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Abstract.-\Ve searched the fisheries literature to assess the success of fish control projects. We 
reviewed 250 control projects from 131 papers. Usually each treated body of water was considered 
a project. Fish control treatments were divided into four categories: chemical applications (145), 
physical removal and reservoir drawdowns (70), stocking of fish (29), and any combination of 
chemical and physical methods (6). Success was judged by changes in standing stock, growth, 
proportional stock density, relative weight values, catch or harvest rates, and other benefits, such 
as angler satisfaction. Reduction in standing stock was the most ·common determinant of success. 
Of the 250 projects, we ·considered 107 (43%) to be successful, 74 (29%) to be unsuccessful, and 
69 (28%f to have insufficient-data to determine success. The most successful projects targeted 
rough fish. Total elimination was more successful (63%) than partial reduction (40%) in 221 waters. 
Success was not strongly related to size of water body. Success of chemical application was similar 
for treatment with rotenone (48%) and with antimycin (45%). Success rates for physical removal 
methods (nets, traps, seines, electrofishing, drawdowns, and combinations of physical treatments) 
ranged from 33 to 57%. Stocking certain species of fish to control others was the least successful, 
7 of 29 water bodies (24%). Combined chemical and physical methods were successful in 4 of 6 
projects (66%). Stocking after chemical or physical treatment may have increased success of fish 
control projects; 10 of 17 such projects (59%) were successful, a higher percentage than for 
chemical treatments, physical treatments, -or stocking alone. An overall success rate of less than 
50% for such a large number and wide variety of projects indicates that there is considerable room 
for improvement of fish control projects. The large percentage of unsuccessful projects and the 
complexity of factors influencing fish communjties suggest that control projects should include 
critical evaluation of assumptions and of susI}ected Causes of problems, explicit rationale and 
objectives, and pretreatment and long-term posttreatment study. 

Eradication or reduction of undesirable fish spe
cies is a common management practice. Large pop
ulations of rough fish or "stunted" panfish are 
often considered undesirable by management 
agencies and are subjected to fish control projects. 

Lennon et al. (1970) reviewed the status of 
chemical control efforts up to 1970. They identi
fied many successful and unsuccessful projects, as 
well as problems frequently affecting success, but 
they did not address success rates. We conducted 
a search of the fisheries literature to determine 
success rates of chemical and physical fish control 
methods, stocking, and combinations of these 
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methods. We reviewed the results of 250 fish con
trol projects reported in 131 papers from profes
sional journals and agency publications and re
ports. The projects occurred on water bodies rang
ing from 0.2 to 55,75i ha and were located in 36 
states and 3 countries. 

Methods 

We searched the fisheries literature using the 
following keywords: antimycin, rotenone, recla
mation, rehabilitation, predator stocking, fish con
trol, poisoning, removal, and thinning. Keyword 
searches \Vere made on the National Information 
Services Corporation Wildlife Review and Fish
eries Review, 1971-February 1994 (Baltimore, 
Maryland); the Fish and \Vildlife Reference Ser
vice, 1953-1993 (Bethesda, Maryland); and the 
Cumulative Subject Index to the Monthly Catalog 
of United States Government Publications, 1900-
1971. \Ve also searched the contents of four jour
nals: North American Journal of Fisheries Man
agement, 1983-1993; Transactions of the American 
Fisheries Society, 1923-January 1994; Progressive 
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Fish-Culturist, 1935-January 1994; and Proceed
ings of the Southeastern Association of Game and 
Fish Commissioners, 1947-1975, and subsequent
ly, Proceedings of the Southeastern Association of 
Fish and Wildlife Agencies, 1976--1991. \Ve con
ducted a search of the General Science Index and 
the computerized record holdings of the University 
of ·wisconsin in Stevens Point, and we read per
tinent literature cited in various papers. 

Fish species were designated as game fish, pan
fish, or rough fish for this review (Table 1). Chem
ical treatments included those with rotenone, an
timycin, copper sulfate, squoxin, and toxaphene. 
Physical treatments included removal of fish by 
nets and traps, seines, electrofishing, and subject
ing target species to increased predation by means 
of reservoir drawdown. 

