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ABSTRACT -- We describe aspects of sicklefin chub (Macrhybopsis meeki)
reproductive development from three study areas encompassing greater than 2,700
km of the Missouri and Lower Yellowstone rivers.  The sicklefin chub was collected
between late July and early October in 1996 and 1997.  A total of 193 sicklefin chub
was collected and examined for reproductive characteristics.  Twenty-nine sicklefin
chub were found to be reproductively mature females.  Some sicklefin chub
matured at age 2, but most matured at age 3 and all matured by age 4.  Females first
became mature at 70 to 79 mm total length (TL) in the Upper Missouri River reach
in central Montana, 80 to 89 mm TL in the Missouri and Lower Yellowstone rivers
in eastern Montana-western North Dakota, and 90 to 99 mm TL in the lower
Missouri River in Nebraska, Iowa, Kansas, and Missouri.  Gonad mass of gravid
females averaged 6.9% of total body mass and ranged from 1.7 to 13.5%.  Total
number of oocytes per female, ranged from 7 to 1,561.  Reproductive development
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of the sicklefin chub appeared to be group synchronous or asynchronous
indicating multiple spawnings during a spawning season.  This variability in
spawning mode required cautious interpretation of gonadosomatic index values
and oocyte counts as estimates of total fecundity, because some females might
have released a cohort of oocytes prior to their capture.

Key words:  age at maturity, fecundity, Macrhybopsis meeki, Missouri River,
reproduction, sicklefin chub, size at maturity, Yellowstone River.

The sicklefin chub (Macrhybopsis meeki) is a small minnow of large, turbid
rivers in the central United States.  It historically inhabited the entire mainstem
Missouri River and Mississippi River downstream from the Missouri River’s
confluence (Pflieger 1997).  Sicklefin chub declined in the Missouri River following
construction of reservoirs along the middle one-third of the river (Werdon 1993,
Hesse 1994, Galat et al. 2005).  These reservoirs reduced turbidity, altered natural
thermal and hydrologic regimes, and fragmented fish populations (Morris et al.
1968, Keenlyne et al. 1994, Galat and Lipkin 2000).  In 1994, the United States Fish
and Wildlife Service (USFWS) identified the sicklefin chub as a Federal Category 1
candidate species for listing under the Endangered Species Act of 1973 because of
its reduced range.  Range reduction likely was due to destruction and modification
of habitat, such as altered thermal regimes, which might have impacted temperature
dependent spawning cues, predation, and competition from non-native fishes
(USFWS 1995).  By 2000, the sicklefin chub was thought to occupy only 54% of its
former range within the Missouri River system in three reproductively isolated
populations (USFWS 2001).  Although  a petition for Federal listing of the sicklefin
chub as endangered was denied (USFWS 2001), it currently is listed as critically
imperiled or imperiled in six of the seven mainstem Missouri River states
(NatureServe 2005).

Fundamental life history information can aid in the recovery of declining
species.  Currently, the life history of the sicklefin chub is poorly known.  Baltz
(1990) considered reproduction to be an essential life history aspect requiring
study.  Specifically, he listed four areas of primary concern: (1) age and size at
maturity; (2) fecundity estimates; (3) spawning season, including environmental
cues such as stream discharge and water temperature; and (4) spawning habitat.

Grisak (1996) studied the sicklefin chub in the Missouri River in central
Montana and reported on some aspects of its reproduction.  He collected gravid
females and ripe males in 1994 and 1995 and reported sexual maturity at ages 2 to 4.
Five gravid females and one ripe male were collected between 5 and 17 August
1994, when water temperatures averaged 21.7°C (range 19.7 to 22.7°C).  Eleven
gravid females were collected between 18 and 31 July 1995, when water tempera-
tures averaged 21.3°C (range 20.5 to 22.5°C).  Twenty-two ripe males were collected
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between 19 July and 16 August 1995, when water temperatures averaged 22.3°C
(range 18 to 28°C).

