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INTRODUCTION

The shovelnose sturgeon, Scaphirhynchus platorynchus,

is éﬁe of the least known fishes in North America. The
majority of North American freshwater fishes are annual
spawners that mature in 2-5 years with a maximum longevity
of 15 yéars. In contrast, most sturgeon do not mature until
they are 10-20 years old and then spawn at intervals of two
or more vears. .ife spans range from 20-30 years for the
smaller sturgeon to over 100 years for the larger species.
Sturgeon are characterized by a long tapering snout,
subconical in many but extremely depressed, broad and shovel-
like in others. The boedy is long and subeylindrical and the
flat ventral surface is usually white. The darker lateral
and dorsal surfaces are armored with five longitudinal rows
of large bony shields or scutes. The carinate scutes are
strongly spined in young sturgeon but dull with age and may
become completely embedded within the skin in the older fish
of some larger species. Small dermal plates cover the body
between the scutes. The head is protected by bony plates
joined by sutures and the skeleton is mainly cartilaginous
with a persistent notochord. A traverse row of four barbels
is located anterior to the subterminal protractile mouth.
The anal and dorsal fins are placed far back on the body,
posterior to the abdominal pelvic fins. The pectoral fins

are relatively large and situated near the ventro-lateral




border justzbehind the gill opening. The upper lobe of the

heterocercal caudal fin terminates in a filament in some

s

species.
Prior to 1950 there were only a few definitive studies

on North American sturgeon, including the notable works of

- Ryder (%890), Harkness (1923) and Greeley (1937). Fisheries

-bioldgists.therefore were forced to rely upon information

on reléted'spegies in the Russian and European literature.
Research by_Caﬁéﬁian_scien;istg, especially Jean-Paul
Cuerrier, EtiEnﬁe'Magnin, and George Roussow, spurred
renewed iﬁterest in North American sturgeon in thg‘early
1950's. The introduction of the fin ray technique for
aging stgégeon by Roussow was a significant contribution
(Cuerrier,'léﬁl).

The 25 known species of sturgeon are distributed among

four genera- Acipenser Scaphirhynchus, Huso, and *

Pseudascaphlrhyﬁchus (Harkneas and Dymond, 1961) Both

spec1es of: 3caph1rhynchus and flve species of A01Eenser are

'.1nd1g1nous to §ortn Amerlca Four of these seven are

anaéromous. two on each coast, while Scaphlrhynchus and the

lake sturgeon, Acmpenser fulvescens, are restricted to fresh

water. All three fresh-water species are found in the

Mississippi ba51n. The shovelnose and pallid sturgeon,; S.

“album, are confined to the Mississippi River and its larger

tributaries, especially the Missouri River. The wide rang-
ing lake sturgeon is found in three major North American

drainagelbasins; the Mississippi, the Great Lakes and the




Hudson Bay.

. The lake sturgeon is the best known North American
sturgeon and references to this species wexe'heéviix utilized
during this study. A monograph by garkness and Dymond
(1961) summarized the data on lake sturgeoﬁ_and contained
an extensive literature review. Age and growth studies on
this spééies were reported by Cuerrierx (1951), Cuerrier_and

Roussow (i951), Probst and Cooper (1955), Magnin (1966a),

Royer et al. (1968), and Haugen (1969). Reproduction was
studied by Bainéyg<192a), Roussow (1957), Cuerrier (1966),
and Magnin (1966b and c¢). The Wisconsin Department of )
Natural Resources has studied age, growth, and repfodﬁction
as they relate to managing the sturgeon sport fishery
i (Wirth, f§55; Priegel and Wirth, 1971). Information on
food habits is included in some previously cited studies and
an investigation on movement was published by Magnin. and
Beaul1eu (1966) |
The shovelnﬁse sturgeen -also called the sand sturgeon _

hackleback or sw1tchtall has been found 1ﬂ every.state'
along the MlSSlSSlppi Mlssourl Ohio river dzalnage At one
time its distribution included the Ohio River eastward into
Pennsylvaﬁia, the Rig Grande in New Mexico, the Platte
westward into Wyoming, the Missouri into Montana, and

- several trlbutarles east of the Mississippi (Bailey and

.%Cross (1954). A shovelnose was captured in the Tomblgbee
River in Alabama and was the first for that river but hot

l’i: f for the state (Chermock, 1955). The shovelnose range is now




generally restricted to the Mississippi and Missouri rivers
. and the lower stretches of their larger tributaries.
According to Trautman (1957) its distribution in Ohioc is -
now restricted to the extreme western part of the stéte.
All recofds from the Rio Grande and Platte rivers are very
old. Reports; however, confirm its continued existence in
tributaries of the Missouri River in Montana and the Red
River basin in Texas and Oklahoma (Bonn and Kemp, 1952;
Bailey and Cross, 1954). |
The Shoveinoge sturgeon is one of the smaller sturgeon
species. Rafinesque (1820, as cited by Bailey and Cross, ~
1954) reported weights up to 9 kg, but these were gériously
questioned.ﬁ Eddy and Surber (1943) stated that it rarely
exceeds ailéngtb cf 91 cm or 2.7 kg. The largest Ohio River

shovelnose taken by Everman (1902) was a female, 74.9 cm long

weighing 2.1 kg. The average length (method of measurement
not given) aﬁd welght of the females was 64.5 cm and 1.5 kg;
for the males 55.1 cm and 6.9 kg.

In the Mississippi River bordering Iowa and Illinois,

Monson and Greenbank (1947) reported their four largest

shovelnose were females between 78.7-81.3 cm fork length and
averaging 2.7 kg. The mean weight of shovelnose- collected
from the Mississippi River was 600 g (Barnickol and Starrétt,
(1951). This included nearly 600 fish ranging in total Ilength
i{tip of snout to base of caudal filament) from 35.6 to 36.4
em. More recent Mississippi River collections included fish

. up to 12 years old and 73.7 cm fork length (Helms, 1973;




1974) . In the Red Cedar-Chippewa River system (a tributary
of the upper Mississippi) shovelnose ranged between 50.8 and
82.3 cm fork length and the largest sturgeon wéigbed 2.6 kg,
about 50% of the fish collected were between 62 ané 70 cm
(Christenson, 1975).

In the late 1800’S:shovelnose sturgeon were considered
a nuisance by commercial fishermen and many were intention-
ally destroyed. By 1900, however, they became comﬁercially
important, The roe, made into caviar, was highly prized and
the ”hog-dressed” fish made one of the most esteemed smoked

fish products from the Mississippi River (Cokexr, 1930).°

Barnickol and Starrett (1951) reported a marked decrease in

commercia} catches between 1899 and 1946 (from about 84,825
to 13,6@Dﬁkg - for Iiiinois, Missouri and Iowa) but recant
catches reported from Eowa {(Helms, 1972) have been as high

as 27,200 kg, ,

| Trautman (1957) and Harkness and Dymond (l961):indicated
that sturgeon may be susceptible to'overfishing because they

mature late in life and grow slowly. In the Missouri River,

Funk and Robinson (1974) suggested that overfishing contrib- '
uted to the decline in shovelnose abundance, but they appar- }
ently believéd.tbatfhabitat changes associated with channel-
ization had a greater impact. Barnickol and Starrett (1951) %

also cited habitat reduction and deterioration as a major

: factor causing the decline of shovelnose.