Each paper was critically reviewed to determine 
success of the project. \Ve judged success from 
changes in standing stock, growth, proportional 
stock density (PSD; Anderson 1976), relative 
weight (Wr; Wege and Anderson 1978), catch or 
harvest rates, other benefits (e.g., angler satisfac
tion), and the authors' conclusions (although we 
did not always agree). We drew our conclusions 
concerning success from evidence of the effec
tiveness of a control procedure that was provided 
in each paper. We did not use quantitative criteria 
for success, such as a certain percentage reduction 
or statistically significant change in standing stock 
or increase in PSD, because sufficient data were 
often lacking. 

Sometimes authors considered a project suc
cessful when it was based on data collected for 
less than 1 year after treatment. \Ve considered 
such short-term assessments to· be successful only 
if the standing stock of the target species was re
duced substantially. We considered reduction of 
standing stock a success if that was an objective 
of a project and evidence wa·s provided that re

. duction occurred (e.g., reduction in estimates of 
weight per unit area or catch per effort). For the 
other measures of success, we required evidence 
of improvement obtained over a period exceeding 
1 year after treatment. 

Results 

We considered 43% of the 250 projects suc
cessful, 29% unsuccessful, and 28% as having in
sufficient data to determine success or failure (Ap
pendix Table A.1), whereas authors considered 
54% of the projects successful, 29% unsuccessful, 
and 17% lacked sufficient data. Usually the reason 
for the difference was our judgment that evidence 

TABLE 1.-Species in target categories of game fish, 
panfish, and rough fish. 

Common name 

Channel catfish 
Flathead catfish 
Northern pike 
Muskellunge 
Chain pickerel 
Cutthroat trout 
Rainbow trout 
Brown trout 
Brook trout 
Striped bass 
Smallmouth bass 
Largemouth bass 
Walleye 

Black bullhead 
Yellow bullhead 
Brown bullhead 
White perch 
Rock bass 
Redbreast sunfish 
Green sunfish 
Pumpk.inse.ed 
Warmouth 
Orangespotted sunfish 
Bluegill 
Redear sunfish 
White crappie 
Black crappie 
Yellow perch 

Paddlefish 
G,c 
Bowfin 
Skipjack herring 
Alewife 
Gizzard shad 
Threadfin shad 
Goldfish 
Redside dace 
Common carp 
Golden shiner 
Spottail shiner 
Northern squawfish 
RivCr carpsucker 
Quillback 
Longnose sucker 
White sucker 
Lake chubsucker 
Northern hog sucker 
Smallmouth buffalo 
Spotted sucker 
Shorthead redhorsc 
Flathead catfisha 
Channel catfisha 
Banded killifish 
Western mosquitofish 
Brook stickleback 
Central stonero!ler 
Burbot 
Mottled sculpin 
Freshwater drum 

Scientific name 

Game fish 

/eta/urns pu11ctat11s 
Pylodictis olivaris 
Esox luci11s 
Esox masquinongy 
Esox niger 
Oncorhynchus clarki 
Oncorhynchus mykiss 
Salmo tmtta 
Salvelinus fontinalis 
Marone saxatilis 
Micropterus dolomieu 
Microptems salmoides 
S!hostedion vitreum 

Panfish 

Ameillms me/as 
Amei11ms nata!is 
AmeiunlS 11eb11/os11s 
Aforone americana 
Ambloplites mpestrfr 
Lepomis a11ritrls 
Lepomis cya11ellus 
Lepomis gibbos11s 
Lepomis gulosrlS 
Lepomis hwnilis 
Lepomis macrochims 
Lepomis microloplws 
Pomoxis ammlaris 
Pomoxis 11igro11:zac11/atus 
Perea flavescens 

Rough fish 

Polyodon spathula 
Lepisoste11s spp. 
Amia calva 
Alosa chrysochloris 
Alosa pse11dnhare11gus 
Dorosoma cepediam,m 
Dorosoma petenense 
Carassius a11rat11s 
Clinostomus elongatus 
Cyprinus carpio 
Notemigonus crysoleucas
Notropis hudsonius 
Ptychocheil11s oregonensis 
Carpiodes carpio 
Carpiodes cyprinus 
Catostomus catostom11s 
Catostomus commersoni 
Erimyzon sucetta 
Hypentelium nigricans 
lctiobus bubaliis 
Afinytrema melanops 
,Hoxostoma macrolepidotum 