These results suggest that the sicklefin chub might have a protracted
spawning season in the Missouri River.  A protracted spawning season could
result from each female spawning multiple times (i.e., multiple or repeated spawner)
or the population might exhibit asynchrony in gonadal development (de Vlaming
1983).  For example, different aged fish might spawn at different times (Mills 1987)
or different populations spawn at different times at different latitudes (Leggett and
Carscadden 1978).   Patterns of oocyte development can be discerned by plotting
the frequency of oocytes in an ovarian sample as a function of oocyte diameter.
Wallace and Selman (1981) found that three basic patterns of oocyte development
can be revealed by examination of oocyte size distributions.  Development is
termed “synchronous” if all oocytes, once formed, grow in unison, and thus
oocyte size-frequency distribution consists of a single mode.  This mode of
development is characteristic of semelparous fishes like anadromous salmon
(Oncorhynchus spp.) and eels (Anguilla spp.).

“Group-synchronous” oocyte development occurs when at least two size
classes of oocytes (i.e., bi-or multi-modal size distributions) can be distinguished in
the ovary of a single female at some time during the spawning season.  Each mode
of similar-sized eggs is spawned at one time but several cycles of egg development
and spawning can occur.  An entire year might be required for one cycle to be
completed in annual spawning fishes or it might only take a few weeks for fishes
that spawn at multiple discrete times within one spawning season.  This is the most
common ovarian development type among teleost fishes (de Vlaming 1983).

Lastly, “asynchronous” oocyte development occurs when oocytes of all
stages of development might be present (Murua and Saborido-Rey 2003).  The
oocyte size-frequency distribution is continuous except in ripe ovaries, where there
might be a clear separation between ripe and yolked oocytes.  Asynchronous
spawning fishes continually develop and release oocytes.  In some species,
individuals might spawn a few eggs every day throughout a spawning season.

Asynchronous spawners presumably undergo multiple spawnings over a
protracted spawning season, whereas group synchronous spawners might or
might not spawn multiple times during the spawning season.  However, the actual
number of spawnings and the number of eggs released during each act cannot be
assessed from oocyte size-frequency distributions alone, but must be determined
from direct observations of spawning females (West 1990).

Although some information on sicklefin chub reproduction has been re-
ported, information is lacking on its type of ovarian development and fecundity by
size class.  Also, size and age at maturity in the Missouri River at locations outside
of Montana are lacking.  The purpose of our study was to present preliminary
information on the reproductive development of the sicklefin chub based on
specimens collected as part of a study examining habitat use and population
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structure of benthic fishes in the Missouri and Lower Yellowstone rivers (Pierce et
al. 2003, Berry et al. 2005).  Our objectives were to determine: (1) age and size at
maturity, (2) total number of oocytes and gonadosomatic indices (GSI), and (3) type
of ovarian development for sicklefin chubs.

STUDY AREA

The Missouri River originates at the confluence of the Jefferson, Gallatin, and
Madison rivers in western Montana and flows 3,768 km to its confluence with the
Mississippi River near St. Louis, Missouri.  The drainage basin encompasses
1,327,000 km2 in portions of 10 states and four physiographic provinces; the Rocky
Mountains, Great Plains, Central Lowlands, and Interior Highlands (Robinson
1986).  The freeze-free season ranges from about 40 days in the extreme upper basin
to greater than 120 days in the lower basin (Hesse et al. 1989).

Individuals of the sicklefin chub were collected from three river reaches
separated by mainstem impoundments.  The Upper Missouri River reach (UMR)
was the Missouri River upstream from Fort Peck Dam, Montana, between river
kilometer (rkm) 3,141.0 and 3,029.0.  The Upper Inter-Reservoir reach (UIR)
encompassed portions of the Missouri River between Fort Peck Dam and the
headwaters of Lake Sakakawea, North Dakota (rkm 2,736.9 to 2,497.2) and the lower
114 rkm of the Yellowstone River, Montana.  The third reach, Lower Missouri River
(LMR), included the most downstream 958 rkm of the mainstem Missouri River
below Gavins Point Dam, South Dakota, flowing through Iowa, Nebraska, Kansas,
and Missouri.  The UMR and UIR reaches were characterized by wide channels
with islands, sand bars, and side channels.  Tributary inputs and absence of an
upstream impoundment on the Yellowstone River permit a semblance of the
historical flow regime with high spring flows and low stable summer flows (Galat
and Lipkin 2000).  The LMR reach flowes through a single, often rock-lined channel
confined by navigation structures and levees and has flows regulated to maintain
navigation, reduce flood peaks, and provide hydroelectric energy production
(Hesse et al. 1989).