Shovelnose have a marked preference for lotic environ-

ments. Commercial fishermen usually fish main channel or




near~chanﬁel,hébitats and their larger catches of éhovélnose_
are usually in areas with sand or gravel bofﬁoms and substan-
tial current. Schmulbach et al. (1975) and Kallemeyn and
Novotny (1977) alsc found shovelnose abundance was highest

in main channel and sand bar habitats in the Missouri River
where current was substantial. Coker (1930) noted that a
specimég capturgd in a slough of the Mississippi River near
Keokuk caused excitement because few shovelnose were caught
in habitatslother than the main channel. The reduction of
lotic:énviyonmeﬁk infthe Mississippi River by the lock and
dam.syStem for navigation, and the large maiﬁ stem reservoirs
on the Miésouri River, has apparently impacted shpvelnose
abundance. Coker (1939} stated that shovelnose were virtu-
ally el%@inatéd from Lake Keokuk on the Mississippi River
because of their preference for current,.while Barnickol and
Starrett (1951) and Held (1969) suggested that siltation

caused by channellzatlon and dammlng has reduced both the

'3quant1ty and avallablllty of food used hy shovelnose

Decllnzng catches of shovelnose were reported in the

'”flarge main stem storage reservomrs on the Missouri River by

Nelson (1961), Gasaway (1970), and Walburg (1964; 1977).

The author, while working for NCRI* in the late 1960's,

captured very few shovelnose within Lake Francis Case (Fort

Randall Reservoir in South Dakota), but collected large

numbers at-the-ﬁpper end of the reservoir near Chamberlain,

*North Central Reservoir Investigations, Bureau of
Sport Fisheries and Wildlife, Yankton, South Dakota.
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South Dakota where the current increased. Construction of
Missouri River dams has also prevented shovelnose from
reaching traditional riverine spawning areas in at %east
one location (Walburg, 1977). The main stem reservoir
system on the Missouri, completed in the late'195®‘sﬁ now
impounds over 1400 km of river, at full ﬁool, leaving only
510 km of free-flowing river between Fort Peck Dam in
Montana and Gavins Point Dam in southeastern South Dakota.

Furtherﬁore only a reiatively short 83 km section of

umchannellzed rlver exists downstream of GaVlnS Point Dam

(the site for this study), since the Missouri Rlver has
stabilized banks or is channelized from Ponca, Nebxaska
downstream; to its confluence with the Mississippi River near
St. Louié, Missouri. This severe reduction in riverine
habitat has been detrimental to the shovelnose and will

continue to influence the abundance of this species in the

“jjfuture

.Sturgeon are usually ageé uSLng cross sections of the

ﬂprlmary or marglnal'vay o§ the pectoral f1n Cuerrler (1951)

descrlbed the technsque and &lscussed the validity of the

observed annuli. The fin-ray procedure has been successfully

used for lake sturgepn (Cuerrier and Roussow, 1951; Probst

and Ceeper, 1655; Rover et al., 1968), white sturgeon (Pycha,

. 1956; Semakula and Larkin, 1968), and several other species

' (Cuerrier, 1951; Magnin, 1964).

In fin-ray sections from sexually mature sturgecn, there

are several single annuli between periodic "belts’ of closely




spaced annuli. The belts form during the several-year
period prior to spawning when much of the available energy
is diverted into the maturing gonads, and the widely spaced
annuli are laid down for a few years after spawning as more
energy is used for growth (Roussow, 1957). Therefore, in
addition to ages a fin-ray section also provides information
about the age at maturity (first annulus of the first belt),
the age at first spawning (last annulus of the firét belt),
and the interval between spawning attempts.

The only aée and growth data available for shovelnose
sturgeon were reported by Fogle (1963), Zweiacker‘(1967j?
and Helms (1973;1974). Helms (1974) aged 110 shovelnose
collectedﬁfrom the Mississippi River near Bellevue, Iowaj
these fésh ranged from 18.8 to 60.2 cm fork length and were
assigned to age groups 0 through III. The assessed ages
compared favorébly with lengths determined by 1eng§hufrequency
distribution and age groups 0 and I could be identified using
only length during most of the yeaf. Mean fork lengths at
time of capture were 22.6, 34.8, 48.0, and 55.9 cm for ages
G, I, II,.and ITI, respectively. In additiomal collections
Helms (1973) reported shovelnose up to 12 years old and more
than 71 cm in fork length. Average calculated fork lengths
at annulus formation ranged from 21 cm to 70.9 cm for shovel-
nose at 1 énd 11 years of life, respectively. Gfowth rates
decreased after thé fourth year of life, apparently as fish
attained sexual maturity.

Zweiacker (1967) and Fogle (1963) worked wirh shovelnose




in the Missouri River bordering South Dakota. Young fish
were not collected in either study and length ranges were
relatively narrow. Fogle (1963) aged 35 fish ranging from
45,7 to 58.4 cm total length. He assessed their agé from 3
to 10 years old. Zwelacker (1967) aged 288 shovelnose that
ranged from 8 to 27 years old and 48 to 55 cm fork length.
Body lergth did not increase consistently with ége‘for the
Missouri River fish and neither Fogle nor Zweiacker were able
to validate the marks interpreted as annuli. Unsuccessful
attempts to age ;hovelnese sturgeon from the Chippewa River
in Wisconsin (Christenson, 1975) were attributed to vefy'slow
growth of fish in the size ranges collected, and evidence
suggests ;hat siow growth also occurs in the Missouri River
populati%ﬁs (Zweiacker, 1967).

Even though the literature on shovelnose sﬁurgeon is
conflicting or deficient in several respects, all p;evious
investigations indicate that shovelnose spawn in the spring
as do other sturgeon. Forbes and Richardson (1920) reported
shovelnose spawning between April and June in the Mississippi
River bordering Illinois. They thought that shovelnose
ascended tributaries.to spawn. In the Mississippi River near
Keokuk, Towa, Coker -{1930) reported large numbers of shovel-
nose with eggs and milt flowing during mid-May. He noted that
the end of the spawning season, or at least the deqlining
phases, were demarked by the last shipments of caviar from
local processors. In 1916, the last shipments were made

around mid-June. Coker (1930) suggested that spawning occurs
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on rocky bﬁttoms'in swift water. Commercial fishermen south
of Dubuque, Towa, reported shovelnose spawning during April
and May (Barnickol and Starrett,1951). During this period
males predominated in drifﬁ«ﬁet catches from the channel..
The fishermen thought that females sought "cover" during this
time and returned to thelchannel,in June. These observations
suggest that_spawning may not occur in the main channel, or
at least not in the stretch used by commercial fishermen,

Mdre recent work in the Mississippi River bordering Iowa
has confirmed spring'spawning (Helms, 1972; 1973). Ripe
males were collected during late May and gravid females were
present in catches thraugh mid-June. The first spéht female,
a positive fign of spawning activity, was observed in late
May. Although Helms did not locate spawning areas he noted
that shovelnose were seasonally abundant in.tailwater areaé
of the lock and dams during May and June.

Further north in Mlnnesota and Wisconsin, spawning:

h  0ccur$ in May and June (Eddy and Surber 1943* Chfiétenson
- 1975). Eddy and Surber thought that shovelnose spawned in

“ '1areas of rapld current and they observed large numbers of

sturgeon during the spawning season at a dam on the St, Croix
RBiver near Taylor Fél;s;.Minnesota; Christenson- (1975)

reported recently spent female shovelnose in late May and

 _ear1y June catches from the Red Cedar-Chippewa River_Systém,
ibut was unable to locate spawning areas. June (1977) was

" also unable to locate spawning grounds in the middle Missouri

River but he suggested that, based on catches of ripe




individuals, spawning occurred over rock, rubble, and gravel
bottoms. He reported peak spawning in mid-July.

Monson and Greenbank (1947) published the first informa-
tion om the size of shovelnose at maturity. They dete%mined
that most females did not mature'until they reached a fork
length éﬁeater than 63.5 cm while 32% of the males less than
63.5 cm wefe mature. They conceded, however, that male
maturlty was éxfflcult ‘to determine. Barnickol and Saarrett
_(1951) examlned shovelnose from the same area (the ITowa-

1 ElilﬁOls section offthe Mississippi River). The smallest

mature female was 63.5 cm while males reached maturity at

49.5-55.9 cm. Total lengths in this study were takeﬁ from

the tip of the snout to the base of the caudal filament.