F1mdu/11s diapham1s 
Gambusia affinis 
Cu/aea i11co11sta11s 
Campostoma anoma/11111 
Lota Iota 
Cott11s bairdi 
Aplodilloms gnm11ie11s 

a Channel catfish and flathead catfish appear in the rough fish cat
egory as well as the game fish category because they were in
cluded in rough fish removal projects. 
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TABLE 2.-Number and percentage of critiria that we 
considered successful. The authors of some studies listed 
more than one criterion that would be used to determine 
success; parenthetical values are the number or percentage 
of projects that used a second criterion. 

Criteria for success 

Reduction of: 
Standing stock 
Catch or harvest 
Other 

Improvement of: 
Growth or average size 
S1anding stock 
PSD or Wr values 
Catch or harvest 
Other 

Number of 
successes 

Target Other 
species species 

53 
4 

ll 13 
7 12 (2) 

JO (I) 9 
7 (2) 19 (8) 
6 (4) 8 (2) 

Percentage 

33 
3 

15 
12(10) 
12 (5) 
16 (53) 
8 (32) 

from short-term assessments was insufficient to 
determine success. 

The most common determinant of success was 
a reduction in standing stock of the target species, 
but the other criteria for success-improved 
growth, standing stock, PSD, Wr, catch, and har
vest for both target and other species-were also 
important (Table 2). Usually success was based on 
only one of these criteria; however, in several stud
ies success was based on changes in two of tl:_1,e 
criteria, with the most important second criterion 
being improved catch or harvest. In some cases 
the only evidence of success offered was reduction 
of a target species. Our assessment that such pro
jeCts were successful could be considered an over
estimate if there was no improvement of desired · 
species or the sport fishery following the reduction 
of standing stock of the undesired species. Over
estimation of success would also be caused by any 
tendency not to publish the results of unsuccessful 
fish control projects. 

Panfish were the target species in 124 of the 250 
treatments, rough fish in 92, and game fish in 12; 
22 projects targeted more than one of these groups 
(Table 3). Success was greater for control of rough 
fish than for the other categories. Success rates 
were 40% for panfish, 53% for rough fish, 42% 
for game fish, and 23% for mixed categories. Usu
ally game fish were reduced to benefit other species 
(Schmitz and Hetfeld 1965; Shetter and Alexander 
1970; McHugh 1990; Goeman and Spencer 1992) 
or to increase their growth rate (Stephens and Bea
dles 1980), and in four projects brook trout were 
considered less desirable than other species (Klein 

TABLE 3.-Numbers of fish control projects that we 
considered successful or unsuccessful or that had insuffi
cient data to determine success, by category of target spe
cies. Numbers in parentheses are percentages of the total 
number of projects targeting that category. 

Target Unsuc- Insuffi-
category Successful cessful cient data Total 

Panfish 49(40) 38(31) 37 (29) 124 (50) 
Rough fish 48 (53) 19(20) 25 (27) 92 (36) 
Game fish 5 (42) 7 (58) 0 (0) 12 (5) 
Mixed 5 (23) 10(45) 7 (32) 22(9) 

All 107 (43) 74 (29) 69(28) 250 (100) 

1960, 1961; \Valters and Vincent 1973; Gresswell 
1991). 

Of 221 fish control projects in which the target 
species were reduced without stocking_ pi_5:ci_vores, 
170 (77%) attempted partial reductions, and 51 
(23%) sought total elimination (Table 4). Projects 
that attempted total elimination had a greater mean 
success rate (63%) than those attempting partial 
elimination ( 40% ). Success rates were greater for 
rough fish than for the other categories for both 
total and partial eliminations. 

Success with chemical or physical treatment was 
not strongly related to size of water body (Table 
5). For 48 physical removal projects in which size 
of water body was specified, success appeared 
greatest for waters exceeding 400 ha, but no trend 
was evident over four smaller size categories 
(Table 5). For stocking projects, size was specified 

TABLE 4.-Numbers of fish control projects designed to 
reduce or elinilnate target fish without stocking piscivores 
and percentage of projects considered successful or unsuc
cessful or that had insufficient data to determine success. 