METHODS

Individuals of the sicklefin chub were collected between late July and early
October in 1996 and 1997 following standardized collection procedures
(Sappington et al. 1996, 1997).  Shallow water habitats, less than 1.2 m deep, were
sampled with a 10.7 m long by 1.8 m high seine with 5 mm mesh and a 1.8 by 1.8 by
1.8 m center bag.  Deep-water habitats, greater than 1.2 m, were sampled with a 2 m
wide by 0.5 m high benthic trawl with a 3.2 mm inner mesh net.  Water temperature
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(°C) was measured at the surface at each collection site with a YSI Model 30
conductivity/water temperature meter.  All specimens were fixed in 10% neutral
buffered formalin and then transferred to 80% ethanol.  Total length (TL) in
millimeters and total body mass to the nearest 0.1 g were measured on preserved
specimens in the lab.  Scales were removed from these fish for aging and aged by
following methods described in Braaten and Guy (2002).  Scales were removed from
an area between the lateral-line and dorsal fin insertion and mounted between glass
slides.  Scales were viewed at 50X magnification under transmitted light and two
readers independently aged all fish.  If readers did not agree on an age after two
independent examinations, the fish was omitted.  Annuli were determined most
often by crowded circuli, indicative of slowing growth, or less frequently, by the
presence of cut-over incomplete circuli.  Although assigned ages were verified with
our use of two independent readers, ages were not validated with formal methods
such as recapture of previously marked, known-age individuals.  We examined the
following aspects of sicklefin chub reproductive development: age and size at
sexual maturity; total number of oocytes present, GSI values, and oocyte size-
frequency distributions for gravid females.

Gonads were classified as immature or mature based on gross examination of
preserved tissues under a dissecting microscope following descriptions in Bagenal and
Braum (1968), Lehtinen and Layzer (1988), and Crim and Glebe (1990) and by
histological examination based on descriptions in Crim and Glebe (1990) and Takashima
and Hibiya (1995), if gross examination was uncertain.  Gonads for histological
examination were prepared following standard histological methods and were stained
with Mayer’s hematoxylin and eosin (H&E) (Humanson 1967, Hinton 1990).  Gonads
were classified as immature if they were (1) visually transparent, very small, not visible
to the naked eye and often difficult to identify under the dissecting microscope or (2)
were larger, usually visible to the naked eye, and opaque but contained no mature cells.
The extremely small size of the former precluded their histological preparation and
sexual determination, whereas, histological examination of the latter, revealed only
immature egg or sperm cells (e.g., primary oocytes or spermatocytes).  Mature gonads
were large and visible to the naked eye.  Mature testes were white colored.  Gravid
ovaries were orange colored with numerous fully developed eggs present that were
easily seen with the naked eye.  Eggs were round and typically white-yellow colored.
Ovaries subsequently were placed in Gilson’s fluid following weighing to facilitate egg
separation.  Mature ovaries, based on histological examination, contained primary and
tertiary yolk granule oocytes and often empty follicles indicating that some oocytes
had been ovulated (Crim and Glebe 1990).  Flaccid ovaries, either empty or nearly empty
with little internal tissue present were considered spent.  A few ova were present in
some spent ovaries.  All individuals classified as mature or spent were considered
sexually mature adults.

The GSI was calculated as the ratio of ovarian mass to total body mass (Crim
and Glebe 1990).  Gonad mass was measured to the nearest 0.01 g after they had
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been blotted dry with a paper towel.  Number of oocytes present was determined
by using a dissecting microscope to make direct counts of oocytes from gravid
females.  The type of ovarian development was evaluated by examining size-
frequency histograms of oocyte diameters of a random subsample of about 400 ova
from each gravid female.