Christenson' (1975) reported similar results in the Chippewa

River, Wisconsin, a tributary of the Mississippi River. The

smallest mature male and female he collected was 56.1 cm and

;§62 7 cm‘zn fork length respectiveky- Helms (1972, 1973).
 ?concurred that males and females matﬁré'at about 55 9 and:
63. 5 em, respectlvely,:and prov&ded the only age at maturlty
'sdata kmown for shovelnosa sturgeon Males matured earlier
than females; about 40% of age IV males were mature or
developing whilé”femaias spaﬁned for the first time at age
YIT or older. |

There §3 50me evidence indicating that shovelnc;e
Eéﬁrgeon in_fhe Missouri River mature at a smaller size than

_Missiésippi River shovelnose. Zwelacker (1967) thought that

all or most of the shovelnose he captured were mature, even
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though several were only 43.2-48.3 cm in fork length. These
!!; Missouri River shovelnose were reported to be 8 to 27 years

old, but the lack of known age fish and the narrow size range

of fish in Zweiacker's collections prevented him from
validating the ages. He found that shovelﬁose grew slowly
but steadily up to about 50 cm ferk-length and then growth
o in length wag very slow
Shovelnose sturgeon are.apparently opportunlstlc feeéers
i ut1l1z1ng macroxnvertebrates found in the benthos and drlft
ZEShovelnose lecatgafopé with the sensory organs on the snout
and barﬁeis and the féod items are sucked from the bottom
3_ with the protrusible mouth. Shovelnose reportedly uée_the
rostrum to dgsturb the bottom when feeding (Forbes and Rich-
.."ardson 1920) . R

Immature aduatlc insects, including mayflies, dragonflies,
caddis flles and midge larvae form the bulk of their.giet
 fEddy and Surber 1943 Barnlckal and Starrett, 1951; Hoopes
'-:1960 ‘Held, 1969 anci “@odde and Schmulbach 1977) Held
(1969) found 1mmature aquatlc lnsects in over 97i of the 75
fMlssourL Rlver flsh he collected in mld June Chlronomldae
'1arvae, primarily Tendlpedldae and Heleidae, and mayfly
.nailads, primariiy_Baétidée, were the most important food
iﬁemsr Modde and Schﬁuibach (1977) examined Missouri River
_éﬁdvelncse collected throughéut the year and reported the
c%nuai diet was domlnated by Trichoptera (dragenfly) Diptera
_(chironomld), and Ephemeropt@za {(mayfly) immatures. They

found that changes in water discharge rates at Gavins Point
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Dam about 50 km upstream affected the availability and vul-
nerability of prey and suggested that seascnal feeding
patterns were related to changing discharge rates from the
main-stem reservoir. During October-January when discharges
were decreasing, shovelnose utilized drift organisms. During
this period 69% of the drift biomass consisted of caddis fly
larvae. 'Through the winter when discharges were consistently
low shovelnose preyved on a large variety of organisms, includ-
ing the three major food items and odonate naiads, crustaceans,
and terrestrial insects. During late spring and summer (May-
September) discharges from the dam were high and shovelnose
preyed on benthos, primarily chironomids. Shovelnose sturgeon
in the Mississippi River also utilize aquatic insect larvae
such as c¢addis fly larvae (Hoopes, 1960), dragonfly naiads
(Eddy and Surber, 1943), and mavfly naiads (Barnickol and
Starrett, 1951).

There is evidence that the shovelnose is an opportunist’
when‘the occasion arises., Both Held (1959) and Modde and
Schmulbach (1977) observed utilization of terrestrial insects,
and Held found a few stomachs containing large numbers of
microcrustaceans, particularily cladocerans, indicating that
these fish had apparently utilized zooplankton occasicnally.
During the present study I examined specimens'in early summer
and found a few stomachs full of isopods. Walburg et al.
(1971) reported that shovelnose at Gavins Point Dam tailwaters
‘about 50 km upstream of the study area also utilized isopods

(Ascellus) heavily, apparently due to their availability.
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The primary objective of this study was to provide
l'additional life history informaticn con the shovelnose
sturgeon. The shovelnose, earlier in this century, wés
an important commercial species in the Mississippi River
and it could regain much of its former importance if

sufficient information becomes available for its proper

I . .
management. Proper management is also a necessity to

maintain shovelnose populations despite continuing encroach-

ment by man on the large-river ecosystems vital to the
shovelnose. The present research, therefore, was designed
to furnish additional information on reproduction and meove-

ment of the shovelnose sturgeon.




. : METHODS AND MATERIALS

I. DESCRIPTION OF THE STUDY AREA

This study was conducted along 20 km of the Missouri
River bordering Clay County’'in southeastern South Dakota
(Flgure 1. | The study area is near the center of an 83‘km
segment of unchannellzed river between Yankton, South Dakota

“. and Ponca, %ebraéka The mﬁst downstream of six main stem

; Eg-%xsso&r1 Rlver reserJ01rs (Lew1s and Clark ILake behlnd Gavins
Point Dam) is at Yankton, about 47 km upstream of the study
area. From Pana dowmnstream to Sioux City, Towa (42 Em), the
Missoﬁri River_has stabilizeé banks, and from Sioux City to

.'St. Louis,-%igsouri, (1&82_km) it is channelized.

;F ” The study drea was arbitrarily divided into five sampling

‘zones with the upstream boundry about 0.8 km upstream of

Wildlife Landlng (R53w T92N, Sec. 18). The Wildlife Landing
“tjsampilng zone (Sectlon l Figure 1) extended éownstream to
ffBow Cr@ek and the nghllne Landlng zone ($ectlon 2) encompas§ed'
E;the river from Bow' Creek downstream to the tlp of Goat Island.
' ?he Goat Island zone (Sectlon 3} included the river on both
sides of the large. parmanent island at the center of the sﬁudy
 area. The Boat Club and Clay County Park Landlngs marked the

Upstream boundries of those two zones. Fishing success was

gsually better in the Wlellf@ Boat Club, and Clay County
'Park zones than in the other two, so the former zones were
used more heavily. Field work was conducted from mid-June

to early*ﬁcvember in 1968 and from mid-April to early




16

"SU0TI09S wﬁHHaEmm,wPHw 2U1 pur ‘seaxw smgma_ﬁmm SPUBTST
1BO0q JO SuoI3lev0] BUTMOYS ®BOIER ApnN3s I9aTy

viagy
HEVR
TIV.LIVD

(Wl 0sEL)

5 HGTLI33S

SHIONYT W¥YS
AINOOT RVIO

VIS VHEIN
HIATY THNOSSIW A
% NOLLDHS .

£ NOLLDES -

R

07y Ivog s T i
i ERLVERL

NOTTTIEA

- VIONYA HINOS

CGVOY dIeNIiL

_anidavl
INTTHOTH

,mwmamsmﬂ_ _
TANOSS T pozITouueyoun syl go de T sanfiy

FLOAY(
HLOOS

O T NOLIOas
Q. .d)-k- .

Qs 9rz1)
CBRL WH
. v

ONIGNVT
FITIETIM

- it




December in 1969. Field work continued in 1970 under a
separarte grant but results from 1970, except for recapture
data, were not used in this dissertation.

‘The ﬁnchannelized river berween Yankton and Sioux
City has an average width of 720 m and average flow velocity
of 5.5 km/hr (Morris et al., 1968). During 1977, Kallemeyn
and Novotny (i977) found widths in the unchannelized river
below Gavins Point Dam ranged between 300 and 1500 m, and
the stream gradient was approximately 0.2 m/km. Within the
study area, width between normal high water levels rarely
exceeded 1000 m and water more than 3 m deep was usually
limited to narrow channels 3 to 10 m wide, immediately
adjacent to each shore. An extensive series of sand bars
impeded boat traffic in the central part of the river in
most areas. The widest continuous expanse of open water
{700-1000 m) was at Wildlife Landing. Unlike other wide,
sections, the channel here was near the center of the river
with bar areas on each side. At Highline Landing, the

narrowest portion within the study area, the river was 300

to 400 m wide.

