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Table 1
Occurrence of intersex by speciesa.

Family, species Female Male

No. fish with
intersex/n

% No. sites with
intersex/n

% No. fish with
intersex/n

% No. sites with
intersex/n

%

Centrarchidae
Largemouth bass (Micropterus salmoides) 0/426 0 0/55 0 70/390 18 23/52 44
Smallmouth bass (Micropterus dolomieu) 0/90 0 0/15 0 23/70 33 7/16 44

Cyprinidae
Common carp (Cyprinus carpio) 1/798 0.1 1/89 1 0/774 0 0/89 0

Ictaluridae
Channel catfish (Ictalurus punctatus) 0/44 0 0/6 0 3/42 7 3/6 50

a Intersex was not observed in largescale sucker, longnose sucker, white sucker, spotted bass, northern pike, flathead catfish, burbot, striped bass, white bass, or brown
trout.

bass (n = 30), hybrid striped/white bass (n = 3), burbot (n = 13), flat-
head catfish (n = 10), northern pike (n = 156), largescale sucker
(n = 157), longnose sucker (n = 45), white sucker (n = 19), or brown
trout (n = 20); however, sample sizes were notably small for some
of these species.

Intersex was not observed in any of the 774 male common carp
examined, but one of 798 female carp (0.1%) was intersex (Table 1).
The gonads of the intersex female carp contained primarily ovarian
tissue with some sperm (Fig. 2D). This fish was one of eight female
carp collected from Site 320 (Colorado R. at Willow Beach, Arizona).
Its ovaries were identified as abnormal during the field necropsy

because both gonadal lobes were red and macroscopically devoid
of eggs (i.e. similar to a spent ovary); normal carp ovaries typically
contain yellow or brown eggs.

Intersex was observed in three of 42 male channel catfish
(7%), but they represented three of six sites from which this
species was collected and examined microscopically (Table 1,
Fig. 1). At the three sites from which intersex fish were col-
lected, the percentage of intersex channel catfish per site ranged
from 13% to 33%. One intersex catfish was found at each of the
following sites in the Colorado River Basin: Sites 312 (Green R.
at Ouray National Wildlife Refuge, Utah), 317 (San Juan R. at

Fig. 1. Occurrence of intersex in fish. LMB, largemouth bass; SMB, smallmouth bass; Other, channel catfish (Sites 312, 317, and 324) and common carp (Site 320). Numbers
inside symbols represent site numbers. ARB, Apalachicola River Basin; CORB, Colorado River Basin; CRB, Columbia River Basin; MORB; Mobile River Basin; MRB, Mississippi
River Basin; PRB, Pee Dee River Basin; RGB, Rio Grande Basin; SRB, Savannah River Basin; YRB, Yukon River Basin. See Supplemental Table 1 for site descriptions.
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Fig. 2. Histological observations of intersex in fish. (A) Testicular oocytes (arrows) observed within testes of a largemouth bass from the Pee Dee River. Note mature sperm
(circle) within the tubules. (B) Oocytes (arrows) within testes of a smallmouth bass from the Colorado River. (C) Oocyte (arrow) within an immature testes of a channel catfish
from the Colorado River. (D) Foci of sperm (arrows) within the ovary of a common carp from the Colorado River. Scale bar = 100 �m. H&E stain.

Hogback Diversion, New Mexico), and 324 (Gila R. at Phoenix,
Arizona). The gonads of channel catfish from sites in the Rio
Grande Basin (Sites 511 and 516) were not examined microscopi-
cally.

Intersex smallmouth bass were found in the Columbia, Colorado,
and Mississippi River Basins; the one male smallmouth bass from
the Rio Grande Basin (Site 514) was not intersex. Intersex was

observed in 23 of 70 male smallmouth bass (33%) from 7 of 16
sites (44%) (Table 1, Fig. 1). At sites where intersex smallmouth
bass were collected, the percentage of intersex ranged from 14% to
73%. The occurrence of intersex was greatest in male smallmouth
bass from Sites 111 (73%; Mississippi R. at Lake City, Minnesota),
311 (70%; Yampa R. at Lay, Colorado), 42 (43%; Salmon R. at Rig-
gins, Idaho), and 502 (67%; Columbia R. at Warrendale, Oregon)

Fig. 3. Intersex condition in male fish by site. The number of intersex in female fish is presented for Site CORB 320. Other, channel catfish (Sites CORB 312, CORB 317, and
CORB 324) and common carp (Site CORB 320). ARB, Apalachicola River Basin; CORB, Colorado River Basin; CRB, Columbia River Basin; MORB; Mobile River Basin; MRB,
Mississippi River Basin; PRB, Pee Dee River Basin; RGB, Rio Grande Basin; SRB, Savannah River Basin. See Supplemental Table 1 for site descriptions.
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Fig. 4. Intersex condition in largemouth bass (LMB) and smallmouth bass (SMB) by age.