RESULTS

We collected and examined 193 individuals of the sicklefin chub.  Fifty-one
individuals were collected from the UMR reach, 85 from the UIR reach, and 57 from
the LMR reach (Tables 1 and 2).  Total lengths of all specimens ranged from 16 to
118 mm and ages were between 0 and 4 years old.  The ratio of males to females
was 0.85:1 for all specimens whose sex was determined (Tables 1 and 2).  Only 29
specimens were reproductively mature females.  Sixteen of these 29 females were
gravid with large numbers (228 to 1,561) of eggs present, whereas three other
females had only a small number (7, 27, and 189) of mature oocytes present (Table
3).  These three females were classified as gravid also because their oocytes were
large in size and easily seen.  The remaining 10 mature females were considered

Table 1.  Percent of mature fish at ages for sicklefin chub (Macrhybopsis meeki)
collected from three reaches of the Missouri and lower Yellowstone rivers, July to
October, 1996 and 1997.  Numbers in parentheses are number of fish examined for
each reach, age group, and sex.  The UMR reach is the Missouri River upstream
from Fort Peck Reservoir, Montana.  The UIR reach includes the Missouri River
between Fort Peck Dam and Lake Sakakawea and the lower Yellowstone River in
eastern Montana and western North Dakota.  The LMR reach is the lower Missouri
River in Iowa, Nebraska, Kansas, and Missouri.

  UMR reach UIR reach LMR reach 

Age group Female Male Female Male Female Male 

0 0%(9)*    (0)    (0) 0%(32)* 

1     0%  (1)   0%  (2)    (0)     0%  (2)     0%(3)     0%(8)

2     5%(21) 23%(13)   25%(24)   17%(30)   17%(6)   67%(6)

3 100%  (2)  (0)   92%(13) 100%(10) 100%(1) 100%(1)

4 100%  (1)  (0) 100%  (5) 100%  (1)    (0)    (0) 

*sex not determined.
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spent.  Eighteen of 19 gravid females were collected between the last week of July
and mid-August when water temperatures averaged 21.6°C (Table 3).  However,
water temperatures were quite variable during sampling, ranging from 16.7 to 25.4°C
(Table 3).

Sexual maturation
All collected individuals of sicklefin chub less than 2 years old were

immature, whereas all 3 year old and older individuals, except one, were classified
as mature (Table 1).  Less than 50% of females in all three populations and of males
in the UMR and UIR reaches were sexually mature at age 2.  No age 4 and only two
age 3 individuals were collected in the channelized LMR reach.  Females first
became sexually mature at 70 to 79 mm TL in the UMR, 80 to 89 mm TL in the UIR
reach and at 90 to 99 mm TL in the channelized LMR reach (Table 2).

*sex not determined.

 UMR reach UIR reach LMR reach 

Length group 

TL (mm) 

Female Male Female Male Female Male 

          < 30            (0)         (0)            (0)            (0)           0%(18)* 

        30-39     0%  (2)         (0)            (0)            (0)          (0)          (0) 

        40-49     0%  (7)         (0)            (0)            (0)     0%(3)     0%(4) 

        50-59            (0)   0% (2)            (0)            (0)     0%(1)     0%(1) 

        60-69     0%  (5)   0% (3)     0%  (2)     0%  (2)          (0)     0%(4) 

        70-79     8%(12) 33% (9)     0%(10)     0%(10)     0%(1)          (0) 

        80-89   14%  (7)   0% (2)   46%(13)   33%(18)     0%(3) 100%(1) 

        90-99            (0)         (0)   86%  (7) 100%  (5)   50%(2)   80%(5) 

         100 100%  (2)         (0) 100%(11) 100%  (5) 100%(1)           (0) 

Table 2.  Percent of mature sicklefin chub (Macrhybopsis meeki) for 10 mm length
groups for three reaches of the Missouri and lower Yellowstone rivers, July to
October, 1996 and 1997.  Numbers in parentheses are total number of fish examined
for each reach, length group, and sex.  The UMR reach is the Missouri River
upstream from Fort Peck Reservoir, Montana.  The UIR reach includes the Missouri
River between Fort Peck Dam and Lake Sakakawea and the lower Yellowstone River
in eastern Montana and western North Dakota.  The LMR reach is the lower
Missouri River in Iowa, Nebraska, Kansas, and Missouri.