Water depth throughout the study area rarely exceeded
7 m and was generally less than 2 m. Large backwater areas
wirh marshes and shallow channels or chutes were present on
the Nebraska shore opposite Wildlife Landing and on the South
Dakota shore below Clay County Park (Figure 1). Main chutes
in the backwater areas were 0.5 to 1 m deep; marsh areas were

usually covered by 100 cm of water or less. Small backwater




18

areas were scattered along both shores. Backwater habitat
formed 167% of the total aquatic habitat within the unchannel-
ized river while the river proper (main channels and sand
bars) accounted for 81% (Morris et al., 1968). The ph?sical
and chemical limnoclogy has been described by Morris et al.

(1968) .

i

1

II. FIELD COLLECTING EQULPMENT

A variety of fishing gear was used in order to adequately
sample the various habitats and reduce problems assoclated
with gear selectivity; gear included gill nets, trammel nets,
set lines, one-nalf meter fry nets, a 220-volt AC electro-
shocker, a bag seine, and a 4.9 m otter trawl. During 1968
the more efficient gear, primarily gill nets, were heavily
utilized to catch adult shovelnose for tagging. Meore emphasis
was placed on locating young-of-the-vear and immature sturgeon
in 1969 and less efficient gear, such as the trawl andlelectroﬂ
shocker, were used more frequently than in 1968. Even with
this switch in emphasis, overall catch success per unit of
effort was better in 1969, This was due mainly to experience
with respect to where and when to set gill and trammel nets
and which mesh sizes to use.

Nylon gill nets were 91.4 m long by 1.8 m deep. In 1968,
three different mesh sizes were used (2.5 cm, 3.8 cm, and
6:4 cm bar measure), but each gill net had a single mesh size.
In 1969, experimental gill nets donated by the South Dakorta

Department of Game, Fish and Parks were used. Each net had




six panels, and each panel was 15.2 m long; mesh sizes ranged
Ilhwﬁil.9 em to 6.4 cm (all mesh sizes are expressed as bar
measure) . In addition, a gill net with two 45.7 m long
panels of 2.5 and 3.8 cm mesh was used in 1969. It was véry
difficult to maintain the condition of the nets since they
were frequently snagged or sanded in. To compensate for this,
records were kept when sections were torn and the recorded
length of the net was decreased accordingly. Nylon trammél
nets were also 91.4 m by 1.8 m, with an inner mesh of 5.1 cm
and outer walls of 35.6 cm. Trammel nets were used only
pericdically because they were difficult to clean and less
efficient for shovelnose than gill nets. Gill and trammel
nets were set pa;ailel with the current and anchored with

. cement blocks, ‘when set in open channel areas, or a metal

stake driven into the sand bar, when set in a hele downstream
of a bar. Data obtained with each set included date, location,

depth, duration of set, water temperature, type of net (in-

cluding mesh size), and weather condition. Gill and trammel
net catches were expressed on a catch-per-unit-efforc (CPUE)

basis. Since the average gill net set was about 20 hours, one

unit of effort was defined as 91.4 m of net fished 20 hours.

Set lines were used for a short period in 1968 to sample

deep fast-water areas inaccessable to the other gear. Each

set line included 25 to S0 hooks at 30 to 60 cm intervals
along the main line. These caught channel catfish more
frequently than sturgeon. Considerable time was reeded tO

I!mncure bait and bait the hooks so use of this gear was
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discontinued after a short trial period.

. A 220-volt AC boat-mounted boom shocker was used to
sample backwater channels in marsh areas, shallow sand bar
areas in the river proper, and margins of the main channel.
Electrofishing with uninterrurted AC current was generally
conducted between sunset and midnight. The 4.9 m semi-
ballon otter trawl was constructed from 3.8 cm mesh with a
0.6 cm mesh cod-end liner. Trawling was confined to back-
water channels and main river channels. The trawl was
pulled upstream, into the current, to keep the net open
and maintain control in the fast current. A 9.1 by 1.8 m
nylon bag seine, with a 0.6 ¢m mesh bag, was used to sample
shoreline and backwater areas. Areas suitable for seining

iwere limited since the shoreline usually dropped abruptly

and backwater areas contained dense stands of catctails.

This net consistently captured cyprinids and smaller indiwvid-
uals of some 20 different species, but no sturgeon.

During the 1968 field season, Namminga (1969) sampled
macroscopic drift within the study area. Since his sampling

techniques were suitable for collecting fish fry I analyzed

his samples to monitoer fish larvae. 1In 1969 I used the same
gear and sampling technique, exclusively for fish fry.
Namminga (1969) described the 0.5 m fry nets, the technique,
and the locations sampled in 1968. Since no sturgeon fry.
were collected in the 110 surface and mid-water samples
taken during August and September 1968, fry nets were used

only intermittently during July and August in 1969. Sampling
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.dates and locations were selected so that areas which could
porentially contain young sturgeon were sampled with drift
nets while other gear was being used in the same area to

collect mature Sturgeon.
T1I. FIELD AND LABORATORY METHODS

Fish were}placed in live tanks as they were removed from
the nets. Live tanks consisted of 95 liter rectangular poly-
ethylene containers (Regal Plastics, Model RT-31-20) fitted
with overflow drains. River water was pumped into the tanks

£ -

by a 12-volc DC submersible pump, mounted off the side of the

hoat. The two tanks, with lids on, also served as tables for

tageging operations and as containers for transporting fish.

Fish other than shovelnese were identified, counted and re-
rurned to the river after each net was fished. Recaptured
shovelnose with secure tags were also released immediately
aftér they were measured and weighed. Tagging was frequently
conducted after each net was fished, or after all nets were
fished if catches were small. However, if the weather was

unsuitable for tagging or catches were very large, some or

all sturgeon were transferred to a live box in the river or

to the lab at Vermillion, South Dakota. 1In this case, shovel-
nose were usually tagged and released within a 24 hour period.
Total and fork lengths to the nearest millimeter, weight

to tiie nearest quarter ounce (7 grams), general physical

.condition, tag number and type, date and location of capture,
and date and locarion of release were recorded for each tagged

fish. Since the sexes are similar, sex was determined only
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for ripe males or gravid females. Fork length was considered
as the distance from the tip of the snout to the posterior

end of the shortest rayvs of the caudal fin, and was the prin-
cipal length used for this study. Total length was measured
from the tip of the snout to the end of the dorsal lobe of the
caudal fin, excluding the caudal filament. Weights in the
field were taken with a 1500 g capacity spring scale fitted
with a scoop. This was suspended in front of the operator at
eve level during use. Weights in the lab were taken with a
10.9 kg capacity Tolédo commercial scale,

Shovelncse were tagged with monel metal strap tags
(Naﬁional Band and Tag Co., Newport, Kt.; size 1, 3, br 4) or
plastic dart tags (Floy Model FT-6). During most of.l968,
size 4 monel bands were clamped over the posterior edge of the
operculum. Control fish tagged in this manner were hzld for
three months in lab heolding tanks and then released because
tags were firmly in place and the sturgeon exhibited normal
behavior. However, during October and November 1968 several
recaptured shovelnose exhibited considerable tissue erosion
around the tags and a few had obviously sloughed the tag.

In October, T switched to plastic dart tags or size 1 monel
tags. Time consuming precautions were necessary Lo get the
small monel tags to crimp correctly over the opercle and they
were difficult to gee, so less than 100 shovelnocse were tagged
with size 1 bands.