(Fig. 3). Percent intersex was lower at Sites 67 (25%; Allegheny
R. at Natrona, Pennsylvania), 72 (25%; Wisconsin R. at Woodman,
Wisconsin), and 74 (14%; Mississippi R. at Little Falls, Minnesota),
where only one intersex smallmouth bass per site was found
(Fig. 3).

Intersex largemouth bass were found in the Colorado, Rio
Grande, Mississippi, Mobile, Apalachicola, Savannah, and Pee Dee
River Basins; male largemouth bass from the Columbia River Basin
were not intersex. Intersex was observed in 70 of 390 male large-
mouth bass (18%) from 23 of 52 sites (44%) (Table 1, Fig. 1). At
sites where intersex fish were observed, the percentage of inter-
sex largemouth bass per site ranged from 8 to 91% and was most
prevalent in the southeastern United States. Intersex occurrence
was greatest in male largemouth bass from Sites 338 (91%; Pee
Dee R. at Bucksport, South Carolina), 336 (67%; Pee Dee R. at Rock-
ingham, North Carolina), 337 (64%; Pee Dee R. at Pee Dee, South
Carolina), 332 (60%; Apalachicola R at Blountstown, Florida), 335
(50%; Savannah R. at Port Wentworth, Georgia), 334 (50%; Savannah
R. at Sylvania, Georgia), 333 (43%; Savannah R. at Augusta, Georgia),
330 (30%; Chattahoochee R. at Omaha, Georgia), and 331 (30%; Flint
R. at Albany, Georgia) (Fig. 3). A lower occurrence of intersex was

also observed in male largemouth bass from the Mobile River Basin
at Sites 326 (25%; Tombigbee R. at Lavaca, Alabama), 329 (25%;
Mobile R. at Bucks, Alabama), and 327 (10%; Coosa R. at Childer-
sburg, Alabama) (Fig. 3). Relatively high proportions of intersex
largemouth bass were observed at three sites in the lower Rio
Grande Basin including Sites 512 (50%; Rio Grande at Brownsville,
Texas), 513 (44%; Rio Grande at Falcon Dam, Texas), and 16 (20%;
Rio Grande at Mission, Texas) (Fig. 3). In addition, 40% of male large-
mouth bass from Sites 322 (Colorado R. at Imperial Dam, Arizona)
and 323 (Gila R. at Hayden, Arizona) in the Colorado River Basin
were intersex (Fig. 3). Intersex occurrence was lower in males at
Sites 78 (22%; Verdigris R. at Oolagah, Oklahoma), 213 (14%; Wolf
R. at LaGrange, Tennessee); 83 (11%; Missouri R. at Hermann, Mis-
souri), 26 (10%; Illinois R. at Beardstown, Illinois), 81 (8%; Red
R. at Alexandria, Louisiana), and 82 (8%; Red R. at Lake Texoma,
Texas/Oklahoma) in the Mississippi River Basin, typically being
observed in only one fish per site (Fig. 3).

There was no significant difference in the mean age of intersex
and male smallmouth bass (F1,66 = <0.01, P = 0.98; Fig. 4). In con-
trast, intersex largemouth bass were significantly younger than
male largemouth bass (F1,368 = 29.57, P < 0.01; Fig. 4). Age ranged

Table 2
Occurrence of intersex in male largemouth bass (LMB) and smallmouth bass (SMB) by basin, and associations of biological endpoints between male bass with and without
the condition.

Basin, species No. of fish % Intersex fish No. of sites % Sites with intersex fish Significant differences in endpoint means

Mississippi River Basin (1995)
LMB 174 4 22 27 Length (−), MA-# (−)
SMB 27 41 5 80 MA-% (+), 17�-estradiol (+)

Columbia River Basin (1997)
LMB 34 0 7 0 NA
SMB 24 21 8 25 MA-A (+), HAI (−)

Rio Grande Basin (1997)
LMB 29 35 4 75 None
SMB 1 0 1 0 NA

Colorado River Basin (2003)
LMB 42 14 6 33 EROD (−)
SMB 18 39 2 50 Age (+), EROD (−), HSI (+), SSI (+), HAI (+)

Apalachicola River Basin (2004)
LMB 30 67 3 100 None

Mobile River Basin (2004)
LMB 36 14 4 75 HSI (+)

Pee Dee River Basin (2004)
LMB 25 80 3 100 Age (−), stage (−)

Savannah River Basin (2004)
LMB 21 48 3 100 None

Biological endpoints for which mean values were significantly different (P < 0.05, one-way ANOVA) between intersex and male bass are noted; +, mean for intersex fish
greater than male fish; −, mean for intersex fish less than male fish. Sampling year is noted in parentheses.
NA, not applicable.