Dieterman et al.:  Sicklefin chub reproductive development



120 The Prairie Naturalist 38(2): June 2006
Ta

bl
e 

3.
  F

is
h 

id
en

tif
ic

at
io

n 
(I

D
) 

nu
m

be
r, 

co
lle

ct
io

n 
re

ac
h,

 d
at

e,
 w

at
er

 te
m

pe
ra

tu
re

 a
t t

im
e 

of
 c

ap
tu

re
, a

ge
, t

ot
al

 le
ng

th
 (

T
L

),
go

na
do

so
m

at
ic

 in
de

x 
va

lu
e 

(G
SI

),
 to

ta
l n

um
be

r 
of

 o
oc

yt
es

, a
nd

 n
um

be
r 

of
 e

gg
 d

ia
m

et
er

s 
m

ea
su

re
d 

fo
r 

19
 g

ra
vi

d 
fe

m
al

es
 o

f
th

e 
si

ck
le

fi
n 

ch
ub

 (
M

ac
rh

yb
op

si
s 

m
ee

ki
) 

co
lle

ct
ed

 i
n 

th
e 

M
is

so
ur

i 
an

d 
lo

w
er

 Y
el

lo
w

st
on

e 
ri

ve
rs

, J
ul

y 
to

 O
ct

ob
er

 1
99

6 
an

d
19

97
. 

 T
he

 U
M

R
 r

ea
ch

 i
s 

th
e 

M
is

so
ur

i 
R

iv
er

 u
ps

tr
ea

m
 f

ro
m

 F
or

t 
Pe

ck
 R

es
er

vo
ir

, 
M

on
ta

na
. 

 T
he

 U
IR

 r
ea

ch
 i

nc
lu

de
s 

th
e

M
is

so
ur

i 
R

iv
er

 b
et

w
ee

n 
Fo

rt
 P

ec
k 

D
am

 a
nd

 L
ak

e 
Sa

ka
ka

w
ea

 a
nd

 t
he

 l
ow

er
 Y

el
lo

w
st

on
e 

R
iv

er
 i

n 
ea

st
er

n 
M

on
ta

na
 a

nd
w

es
te

rn
 N

or
th

 D
ak

ot
a.

  
T

he
 L

M
R

 r
ea

ch
 i

s 
th

e 
lo

w
er

 M
is

so
ur

i 
R

iv
er

 i
n 

Io
w

a,
 N

eb
ra

sk
a,

 K
an

sa
s,

 a
nd

 M
is

so
ur

i.

F
is

h
 I

D
 

n
u

m
b

er
 

C
o

ll
ec

ti
o

n
 

re
ac

h
 

C
o

ll
ec

ti
o

n
 

d
at

e 

W
at

er
 t

em
p

er
at

u
re

 (
°C

) 
A

g
e 

T
L

 (
m

m
) 

G
S

I 
#

 o
o

cy
te

s 
#

 o
f 

eg
g

s 

m
ea

su
re

d
 

  
  
  
  
2
9
 

U
M

R
 

7
/2

7
/9

6
 

2
2
.9

 
3
 

  
  
 1

0
6
 

  
 1

0
.3

 
  
  
1
,1

1
5
 

  
  
  

  
4
1
6
 

  
  
  
1
8
5
 

U
M

R
 

8
/1

1
/9

7
 

2
4
.5

 
3
 

  
  
  
 9

0
 

  
 1

0
.0

 
  
  
1
,0

5
5
 

  
  
  

  
3
9
0
 

  
  
  
1
8
4
 

U
M

R
 

8
/1

1
/9

7
 

2
4
.5

 
4
 

  
  
 1

1
7
 

  
 1

1
.0

 
  
  
1
,5

6
1
 

  
  
  
  

5
1
2
 

  
  
  
  
  
5
 

U
IR

 
8
/7

/9
6
 

1
7
.2

 
3
 

  
  
  
 8

6
 

  
 1

3
.5

 
  
  
1
,4

7
3
 

  
  
  

  
3
0
2
 

  
  
  
  