Percentage 

lnsuffi-
Target Number of Success- Unsuc- cient 

category projects ful cessful data 

Reduction of target species 

Panfish 68 35 35 30 
Rough fish 80 49 21 30 
Game fish 10 40 60 0 
Mixed 12 8 50 42 

Subtotal 170 40 31 29 

Elimination of targel species 

Panfish 32 63 6 31 
Rough fish II 73 18 9 
Game fish I 0 100 0 
Mixed 7 57 29 14 

, Subtotal 51 63 14 23 

Total 221 45 27 28 
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TABLE 5.-Numbers (percentages) of fish control pro
jects in which chemical treatment or physical removal was 
considered successful and unsuccessful, by size of water 
body treated. 

Water body 
Chemical (N = 55) Physical (N = 48) 

surface Unsuc- Unsuc-
area (ha} Successful cessful Successful cessfu! 

0.2-5 16 (94) I (6) l (1 I) 8 (89) 
5-20 15 (75) 5 (25) 3 (43) 4 (57) 

20-40 2 (40) 3 (60) I (20) 4 (80) 
40-400 5 {63) 3 (37) 6 (43) 8 (57) 
>400 4 (80) 1 (20) 12 (92) I (8) 

for only 11 water bodies-too few to reveal a re
lation between success and water body size. 

Chemical treatment, used in 145 (58%) projects, 
was the most commonly identified method of fish 
control, followed by physical removal or draw
down (70 projects, 28%), introduced fish species 
(29 projects, 12%), and a combination of treat
ments (6 projects, 2%). Rotenone and antimycin, 
used in the majority of chemical treatments, re
sulted in 48 and 45% success rates (Table 6). Ro
tenone was used more often for rough fish, and 
antimycin for panfish. Both chemicals generally 
were less effective for controlling mixed catego
ries. A combination of two or more chemicals, 
usually rotenone and antimycin, was used in four 
projects with a success rate of 25% (Table 6). 
Brook trout (game fish) were successfully elimi
nated with rotenone from two lakes (Klein 1960), 
unsuccessfully reduced in a river (Klein 1961), and 
successfully reduced with antimycin in a stream 
(Gresswell 1991). Copper sulfate was used unsuc
cessfully to treat bluegill (panffsh) nests in one 
project (Beyerle and \Villiarns 1961).---~:fquoxin suc
cessfully reduced northern squ·awfish (rough fish) 
in three projects (Lindland 1973), and toxaphene 
was unsuccessful for control of rough fish in a 
reservoir (Johnson 1966). 

Of 70 projects that entailed physical removal of 
fish or reservoir drawdown, 43% were successful, 
45% were unsuccessful, and 12% had insufficient 
data to determine an outcome (Table 7). Success 
for seines, traps, nets, and electrofishing ranged 
from 33 to 57%; similar success rates were cal
culated for drawdowns (45%) and combinations of 
physical treatments (36%). At a 57% success rate, 
nets were the most effective physical treatment 
used. Traps alone were used successfully in one 
of three projects (Wanie and Hopkins 1951 ~ John
son 1975; \Varnick 1977), and electrofishing was 
also successful in one of three (Sullivan 1955; 
Spencer 1967~ Shetter and Alexander 1970). 

TABLE 6.-Numbers of fish control projects in which 
chemicals were used to remove target fish and percentage 
of projects considered successful or unsuccessful or that 
had insufficient data to determine success. 

Percentage 

Target Number of Success- Unsuc- Insuffi-
category projects ful cessful cient data 

Rolenone 

Panfish 20 60 15 25 
Rough fish 39 49 15 36 
Game fish 3 67 33 0 
Mixed 7 0 57 43 

Subtotal 69 48 20 32 

Antimycin 

Panfish 47 43 9 49 
Rough fish 9 56 22 22 
Game fish I 100 0 0 
~fixed IO 40 30 30 

Subtotal 67 45 14 42 

Combinationa 

Panfish I 0 0 100 
Rough fish 3 33 67 0 

Subtotal 4 25 50 25 

Miscellaneous b 

· Panfish 0 JOO 0 
Rough fish 4 75 25 0 

Subtotal 5 60 40 0 

1btal 145 46 19 35 

a Usually rotenone and antimycin. 
b Includes squoxin, toxaphene, and copper sulfate. 