After considerable experimentation, plastic dart tags

were inserted by hand through a small incision made at the
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.lateral trailing edge of one of the overlapping dorsal scures,

about midway between the head and the dorsal fin. The barb

was pushad between overlapping scutes into the epaxial muscles

and then twisted so the barb would hook on the anterior edge

of a scute. To reduce infection, scalpel and tags were

sosked in a 2% Lysol solution prior to use. Plastic dart tags

were used in the fall of 1968 and throughout spring and sumrer

1969 . In summer 1969, however, some tags could be easily

removed from recaptured shovelnose, suggesting that many tags

did not remain hooked over the anterior edge of the scute.

Then in October 1969, shovelnose which had lost the dart tag

appeared among the recaptures.

In October 1969, I tried monel strap tags again, but

. this time clamped size 3 tags over the anterior margin of the

pectoral fin about 1 cm from the juncture of the fin with the

body. This technique required less time than tagging with

dart tags or monel bands on the opercle, and produced a small-

er wound. The pectoral fin tag was used throughout the rest

of the study and proved to be the most enduring tag. Some of

these tags remained on sturgeon for more than eight years.

Tagged fish were usually released in the vicinity where

captured, or at the boat landing nearest the point of capture.

Some, however, were transported to
homing tendencies. Correspondence
offizals, conversations with local
.articles alerted the public zo the

reported by fishermen were limited

other areas to check on
with state Fish and.Game
fishermen, and newspaper
tagging study. Recaptuxres

but this was expected since
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.shovelnose were taken only incidentally by sport fishermen.
Most recaptures were cobtained by University of South Dakota
nersonnel during normal field operations.

All shovelnose transferred to the lab were placed in out-
door holding tanks containing aerated tap water. The redwood
or galvanized metal tanks had capacities ranging from 870 to
2,000 liters. ﬁery few problems were encountered in holding
shovelnose; they were hardy and withstood handling and temper-
ature differentials very well. Some experimental fish were
held for three months without feeding with no difficulty.

Subsamples of the catcﬁ, usually 25 to 50 shovelnose per
month, were sacrificed for information on morphology and.
reproduction. These were selected randomly on an unscheduled
basis dependingéon catch success. The total catch for the day
or random samples were usually taken until the monthly quota
was met. Unusually large and small shovelnose and those
exhibiting injuries or abnormal morphology were frequently =

included. Shovelnose in good condition were sometimes held

for a few days before being sacrificed, but injured or dead

fish were processed immediately.

FEarlier cbservations indicated that the length of the

caudal filament was quite variable so, as previously noted,

it was excluded from the total length. When the subsampled
sturgeon were processed, caudal filament lengrth was recorded

separétely, to the nearest millimeter, along with standard,

'rk and total lengths. Standard length and scute counts

were made as suggested by Bailey and Cross (1954). Weight




was taken on a Toledo scale to the nearest gquarter ounce.

(7 grams) and converted to grams. The length of the inﬁex
and outer barbels, to the_nearest millimeter, was the distance
from the posterior edge of their bases to the apex. Snout

0or rostrum meésurements were taken with a caliper to the
nearest 0.01 ml. Snout length was takeh as the distance

from the tlp of the snout, alomg'the midline, to thé anterior:
aca*tllaglneus edge of the buccai depre381on Snout width was
‘taken along the plane of. vreatest wxdth The marginal ray of
:tha left pectoral fin was removed and placed in a-numbered
coin envelope and saved for future age and growth studies.
Some stémachsJ including the esophageal portion (Held, 1969),
‘were also removed and preserved in 10% formalin for future
research.

Zntefnal organs were exposed by making a mid-ventral
iﬁcision from the anus forward through the pectorai girdle.
TSex and matuxlty, determlned by vxsual examination, were
,récoréed a¢cord1ng to Zwelacker s (196?) éescrlptlons. Both

gonads were removed and welghed tc the neaxest 8 01 g on an'

iOhaus Dlal G Gram (Mbdel 310) baiance prlor te flxatien

7in 1968, gonads were fixed and stored in 10% bufferred formaw
1in while in 1969 they we;e fixed 1n'cold Bouin's solution

iéﬁﬁ later tramnsferred to 70% ethanol for storage . Gonads
“from all sturgeon processed.during 1968 and 1969 were

.retalned and in spriﬁg 1970'étages of méturity were reassigned

based on hlstologlcal studies and original sex deSLgﬂatlons

‘were checked.




One or three segmentcs were taken from each gonad for
emhbedding. Single segments were removed from the middle of
the gonad, but when three segments were removaed they came
from the anterior, posterior, and middle regions. The gonad
material was dehydrated using 70%, 90%, and absolute ethanol
(formalin preserved tissue was first rinsed in cold tap water
and then dehydrated in 30 and 50% ethanol).and cleared in
xylene or benzene. Paraffin embedding was conducted under
nartial wvacuumn. Seyial sections, both cross and transverse,
were cut at 8-10 u and stained with Delafield's hemotoxylin
and eosin or Mallory's triple stain. Larger mature ova were
difficult to section and good serial series were rarely
obrained. A Russian technigue for dehydrating and embedding
mature ova, discovered after the present histoleogical studies
were completed, 1is recommended for future work (Lemanova and
Nusenbaum, 1968).

The diameter of spermatocytles, cogonia, nuclel, etc. and
the thickness of egg membranes were measured from material
fiyxed in Bouin's and stained with haematoxylin and eosin,
using a calibrated micrometer eyepiece. Measurements of
oocytes and egg membranes were taken from the largest section
of that particular structure in the series. When the oocyte
or nucleus was oval in outline the diameter recorded was the
average of the shortest and longest diameters. All photomi-
crographs were taken with a Bausch and Lomb Dynazoom Photo-
binccular microscope.

Diameters of oocytes were aiwo determined from whole
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odcyﬁes teased from preserved ovaries. Eggs were removed
from a 3mél§ section of the ovary and placed in a petyi dish,
then measurements were made with a micrometer eyepiéae mount -
ed in a binocular dissecting microscope. Prior to measuring,
the oocytes were scanned under low power and 5 to 10 of the
largest oocytes from each ovary were selected because the
-_obgectlve in-this.case was to determine the size of. the
’largest eggs in each reproductive stage

_": Seasonal varlation 1n gonad saze was estimated by calcu-
lating the gonosomatlc index (GSI gonad weight X lOﬁfboéy

:weight).

Abundance of shovelnose sturgeon at different sampling

' llccatlons and between seasons was compared by quantlfying

:glll net catches on tbe b351s of equal effort. Catchmperu
unit-effort (CPUE) for gill nets was defined as the number
of fish coilécted in 91.4 m (300 ft) of net set for 20 hours
:(average duratlon Gf all sets was ahout 20 hours) .
| An 1mportant aspect Gf growth is the relatlonghip
between iength ané welght ' If form and Sp&lelC grav1ty re«:
.maln constanb, thls ralatlonshlp may be expresseé by the |
! equation (Ricker, 1958):
| w—alh - _
‘where: W is weight in grams
: L is fork length in centimeters
o and g are empirically derived constants

A.regfessidn analysis was performed on the logarithms of the
:f 1engthS and weights to estimate the parameters o and[?,‘and

. 1llustrate similarities between sexes, reproductive stages,
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. and seasons, with respect to length-weight relaticnships.
Length-weight regressions were also used to compare shovel-
nose sturgeon from the Misscuri, Mississippi, and Ohio rivers.
The relative well-being or plumpness of shovelnose sturgeon

collected during different seascons or from different locali-

ties was compared by calculating the condition factor using

the formula (Lagler, 1956): ;é

= 3 3
KFL =W X107 / L

A preliminary estcimate of the number of shovelnose 4
sturgeon within rthe study area was obtained from tagging and 1l

recapture data, using the formula:
P=2m(u+1) /2«

where P is the populaticon estimate
m is the number of marked fish in the
‘population |
r is the number of marked fish recaptured N

from the population iy
u is the number of unmarked fish collecred R 5
along with the marked fish i

A Monroe Epic 3000 desk calculator and IBM 1120 computer

were used for most computations and programs for CPUE,
length-weight relationships, and condition factcrs were

written by the author.




