in U.S. treat- 
ments and 23 mg/L in Canadian treatments. However, 
laboratory tests have shown that even uilder ideal con- 
ditions of temperature and pH of thc water, less than 
40% of thc active ingredient is rcleased over a period 
of 24 h (U.S. Fish and Wildlife Service, National Fish- 
ery Research Laboratory, La Crosse, Wisconsin, un- 
published data). Usually within an hour after applica- 
tion. larval lampreys emerge from their burrows in the 

Bawson et al. (1977) conducted laboratory tests on 
Bayer 73 under varied water conditions using both 
larval sea lampreys and fish as test organisms. They 
found a slight reduction in toxicity at lower tempera- 
tures. Field application crews havc reported that the 
time required for the chemical to drive lamprcys to the 
surface is much increased at temperatures below 10°C. 
Water hardness had no measurable effect on toxicity 
over a range of 44-800 mg/L total hardness. Bawson 
et al. j 6977) found that Bayer 73 was somewhat more 
toxic at low pH than at high pH, but this effect was not 
great over the range of pH found in most of the lam- 
prey-producing waters (7.5-8.5). The general con- 
clusion indicated by laboratory tests on fish is that water 
chemistry has little effcct on the toxicity of the chem- 
ical. Tests on invertcbrates have not included varia- 
tions in water chemistry. 

Bayer 73 has been studied and used as a control for 
snail vectors of schistosomiasis in tropical countries and 
for control of larval sea lampreys in the U.S. Iabora- 
tory and field studies have been conducted in the 
tropical countries on the effects of Bayer 73 on snails 
and nontarget invertebrates. In the U.S., small-scale 
laboratory tests have been done with algae (Farringer 
1972) and aquatic invertebrates (Sanders 1977). Rye 
and King (1976) did a comprehensive laboratory study 
which included larval lampreys for comparison with 
invertebrates (Table 3 ) .  

Laboratory studies that establish 24-h LCSOs, how- 
ever, do not necessarily approximate the effects of 
Bayer 73 as it is used in lamprcy surveys. The treat- 
ments are designed to establish a high concentration 
for a brief period of time with the assumption that the 
chemical will quickly be diluted by the surrounding 
water. Field observations indicate that the activity of 
the chemical usually lasts less than 2 h against larval 
lampreys. 

Effects of Bayer 73 on invertebrates under natural 
conditions were assessed by personnel at Hammond 
Bay Biological Station, hfillersburg, Michigan (unpuk- 
lished data) in treatment of a small plot in the Ocqueoc 
River (Michigan) at a rate of 18.8 kg/ha (active 
ingredient). Only one quantitative field study of the 
effects of granular Bayer 73 on invertebrates in lentic 
areas has been done (Gilderhus 1979). In that study, 
samples were taken up to 13 d after treatment of a 
0.8-ha plot in Boardman Lake (Michigan) at a con- 
centration of 11.5 mg/L in the bottom 5 cm of water. 

bottom sediments and swim to the surface of the water, ON PI.ANTS 
where dhcy can be observed or collected. Some measure 
of control is accomplished during such surveys because Farringer (1972) found that high concentrations (50 
many of the larvae have received a lethal dose by the mg/L) of Bayer 73 affected algae (Chbamyciomonas 
time they lcave their burrows (Tibbles 1967). and Chlorella) by reducing their growth by 50% over 
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a period 0% 8 d. Interpolation of these results to the 
much lower concentrations and shorter exposure times 
required in lamprey surveys indicates that little cffect 
on algae would be expected in treatment of Lentic areas. 
ShifT and Carnett (1961) observed a severe setback of 
Cham by I mg/L of Bayer 73 in ponds. In contrast, 
Abdalla and Nasr ( 1961 ) found that concentrations 
up to 5 mg/L did not harm aquatic vegetation. Con- 
sidering the type of treatment used in the lamprey 
control program, it is unlikely that vegetation would 
be noticeably afTected. 