  
4
 

U
IR

 
8
/1

3
/9

6
 

2
4
.0

 
3
 

  
  
 1

0
4
 

  
  
 2

.2
 

  
  
  
 4

8
7
 

  
  

  
  
3
7
5
 

  
  
  
  
1
1
 

U
IR

 
9
/1

1
/9

6
 

1
4
.3

 
3
 

  
  
  
 9

3
 

 
  
  
  
 6

4
1
 

  
  
  
  
4
1
0

 

  
  
  
1
4
8
 

U
IR

 
8
/7

/9
7
 

2
5
.2

 
3
 

  
  
  
 9

3
 

  
  
 5

.3
 

  
  
  
 2

2
8
 

  
  
  

  
2
2
8
 

  
  
  
1
4
5
 

U
IR

 
8
/7

/9
7
 

2
5
.2

 
4
 

  
  
 1

0
2
 

  
  
 1

.9
 

  
  
  
  
  
 7

 
  
  

  
  
  
  
7
 

  
  
  
1
4
6
 

U
IR

 
8
/7

/9
7
 

2
5
.2

 
4
 

  
  
 1

0
5
 

  
  
 1

.7
 

  
  
  
  
 2

7
 

  
  
  

  
  
2
7
 

  
  
  
1
4
4
 

U
IR

 
8
/7

/9
7
 

2
5
.2

 
4
 

  
  
 1

0
5
 

  
  
 2

.9
 

  
  
  
 1

8
9
 

  
  
  

  
1
8
9
 

  
  
  
1
6
0
 

U
IR

 
8
/7

/9
7
 

2
4
.9

 
4
 

  
  
 1

0
7
 

  
  
 5

.2
 

  
  
  
 4

9
5
 

  
  
  

  
3
8
9
 

  
  
  
1
6
9
 

U
IR

 
8
/1

3
/9

7
 

1
7
.1

 
2
 

  
  
  
 8

8
 

  
  
 9

.0
 

  
  
  
 4

4
4
 

  
  

  
  
4
0
3
 

  
  
  
1
7
3
 

U
IR

 
8
/1

3
/9

7
 

1
6
.7

 
2
 

  
  
  
 9

0
 

  
  
 5

.5
 

  
  
  
 3

8
8
 

  
  

  
  
3
8
8
 

  
  
  
1
7
0
 

U
IR

 
8
/1

3
/9

7
 

1
7
.4

 
3
 

  
  
 1

0
7
 

  
  
 7

.2
 

  
  
  
 4

2
1
 

  
  
  

  
4
2
1
 

 



121
Ta

bl
e 

3,
 c

on
tin

ue
d.

Dieterman et al.:  Sicklefin chub reproductive development

F
is

h
 I

D
 

n
u

m
b

er
 

C
o

ll
ec

ti
o

n
 

re
ac

h
 

C
o

ll
ec

ti
o

n
 

d
at

e 

W
at

er
 t

em
p

er
at

u
re

 (
°C

) 
A

g
e 

T
L

 (
m

m
) 

G
S

I 
#

 o
o

cy
te

s 
#

 o
f 

eg
g

s 

m
ea

su
re

d
 

  
  
  
1
7
9
 

U
IR

 
8
/1

4
/9

7
 

1
7
.6

 
2
 

  
  
  
 9

0
 

  
  
 5

.3
 

  
  
  
 4

1
1
 

  
  

  
  
4
1
1
 

  
  
  
1
8
0
 

U
IR

 
8
/1

4
/9

7
 

1
7
.6

 
2
 

  
  
  
 9

9
 

  
  
 4

.6
 

  
  
  
 4

1
9
 

  
  

  
  
4
1
9
 

  
  
  
1
6
8
 

U
IR

 
8
/1

5
/9

7
 

1
6
.8

 
3
 

  
  
 1

0
4
 

  
  
 7

.6
 

  
  
  
 6

1
7
 

  
  
  

  
4
1
3
 

  
  
  
  
7
1
 

L
M

R
 

8
/1

3
/9

6
 

2
5
.4

 
3
 

  
  
 1

1
2
 

  
  
 8

.1
 

  
  