RESULTS AND DISCUSSION

I. DESCRIPTION OF MISSOURI RIVER SHOVELNOSE STURCEON

Between June 1968 and December 1969 over 4800 shovelnose
sturgeon were captured by gill and trammel netting, trawling,
trot lining, and electrofishing. Stationary gill and trammel
nets were more effective than other capture techniques and
were used extensively. Shovelnose numerically accounted for
67% of the fish captured in gill and trammel nets and some
samples contained only sturgeon, especially when nets were
set in pools just downstream of sand bars adjacent to the
main channel (Table 1). Goldeve, sauger, redhorse, channel
catfish, and carpsuckers were the species most frequently
captured with sturgeon. Only one pallid sturgeon and one
paddlefish weare caught during the study, primarily because my
nets were not suitable for catching these large fish. Pallid
sturgeon are far less abundant than shovelnose in the Missouri
River (Bailey and Cross, 1954) while paddlefish are considered
relatively abundant in the unchannelized Missouri River
(Rosen, 1976). Channel catfish and blue suckers were common
associates of shovelnose in mid-channel areas and.pools
adjacent to the channel, while carp, smallmouth and largemouth
buffalo, shortnose gar, and gizzard shad were abundant in nets
set in backwater areas. Schmulbach et ai. (1975) and
Kallemeyn and Novotny (1977) have described the relative

abundance of fishes within diffe..nt habitat types of both
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Classification, number, and percent composition of
fish collected in 184 glll net and 38 trammel net
samples from an unchannelized section of the
Missouri River, southeastern South Dakota, June
1968-December 1969. Most samples were collected
from the main channel or behind sand bars adjacent
to the main channel.

. ’I‘able. 1.

% Number ‘Percent
Scien;ific Name Common Name Caught Composition
ACIPENSERIDAE STURGEON _ :
Scaphirhynchus plat&rynchus Shovelnose sturgeon L801 67.3
_ Scaphxrhynchus albus : Pallid sturgeon 1 <0.1
- POLYODONTIDAE - PADDLEFISH
?olyodon spathula . Paddlefish H <0.1
LEPTSOSTEIDAE - GAR - -
Lepisosteus osseus’ ». Longnose gar 17 0.2
Lepzscsaeus plato:uamus . .Shortnose gar 87 1.4
' CLUPEIDAE HERRING 4 :
© o Alosa chrvsochiorls ' Skipjack herring 4 <Q.1
Dotosoma cepedianum Gizzard shad 34 0.5
. HIODONTIDAE MOONEYE’ :
T Hlodsn aiosoldas _ Goldeye 1064 14.9
ESOC:DAE PIKE
o Esox lucius %Grthern pike 25 0.4
| CYPRINIDAE- MIENOWS
' Cyprinus carpio Carp 45 0.6
- Hybopsis.spp. Chubs 5 <0.1
. CATOSTGMIDAE SUCKERS
E Carpiodes spp. Carpsuckers 218 3.1
CGyeieptus. glongatus, ~Blue sucker 141 2.0
LFctiobus bubalus . Smalimauth buffale 23 0.3
S Igtiobug éyprinellus . Bigmouth buffalo 2% - 0.3
ﬁiMaxoszqma_sppﬁ,;“ ' Redhorse : _ 171 2.4
zc&éivazbﬁz*ﬁ'f?'f7“' FRESHUATER CATFISH L
' Tetalurus. furcatus * Blue catfish 1 <0.1
" Tctalurus nebulosus .- L Brown buliheaé 3 <0.1
Ictalurus punctatus’ Chiannel darfish 163 2.3
. PERCICHTHYIDAE TEMPERATE. BASS
Morone chrysops White bass 3 <0.1
CENTRARCHIDAE - SUNFISH
Lepomis macrochirus Bluegill 1 <0.1
. Pomoxis annularis _White crappie 2 <0.1
-Pomoxls nigromaculatus Black crappie I3 <0,1
© PERCIDAE & PERCH
‘Perca flavescens Yellow perch 3 <0.1
Stizostedion canadense Satger 274 1,8
: Stxznstedxon vitreum Walieve 22 0.3
"SCIAEN;DAx DRUM
; Aplodinotus grunniens Freshwater drum 3 <0.1
 TOTAL. 7136 100 %
*. - . o . ' :
~Common names according to American Fisheries Soclety {Bailey et al., 1970},




unchannelized and channelized sections of the Misgouri River.

A. SPATIAL AND SEASONAL DISTRIBUTION

The study area included alﬁariaty of habitats ranging
fro%‘deep channels with velocities exéeeding lm/sec to shal-~-
low standing water in cattail marshes. The méin channel
usual}y coursed along one or both sides of the river flood
plamn and the central portlon was festooned with exposed
.sand bars and sand flats covered w1th 10-150 cm of water.
iSand bars were common wherever the channel curved ané the
morphometry of pools below_sand bars frequently changed as
sand bars shifted with changing discharge rates. Small side
'_c&annels were Common in areaé separated from the main channel
.by sand bars-and_smaii:iéianés,‘aﬁd 2-6 m wide chutes pene-
trated gach céttail marsh, Habitat types have beén described
'iﬁ more detail by Kallemeyn and Novotny (1977).
| Censlderable time was spent sampizng dlverse habltats
'for éturgeon Shoveinose were. never taken from shallow
IQulet water habltats by salnlng or electrofishxng, én&;'
'traw11ng lr chuzes wi '?.ﬁ_ééréﬁés-an also uﬁDerLQI*Vé.

:The only sturveen cauvhtlﬂﬂ a marsh area was collected by
eiectrorishlng in an open-wdter chute ‘about 1 km downstream
 0£ Clay Ccunty-Park Landlng'(rlgure ). Coker (1930) noted
:that when a shavelmosa W s.captured in a Mississippi River
slough near Keoku& Iowa, it géneraﬁéd excitement because
:sturgeon normally were caught only in the main river. Based
ron electroshocklng catches durln . the present study, shovel-

nose are also rare in tbe broad, shallow sand flats that
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covered a large portibn of the lower Boat Club and Clay
!P County Park sampling sections,
| Trawling in the main channel was restriéted to areas
T'whére current was slow enough to permit an effective tow
speed'(trawés were pulled upstream so gear could be drifted
back off snags). During August and September 1969 when most
Lﬂ_trawllng was done, only.eight shovelnose were caught in 30
; Ttrawl samples Deep (> 6 m) main channel areas with fast

'*ﬁaurrent velocltzes were never sampied effectively WLth a

ﬂ;;tfawlx A few gzil nets were set parallel with the current
:'iﬁ'deep fast water where large snags were available for
anchoring the net, but thése sets éontained few fish of any
species. The rapm& currenL (mean veloclty 1.5 m/sec; Morris
et al., 1968) probably reduced the efficiency of the net.
Trot lines bal;ed wzth,worms were tried in July 1963 and
.fzve sets (20 to 438 hooks per set) caught three shovelnose.

}3Trot lines, hawever were abandoneé becduse of the time

;fequlred to seeure balt ané set’ tﬁ@ llnes, ané the catch was
mostly channel catflsh .