Aquatic worms - Rye and King ( 1976) showed 
that aquatic worms are very sensitive to Bayer 73 at 
concentrations far below those used in lentic habitat 
(Table 3 ) .  As expected in the field, numbers of 
oligochaetes and leeches were reduced by 8 6 9 0 %  after 
treatment (Gilderhus 1979). 

Crustaceans - Microcrustaceans are very sensitive to 
Bayer 73. Pond studies showed reductions of cladocera, 
copepods, and ostracods after treatments at I mg/L, 
but populations returned to normal within 32 d (Shiff 
and Garnett 1961 ). An LC50 of 23 mg/I, for isopods 
(Rye and King 1976) indicates that they are not likely 
to be affected by field treatments. Anlphipods are more 
sensitive: published 24-h LCSOs have ranged from 2.6 
mg/L (Rye and King 1976) to 5.6 mg/L (Sanders 
1977). Considering the low LC50 values for amphi- 
pods, some mortality would be expected from field use 
of Bayer 73. However, there was no reduction in the 
substantial population of amphipods present in the 
study by Gilderhus (1979). 

Crayfish are highly resistant. having 24-h LC50 
values of 32 mg/L (Sanders 1977) to over 50 mg/L 
(Rye and King 1976). 

Aquatic insects - Aquatic insects vary greatly in 
their resistance to Baycr 73. Some, such as dragonfly 
nymphs, water boatmen. snipe fly larvae. and dobson- 
fly larvae are highly resistant; 24-h LCSOs exceed 50 
mg/L (Rye and King 1976). Others, including some 
of the important fish food groups, have 24-h LC50 
values in the range of 1-10 mg/L. Laboratory LC50 
data cannot be easily used to estimate effects in the 
field because in operational treatments the organisms 
are exposed to much higher concentrations for much 
shorter periods of time. 

Stonefly nymphs are sensitive to Bayer 73; 24-h 
LCSOs range from 1.1 to 2.3 mg/L (Sanders and Cope 
1968: Rye and King 1976). However, stoneflies are 
not likely to be present in lentic habitats. 

Mayfly nymphs were moderately sensitive in labora- 
tory tests (Table 3 ) .  King (1 974) listed an LC50 for 
mayflies of 11.4 mg/L. No effect was found on a sub- 
stantial population of mayflies following a field treat- 
ment of 1 1.5 mg/ L (Gilderhus 1979). 

Caddis flies also were sensitive to Bayer 73 in labo- 
ratory tests (Table 3 ) .  An experimental treatment in 
the Qcqueoc Rives reduced the caddis fly larvae popu- 
lation by about 90% (Hansmond Bay Biological Sta- 
tion, unpublished data). The treatment in Boardman 
Lake showed a 40% reduction in numbers of caddis 
fly larvae at 7 d after treatment (Gilderhus 1979). 

Beetle larvae were not included in any laboratory 
tests and no field data are available. 

In contrast to snipe flies, some of the Diptera are 
very sensitive to Bayer 73. Black ffics (Table 3)  were 
virtually eliininated by an 18.8 kg/ha treatment in the 
Ocqueoc River (Harnmond Bay Biological Station, un- 
published data). However, black flies are not likely to 
inhabit the lentic areas treated with granular Bayer 73. 

Midge larvae (Chivonomus) are also sensitive. 
Kawatski et al. (1975) showed that 50% of the ar- 
ganisms were immobilized by 0.6-0.8 mg/L in 24-h 
laboratory tests. Gilderhars (1979) found that numbers 
of midge larvae were reduced by a statistically sig- 
nificant 54% at 7 d after treatment in Boardman Lake. 