1
,1

0
4
 

  
  
  

  
4
0
6
 

  
  
  
2
0
0
 

L
M

R
 

7
/3

1
/9

7
 

 
2
 

  
  
  
 9

2
 

  
 1

2
.5

 
  
  
  
 7

0
2
 

  
  
  
  
4

6
9
 



122 The Prairie Naturalist 38(2): June 2006

Number of oocytes, gonadosomatic index, and ovarian development
Gonad mass of gravid females averaged 6.9% (SD = 3.6%) of total body mass

and ranged from 1.7 to 13.5% (Table 3).  However, fish identification numbers 145,
146, and possibly 144 might have been spent due to their nearly empty and flaccid
ovaries.  Excluding these fish, total number of oocytes present ranged from 228 to
1,561 (Table 3).  Several specimens between 86 and 112 mm TL were collected in mid-
August from different reaches and all had greater than 1,000 ova (fish 5, 71, 185),
whereas other specimens of similar lengths contained fewer than 500 ova (fish 4,
173, 179) and had possibly released one or more clutches before capture.
Consequently, number of oocytes per female was correlated only weakly with total
length (r = 0.26, P = 0.28, n = 16).  Egg diameter size-frequency histograms were
generally unimodal, (Fig. 1).  However, two gravid females showed a bimodal
distribution in egg diameters (fish 184 and 11, Fig. 1).

DISCUSSION

Roff (1981) recommended using the lowest age or size at which one-half of a
cohort reproduces as the definition of age or size at maturity for a population.
Based on these criteria, reproductive maturity of sicklefin chub in the Missouri
River tentatively occurs at age 3 and for fish exceeding 90 mm TL.

No spent female sicklefin chubs were collected in the LMR reach.  Few gravid
females (21% of total females collected) and low numbers of spent females in our
collections might indicate post-spawn mortality.  Trautman (1981) noted large
numbers of dead, recently spawned individuals of the related silver chub (M.
storeriana) washed up on the shores of Lake Erie during the spawning season in
June and July in Ohio.  If confirmed, the larger size at maturity for females of the
sicklefin chub in the LMR reach coupled with a potential for post-spawn mortality
could represent a population bottleneck in the lower river.  Females of the sicklefin
chub would need to grow and survive until they reach 90 mm TL to spawn in the
lower river, but if substantial numbers of females die following spawning, most
females of the sicklefin chub might only live to spawn once in the LMR reach.
Alternatively, in upstream reaches, more females might be able to release eggs
because smaller-sized females can spawn there.  Some of these females might die
from post-spawn mortality but some either survive to larger sizes or else similar-
sized conspecifics do not reproduce, but instead, survive to spawn the following
year.  This would explain the wider size range of mature females in the UMR and
UIR reaches compared with the LMR reach (Table 2).

Uneven sex ratios can reduce the genetically effective size (N
e
) of small

populations (Nelson and Soulé 1987, Meffe and Carroll 1997).  We found females of
the sicklefin chub (54%) to be more common than males (46%), a pattern common
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among many freshwater fishes (Bennett 1970).  For example, Gould (1985) reported
51% of flathead chub (Platygobio gracilis) collected in selected Montana streams
to be female, whereas 49% were male.  A genetically adequate sex ratio for a
population likely varies by species, but Meffe and Carroll (1997) provide a simple
formula for calculating N

e
 based on the numbers of breeding males and females in

a population.  We do not know of any published estimates of sex ratios for sicklefin
chub and therefore recommend using our ratio as a baseline for future studies.
However, we acknowledge that some factors can affect these estimates, such as
collecting fish in disproportion to their sex ratio.  For example, if our largest
numbers were collected in a particular habitat and most males where in some other
habitat not well sampled, we might not have collected them in true proportion to
their abundance in the entire river.  Alternatively, sex can be miss-classified if
gonads from immature fish or early seasonal development are used, although we
tried to alleviate this by omitting immature fish from our sex ratio determination.
Spawning sicklefin chub under controlled conditions and rearing the young might
be necessary to help resolve estimates of true sex ratios.