R Glll and trammei néts éei.xn.poals benlné sand bars

and in relatlvely deep openwwater areas adjacent to the main
channel, were by far the most productive. Shovelnose were
E-Im<>st: abundant in pools 1.8 éo a;6”m’deep and catches usually
decreased ﬁs water depth énd Veiocity incréased. Pools.
behind sand bars were usually shalléw (< 1.5 m) for 3 to 9 m
downstream of the bar but then deepened rapidly to 3 m or

more. Catch per unit effort (CPUE) for nets with the upstream
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{shallow) end in 0-3 m of water and the downstream (deep)'end

at 1.8-4.6 m ranged between 18.1 and 19.8 (Table 2). - Nets

set in shallow water (< 1.8 m) and deep sets (upstreanm end of

net at 3.3-4.6 m and downstream end at more than 6 m) caught

very few sturgeon. Shovelnose apparently prefer intermediate

currents found in pools or open water areas adjacent to the

main channel. Kallemeyn and Novotmy (1977) reported a mean

current velocity of 0.5 m/sec for sand-bar vpools and veloci-
ties between 0.3 and 1.2 m/sec in main channel border habi-
tats. Barnickol and Starrett (1951) used trammel nets in the ‘;
Mississippi River and indicated that shovelnose sturgeon were |
most common over a sand or gravel bottom in the presence of
some current. Mississippi River commercial fishermen fish
dam tailwaters heavily for sturgeon but also use stationary
or drifting trammel-net sets in the main channel and adjacent

habitats (Helms, 1972).

The mean CPUE for the Missouri River study area was 18.4 |
sturgeon per set (Table 3). The Vermillion Beat Club section
had the highest mean CPUE (23.5) while the Highline Landing

section had the lowest {(13.6). One of the most reliable

fishing locations within the study area, a pool behind a | :
stable sand bar just downstream of Goat Island, was féund in
the Boat Club section and was fished whenever this section
was sampled. Less frequent sampling of this section during

August and September when sturgeon catches were small through-

out the study area also concributed to the high mean CPUE for

this secticn. The Hlighline Landing section was narrow
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Catch per unit effort (CPUE) of shovelnose
sturgeon as a tunction of water depth in the
unchannelized Missouri River, Scuth Dakota,
June 1968-December 1969.

Average
Water Total Sample
Bepth. Number Number Duration .
(m) Samples  Sturgeon (h) CPUE™
Shallow end of net 0 -1.5 154 2452 20.7 18.1
1.8-3.0 125 2173 20.2 19.3
3.3-4.6 5 2 20 .4 0.6
Total 284 4629 20.5 18.4
Deep end of net 0 -1.5 16 31 18,1 3.5
1.8-3.0 199 3423 1.9 19.8
3.3-4.6 58 1080 22.38 19.1
4.9-6.0 7 85 21.9 14,2
>6.0 4 10 21.0 2.2
Totcal 284 4629 20.5 18.4

“CPUE =
20 h.

number of sturgeon caught in 91.4 m (300 ft) of net set for

Table 3.

Catch per unit effort (CPUE) of shovelnose
sturgeon captured by gill nets at five sam-
pling sections in the unchannelized Missouri
River, June 1968&-December 1969.

Average
Total Sample
Number Number Duration .
Sampling Zone Samples Sturgeon {h) CPUE"
Wildlife landing 94 1503 19.7 18.6
‘Highline landing 12 121 19.8 13.6
S Goat Island 20 382 23.6 19.9
Vermillion Boat Club 57 1287 22.0 23.5
‘Clay County Park Landing 101 1336 19.8 15.4
%‘.ﬂfoz:al 284 4629 20.5 18.4
" *CPUE = number of sturgeon caught in 91.4 m of net set for 20 h
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(300~&GO m) and the relatively deep (5-8 m) méin channel

occupied most of the flood plain. Very few sand bars and

associated pools were present.

The Wildlife and Clay County Park sections coaﬁained

the greatest variety of habitats. Sand Sar pools and chan-

nel border areas suitable for gill net#ing were abundant, but

many sand bars were unstable. Since the habitats were diverse
“and often\transitory,‘mqre_exploratory fiéhing occurred in
f these_two secﬁioﬁs! -Thisrprdﬁably contributed to the smal&er
Lwéverage catches for-theée.two_sections‘iﬁ compariéon to the
Boat Club and Goat Island sections (Table 3). The smaller

CPUE at Clay County Park in comparison with Wildlife Landing

_may;have been a sampling artifact resulting from proportion-
ally heavier sampling at. Clay County Park during August and
Séptember 1968, when few sturgeon were captured anywhere in

the study area.

Shevelnose sturgeon were realey captured by 011} nets

:durlng Aprll thraugh June and agaln durlng October through

eérly December (Taﬁle 4) ; Wlnfer weather ice caver -and

lbw water ieveis precluded samallng du21ng ‘the winter. Shov—
relnose.catches were high from Aprll through June, then de-
:ciined markedly in July. Very few sturgeon.were captured
during:ﬁugust and.September. Decreééing catches were appar-
.Hently feiaaed ro increasing water temperatures. During both
1968 and 1969 water temperatures peaked at 249C during the
third week in July, remained above QOOC through August, and

“gradually decreased to‘approximaiely'lé?c by the end of
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Table 4. Catch per unit effort (CPUE) of shovelnose stur-
' geon captured by gill nets during seven sampling
periods, from the unchannelized Missouri River,
South Dakota, June 1968-December 1969.

Average
Total Sample
Number Number Duration -

Sampling Period Samples Sturgeon (h) CPUE
April-May 21 422 23.9 20.1
June - 38 816 18.5  27.2
July Y 14.6 13.2
CAugist Cagt 193 19.5" 6.2
September 33 218 21.9 6.1
' October 53 1126 23,7 23.3
November-December _48 - 1432 22.9 29.8
Total 284 4629 20.5 18.4

"CPUE = number of sturgeon caught in 91.4 m of net set for
20 h. L

:Séptember (Flgure 2) During early October water tempeiaw
.&ures began decreasmng rapldly and sturgeon catches 1ncreased.
'Chl Square analys;s lndzcated that somethlng Other than
chance caused dlfferences in the CPUE among months (X =30.52,
'df 6).

Increased movement duriﬁg the spring spawning season
 pfobab1y contributed to.hlgh-June catches. Mid-June samples
duréng both years gontainéd anrunuSuaily large percentage of
'ﬁéle shovelnése. This_probably indicated that spawning ac-
. tiVity had COmmencéd; because Cuerrier (1966) and Helms (1972)

observed a prédominance of male sturgeon in catches just
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prior to and during the spawning season. High catches dur-
ing the fall (October and November) were probably related to
cooling water temperatures when sturgeon began concentrating
in pools behind sand bars. Studies of seasonal movement pat-
terns for several fish species have revealed distinct spring
and fall peaks in movement similar to that observed for shov-
elnose. For example, Holt et al. (1977) féund that mean
'daily.movemenﬁs of'waileye in'Lake Bemidji were longest in
 spr1ng and fall and shortest in summer. They attributed
these act1v1ty changes to water temperatura and food availa-
bility. Largemouth and smallmouth bass, white sucker, and
northern pike élso exhibit sptigg_and fall movement peaks
(Cleary and Greenbank, 1954; Wéfﬁén and Lorio, 1975).

Euring late November and éafiy December, when water tem-
peratures declined below 4°¢, shovelnose were concentrated in
pools behind sand baré and apparently exhibited little move-
_ ment Glll nets were lifted slowly and carezully becduse
._many shovelnose were caughu oniy by one or two splny prOJec;
’ﬁlOns on the scutes or rostrum and were not "gilled" as
they normally were in sprlng and fail | |

Exploratory fishing during July, August, and September
failed to 1ocaﬁe'any concentration of sturgeon, Tiawling,
. electrofishing, and seining along shorelines, within marshes
(in chutes), and on shallow sand flats during these months
- was unproductivél Low August and September catches may re-
sUéi'from sturgeon moving into deep regions of the mainrchanw

nel in search of food or preferred temperatures. I was,
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however, unable to effectively sample deeper sections of the
main channel because of the abundant snags, fast current,
and uneven bottom contours. Shovelnose in the Mississippi
River are also seasonally scarce during mid-summer. Commer-
cial fishing activity is highest during the May-June
spawning season in dam tailwater areas bordering Iowa, then
 ¢atches decline until late-summer (Halms 1972). -The liter-
:.ature Harkness and Bymond (1961) reviewed suggested that
1ake sturgeon move lnto deap water during the summer .