Molluscs - hfolluscs are very sensitive to Bayer 73 
(Table 3 ) . Abdalla and Nasr ( 196 1 ) killed ail snails 
(Bulirztis) with 1 mg/L in 4 h and 2 mg/L in 2 h in 
laboratory tests. In field applications in Egypt. AbdaIla 
and Nasr (1961 ) found that applications of 1 mg/L 
for 5 h gave 100% control of snails (Rr~lirsns and 
Biomphalaria) in standing water. and I mg/L for 8 h 
gave complete control in flowing water. Harrison 
(1966) reported that blanket spraying of two streams 
in Rhodcsia at 0.2-0.4 mg/L of Bayer 73 killed all 
snails. After the lamprey treatment in Boardman Lake, 
Gilderhus (2979) found that si-maits were essentially 
unaffected even though the theoretical concentration 
was nl~ach higher than that required to kill snails else- 
where. 

Clams are as sensitive as snails in laboratory tests 
(Table 3) and apparently are more sensitive under field 
conditions. The plot treatment in the Ocqueoc River 
reduced the numbers of clams (Hammond Bay Biolog- 
ical Station. unpublished data), and Gilderhus (1979) 
found a 62% reduction in ntrmbers of clams by 7 d 
after treatment in Boardman Lake. 

Considering the extremc sensitivity of molluscs to 
Bayer 73 in laboratory tests, adverse effects of field 
treatments on molluscs were less than expected. 

Effects of Bayer 73 treatments on nontarget organ- 
isnss in the field were generally less than expected. 
Aquatic wornss (Oligochaeta) and midge larvae were 
the most sensitive, and significant short-term declines 
in their populations can be expected. Moderate declines 
can be expected in numbers of microcmstaceans and 
molluscs (especially clams). Other organisms, such as 
amphipods and mayflies, were not affected by the field 
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treatment studied, but may be subject to mortalities 
from some treatments. 

Considering that the use of Bayer 73 for survey or  
control of sca lamprey larvae in lentic habitat will 
involve only a small percentage of any body of water, 
the effects on invertebrate populations are expected to 
be minor. 

Summary and Discussion 

The studies done on the effect of T F M  treatments 
in streams have included a variety of laboratory and 
field assessments which help evaluate the real and po- 
tential impact of this chemical on nontarget organisms. 
The effects of TFM-2B on invertebrates in laboratory 
tests seem to be less than those of TFM,  but ,a com- 
prehensive stream study would be needed for con- 
firmation. Work on Bayer 73 for treatment of lentic 
habitats has not been extensive. but is probably ade- 
quate to estimate potential effects in many treatments. 
However, in the only field study done to date, the treat- 
ment rate was 1 12 kg/ha of the granular formulation, 
whereas up to  twice that amount is used in Canadian 
treatments. Further field study would be needed to 
assess adequately effects of higher treatment rates on 
nontarget organisms. 

Maki et al. (1975a) observed that early life stages 
of some invertebrates were more sensitive than later 
stages, and species with well developed exoskeletons 
were most resistant to TFM. Laboratory toxicity tests 
done on specimens collected in the field and field sb- 
servations have probably been heavily weighted toward 
larger specimens or  relatively mature life stages. There- 
fore the available data may underestimate the effect of 
lampricides on some invertebrates. 

The overall impact of lampricides on invertebrates 
has probably been of minor importance in aquatic eco- 
systems. Although significant mortalities of some fish 
food organisms may occur, they arc usually coilfined to 
small segments of a particular stream system, and other 
important food organisms are left unaffected. N o  evi- 
dence exists to indicate that a species has been totally 
eliminated from a stream. In nearly all streams and 
lakes treated for lampreys, a portion of the system 
remains untreated to provide organisms for recoloniza- 
tion of the treated area. 

The use of almost any toxicant for the control of a 
pest organism involves nontarget organisms to some 
degree. The user must therefore evaluate the impact on 
the ecosystem against the benefit derived from control 
of the pest or  predator organism. The occasional kills 
of certain nontarget organisms appear insignificant in 
comparison with the benefit that sea lamprey control 
affords the fish populations of the Great Lakes. 
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