Our results on ovarian development in conjunction with other information
supported classifying the sicklefin chub as a group-synchronous or possibly an
asynchronous spawner.  Two individuals appeared to show group-synchronous
ovarian development as indicated by a somewhat bimodal oocyte size-frequency
distribution, whereas all other females exhibited a unimodal oocyte size-frequency
distribution that would imply synchronous development.  However, the wide range
of number of oocytes per female for individuals of similar length (e.g., fish
identification numbers 185, 173, and 179; Table 3) suggested some individuals
might have released one or more clutches before capture.  The first appearance of
larval sicklefin/sturgeon chub (i.e., it is not presently possible to distinguish these
two species at larval stages) in mid June in the LMR (Tibbs and Galat 1997) is
consistent with our finding that some or all of the females collected in August
already might have released one or more batches of eggs (i.e., multiple spawners),
or that different fractions of the population spawn at different times.  Others have
reported collecting sicklefin/sturgeon chub larvae from mid-June through mid-
September in various years in the LMR (Galat et al. 2004, Reeves 2005), which
would indicate multiple spawning periods also.  Finally, our observations of large
diameter oocytes in sicklefin chub ranging from two to four years old indicated that
individuals likely spawn more than once in their lifetime, which suggests that the
species is iteroparous as are most cyprinids (Helfman et al. 1997).  The bimodal
oocyte size-frequency distribution in two fish, seasonal lateness of our collections,
variable number of oocytes present per female, and large oocyte diameters in many
females (Fig. 1, Table 3), coupled with a 3-month period when larval sicklefin/
sturgeon chub have been collected by others argues against the species having
synchronous ovarian development and for sicklefin chub exhibiting group-
synchronous or asynchronous ovarian development.  If so, the maximum number
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of oocytes we recorded (1,561) would be an underestimate of fecundity if individual
sicklefin chub are multiple spawners and this female had released eggs previously.
This is why we reported numbers of oocytes recorded per female, rather than
referring to it as fecundity.  Fecundity of the closely related sturgeon chub
(Macrhybopsis gelida) was reported to range from 2,000 to approximately 5,300
immature and mature oocytes, but was based on only eight fish (Stewart 1981,
Werdon 1992).

Group-synchronous or asynchronous ovarian development indicates that the
species can spawn over a protracted spawning period, which is consistent with
other fishes inhabiting highly variable environments, such as the Missouri River.
Fishes with a limited spawning season, based on a narrow range of environmental
cues, might risk loss of an entire year class if those proximate spawning cues are
not realized in a given year.  Even if a species successfully spawns, subsequent
harsh environmental conditions, such as flooding, might kill all newly spawned
eggs or larvae (Harvey 1987).  Thus, in highly variable environments the most
successful species might be those exhibiting protracted spawning seasons to
ensure some individuals are able to survive sporadic harsh conditions (Matthews
1998).  Numerous short-lived fishes inhabiting the variable streams and rivers of
the Great Plains Region exhibit protracted spawning seasons (Starrett 1950, Fausch
and Bestgen 1997, Dodds et al. 2004).  Therefore, not surprisingly the sicklefin
chub appears to have a similar reproductive strategy.

In summary, our results for sicklefin chub collected throughout most of the
length of the Missouri River indicated that at least some individuals mature at age 2,
but most mature at age 3.  Females can produce over 1,000 oocytes that might compose
more than 10% of their total body mass.  Large differences in numbers of oocytes
among similar sized individuals, the presence of bimodal egg size frequency peaks in
some individuals, and the long period when larvae have been reported in the lower
Missouri River lead us to hypothesize that the species is a protracted spawner and
perhaps some individuals might be multiple spawners.  These results are preliminary
and should therefore not be over interpreted.  They need to be more rigorously
evaluated by collecting larger sample sizes of females of the sicklefin chub earlier and
later in the year and conducting more detailed histological analyses of ovarian
development.  Laboratory studies, where spawning is induced (e.g., Platania and
Altenbach 1998), can help determine their spawning mode, reproductive behavior, and
egg type (e.g., demersal vs. pelagic).  Such fundamental information on reproductive
development and strategies is required for successful management of this and other
imperiled small-bodied, big river fishes.
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