Stocking various species of fish to control others 
was not as successful as chemical and physical 
treatments. We considered 7 of 29 (24%) stocking 

'projects to be successful and 16 (49%) unsuc
cessful (Table 8)._ Game fish ( excluding ictalurids 
and sa~monids) usually were stocked to control 
panfish, and 4 of 19 (21%) such projects were 
successful. The most common species stocked 
were largemouth bass (8 water bodies), northern 
pike (6), walleye (3), and muskellunge (3). In three 
projects, catfish alone (flathead, white, and blue 
catfish) were stocked to control bluegills, and in 
one project, both flathead catfish and largemouth 
bass were stocked (Swingle et al. 1965). We con
sidered all four projects unsuccessful. In another 
project stocked flathead catfish successfully con
troled black bullheads (U.S. Fish and Wildlife Ser
vice 1992). Salmonids were used successfuJiy in 
two projects. In one, coho salmon were stocked to 
control alewives (Beeton 1969), and in the other, 
cutthroat trout were stocked to control brook trout 
(Wallers and Vincent 1973). 

\Ve found six projects that used a combination 
of chemical treatment and physical methods (Table 

I 

I 
' 
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TABLE ?.-Numbers of fish control projects in which 
various gears, drawdowns, or combinations of these treat-
mentsa were used to remove target species and percentages 
considered successful or unsuccessful or that had insuffi-

cient data to determine success. 

Percentage 

Insuffi-
Target Number of Unsuc- cient 

category projects Successful ce.ssful data 

Seines 

Panfish I 0 100 0 
Rough fish 9 56 22 22 
Game fish 3 0 100 0 

Subtotal 13 39 46 15 

Traps 

Rough fish 3 33 67 0 

Subtotal 3 33 67 0 

Nets 

Panfish 9 67 33 0 
Rough fish 5 60 20 20 
Game fish 2 0 100 0 

Subtotal 16 57 37 6 

Elcctrofi.shing 

Panfish 100 0 0 
Rough fish 0 100 0 
Game fish I 0 100 0 

Subtotal 3 33 66 0 

Drawdown 

Panfish 8 25 75 0 
Rough fish 2 100 0 0 
Mixed l 100 0 0 

Subtotal 11 45 55 0, 

Combination 

Pru1fish 9b 22 78 0 
Rough fish 13 46 15 38 

Subtotal 22 36 41 23 

1btal 68 43 45 12 

3 In addition, a trawl was used unsuccessfully to remove rough fish 
from one water body (Otis 1988), and dynamite was used in one 
water body to remove gars, but insufficient data were available to 
determine success (Copeland 1958). 

b Includes one study of effects of winterkill on panfish growth 
(Beckman 1950); we considered control unsuccessful. 

9); four (66%) were successful (Lambou and Stern 
1959; Riel 1967; Keith 1968; McHugh 1990), one 
(17%) was unsuccessful (Houser and Grinstead 
1961), and one (17%) had insufficient data to de
termine the outcome (Cooper et al. 1971). 

Stocking various fish species after chemical or 
physical treatment may have increased the success 
of fish control projects. In 17 projects, chemical 
or physical treatment was followed by supple
mental stocking of certain species of fish to control 
other species (Table 10), Ten (59%) of these pro
jects were successful and 7 ( 41 % ) were not. This 

TABLE 8.-Numbers of fish control projects in which 

various fish species were introduced to control fish in tar
get categories and percentages of projects considered suc
cessful or unsuccessful or that had insufficient data to de
termine success. 

Percentage 

Target Number of Unsuc- Jnsuffi-
categories projects Successful cessful dent data 

Introduced game fisha 

Panfish 19 21 42 37 
Mixed 3 0 67 33 

Subtotal 22 18 46 36 

Introduced ictalurids 

Panfish 4 25 75 0 
Subtotal 4 25 75 0 

Introduced salmonids 

Rough fish 100 0 0 
Game fish 100 0 0 

Subtotal 2 100 0 0 

Mixed species b 

Panfish 0 100 0 

Subtotal 0 100 0 

Total 29 24 49 27 

a Excluding ictalurids and salmonids. 
h Flathead catfish and largemouth bass. 

success rate exceeds that of chemical treatments 
alone ( 46%; Table 6), physical treatments alone 
(43%; Table 7), and stocking alone (24%; Table 
8). Only combined chemical and physical treat
ments yielded a greater success rate (66%; Table 
9); however, only six Such projects were identified 
and evaluated. Supplemental stocking of game fish 
and mixed categories after chemical or physical 
treatments to control panfish and rough fish ap
peared to be the mos"t successful procedure (Table 
10). Stocking salmonids after chemical treatment 
for control of rough fish resulted in poor success; 
three out of four (75%) such projects failed. 

TABLE 9.-Numbers of fish control projects in which 
combinations of chemical and physical treatments were 
employed to control fish in target categories and percent

ages of projects considered successful or unsuccessful or 
that had insufficient data to determine success. 

Percentage 

Target Number of Unsuc- Insuffi-
category projects Successful ce-ssful dent data 

Panfish 2 50 0 50 
Rough fish 2 JOO 0 0 
Ganie fish l 100 0 0 
Mixed l 0 JOO 0 

Total 6 66 17 17 
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TABLE 10.-Numbers of successful projects that en
tailed supplemental stocking of predaceous game fish, 
mixed species, or salmonids after a chemical or physical 
treatment. Numbers of unsuccessful stockings are in pa
rentheses, 

Target 
category 

and initial 
treatment 

Panfish 
Chemical 
Physical 

Rough fish 
Chemic.al 

Gamefish 
Physical 

!\·fixed 
Physical 

Total 

Game 
fish 

2 
2 

(I) 

5 (I) 

Fish stocked 

Mhed 
species Salmonids 

3 (I) I (3) 

(I) 

(I) 

4 (3) I (3) 

Discussion and Recommendations 

This review suggests that there is considerable 
room for improvement of fish control projects. 
Control has been attempted for many species, by 
many methods, and by many workers, and success 
has been determined by various criteria. Yet less 
than 50% of 250 fish control projects we examined 
were considered successful. 

The seminal reason for the failure of projects 
was not evident, even though authors often stated 
the proximate reason for failure. For example, sev
eral authors stated that a project was unsuccessful 
because of inadequate reduction (removal or kill) 
of a target species, but insufficient information was 
provided to determi!le why the level of reduc_tio~ 
achieved was inadequate. 

\Ve believe fish control projects can be effective 
or ineffective for many reasons. In situations in 
which one species or group of species are directly 
and substantially detrimental to others, removal or 
marked reduction of the detrimental species can 
benefit the others. Other fish communities can have 
such complex interactions among species that re
moval of some species has little apparent effect 
on the remaining species (e.g., Nilsson 1967). 
Moreover, fish communities are profoundly influ
enced by habitat and water quality. If a species or 
group of species is "overabundant" because of 
deleterious environmental conditions, a fish con
trol project can be ineffective or short-lived be
cause it treats the symptom rather than the cause 
of the problem. Furthermore, exploited species can 
be affected by the fishery. A control program de
signed simply to eradicate or reduce the number 
of stunted panfish, for example, would not address 

problems associated with high exploitation of pan
fish predators or the effects of a fishery that is 
selective for the larger panfish in the population 
(Coble 1988). 

Because of the complexity of factors that influ
ence fish communities, we recommend that fish 
control projects be preceded by critical evaluation 
of the assumpt_ions involved and of the suspected 
causes of problems. We also recommend that fish 
control projects include explicit rationale, objec
tives, and pretreatment and long-term posttreat
ment study. This review would have been im
proved if more reports had included sufficient data 
to determine success. About 25% of the projects 
we reviewed lacked adequate information to de
termine success. Our assessments of success or 
nonsuccess are underestimated to the extent that 
projects of undetermined status would hare con
tributed to either of those categories. Collection 
and analysis of pretreatment and posttreatment 
data could allow objective determination of suc
cess of fish control projects and determination of 
the· reasons for failure of unsuccessful projects. 
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