Variatlons in dlscharge rates’ from Gavins Poxnt Dam may

also influence seasonal movements of shovelnose sturgeon.
During.l969 discharge rates increased rapidly in late July
‘and remained hlgh through August ané September (Flgure 2),
ﬁéxhlbltlng a negative ralatlonshlp wmth gill net C?UE |
(Table 4)., Modde and Schmulbach (1977) also observed high
summe r discharge rates dufing 1971-72 and suggested that the
fnlncreased v91001ty of the water mass may reduce accessxblllty
Ebf food ltems Perhaps 1ow summer catches were related to
*dlspersal of sturneon durxng thxs perlod when shovelnese are
ifeedlng prlmarliy on b@nthlc organlsms Durlng 1968, dlS“-'
charge rates from Gavins Point Dam were fairly uniform
through the year. Although éummer catches of sturgeon were
low in 1968, there was not as much difference‘between spring

and summer catéh rates in 1968 as there was'in 1969.
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B. LENGTH, WEIGHT, AND EXTERNAL MORPHOLOGY

Missouri River shovelnose sturgeon fell within a narrow
range of lengths and weights (Figures 3 and 4). In 1969,
fork lenmgths for 132 males ranged from 37.2 to 58.3 cm
(E = 45.9 cm) while the range for 126 females was 40.8 to
60.2 cm (X = 51.2 cm). Weights ranged between 149 and 822 g
for males (X = 436.3 g) and between 220 and 1021 g for fe-
males (X = 474.9). The larger mean length and weight of
females could be due to a faster growth rate than males, but
for other species of sturgeon most authors believe females
are larger, on the average, because females live longer and
thus grow bigger than males. Most studies have detected no
significant growth rate differences between sexes in lake
sturgeon or other North American species of sturgeon (Probst
and Cooper, 1955; Magnin, 1962; Haugen, 1969) . Conversely,
Sunde (1959) found that female lake sturgeon in the
Saskatchewan River Delta grew faster than males after age 20,
about the age when females attain sexuval maturity. A longex
life span for females, however, 1is comuon for sturgeon.
Harkness and Dymond (1961) reviewed the literature on this,
citing several dramatic examples. In Lake Winnebago, Probst
and Cooper (1955) found more lake sturgeon males than females
in all total lengrth classes up to 49 inches (approx. 20 years
01d) but more females than males as length increased beyond
this. TFemales comprised 95.8% of the lake sturgeon between
152 and 200 cm. In three other lakes in the same area, fe-

males accounted for about 507 of the catch up to 150 cm
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tazal length, but 95% of %he sturgeon larger than 150 cm.

In the 1969 processed subsample (Figures 3 and 4), 76.8%
of the shovelnose had fork lengths within a 6 cm range (47-
53 cm) and 71.4% fell into a 200 g weight range (300-499 g).
Since subsampling was not entirely random, this narrow size
fange might imply a biased sample. A few sturgeén were se- -
lected rather than randomly drawn for processing because of
net_damage, unusuai size {bbth léfge and.sﬁall), or externai
abﬁormaiities 'However' when the size distributions of the
1909 Subsample were. compared wmth 1ength and weight frequen-
c1es for all shovelnose captured in 1968 the distributions
were similar (Table 3). In 1968, 74.5% of the shovelnose
were witﬁin the 47 to 53 cm férk.length range and 75.47%
weighed between 300 and 499 g. If the ranges- are increased
to 10 cm (47-57 cm) and 400 g (300-699 g) from 92 to 96% of
the shovelnose were included. Only two shovelnose less than
&G cm were taken durlng tHe two jears of fleld work These
were both lmmature malés "35.4. amd 37 2. cm fork length
welgh;ng 191 and 148 g,.xespeﬁtzvely | Of 563 shoveln@se.
processed 1n 1968 and 1969 there were oniy flVE shovelnose
less than 44 cm. Large ShOVélﬂOSQ were also poorly repre-
“sented in 1968 and 1969 subsamples, with only six longer than
;60 cm. The largest shovelnose taken during this study was a
”giant compared to the rest. Surprisingly this was a male,
i?S cm fork length weighing 1786 g. The next largest fish
‘was a female which weighed 1304 g and was 65 cm long.

__This uﬁuspally narrow size range suggested gear




4

Table 5. Comparison of length and weight frequencies for the i
total catch of shovelnose sturgeon collected during g
1968 with a subsample of the 1969 catch from the i
Missouri River, South Dakota. Numbers of fish are r
expressed as a percentage of the total in that 4
group. 1
_ Percent Percent
Fork Length . Distribution Weight Distribution
Class 1968 1969 Class 1968 1969 :
(mm) (N=1554)  (N=258) (g) (N=1554)  (N=258)
<449 0.6 1.9 100-199 0 0.4
450-469 4.7 2.8 200-299 2.6 i
470-489 20.9 19.8 300-399 30.56 21.8
490-509 31,1 33.4 400-499 448 49.6
510-529 22.5 23.96 500-59% 16.9 19.7 _
530-549 12.5 12.8 600-699 3.7 3.9 :
550-569 4.8 4.2 700-799 0.9 1.1
570-589 1.7 1.1 800-899 0 0.4
590-609 0.7 0.4 900-999 0.3 0
2610 0.5 G 21000 0 0.4 :

selectivity, or the possibility that small immature and

larger mature sturgeon were distributed in habitats not sam-
pled adequately during this study (e.g., tributary streams).
However, a limited size range was anticipated because of
previous research on shovelnose in the unchannelized Missouri

River (Zweiacker, 1967), so a variety of gear was used to

reduce selectivity and considerable effort was expended
searching for large and small sturgeon. Moreover, the
numerous spiny projecticns on the scutes and rostrum of stur-

geon make them susceptible to gill and trammel nets and

reduces the size selectivity of these gear (Cuerrier and

Roussow, 1951).




0f the seven types of gear used, the gill and trammel

nets were most efficient. Mesh sizes ranged from 1.9 to 6.4

em bar measure and shovelnose beyond the size range of those

captured are susceptible to these mesh sizes. The mean total

length of shovelnose taken from the Mississippi River with

1.8 cm trammel nets was 64.8 cm (Starrett and Rarnickel,

1955). More lmportantly, the size range was 21 to 79 cm. In

;cOntrast the mean total length of shovelnose from 3.8 cm

*glll nets used durlng thxs study was 52.7 cm. A 5.1 cm bar

fmesh trammel net used by Starrett and Barnlckol (1955)

yielded a higher average_;ength (68.1 cm) but did not in-

_crease the size range. The average total length of Missouri

River shovelnose from the same gear (5.1 cm trammel net) was

Sg}szcml( Gill nets with 6.4 cm mesh used during this . study

captured shovelnose sturgeon with mean total length of 53.6

~em, less than 1 cm longer than the mean length in 3.8 cm mesh

glll nets Uhlle the mean total length indicated that 6.4 cm

glll nets dld not catch apprec;ably 1arger shovelnase.than

a substantlaliy lawer CaCCh rate ‘for the 6.4 cm

3.8 cm

3 8 cm nets

nets (CPUE of 2.6 for tne 6.4 cm nets Vs 21.9_for the_

nets) indicated that-tbe 6.é-cm mesh was too large to effec-

tively'sample the Missouri River shovelnose population. Up-~

stream of the study area, experimental gill nets with panels

_rang;ng from 1.9 to 8.9 cm bar mesh were fzshed in the tail-

waters of Gavins Point Dam by the U. S. Fish and Wwildlife

Service frcm_?ebxuary_l?éS through January 1969 (Walburg et

:élf,_lQTE};.-The shovelnose sturgeon was eight 'in relative
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abundance among 29 species caught and the 1argesc.was 72 cm
in total length. Although the mean total length from their
catches was 59.1 cm,* they included the caudal filament in
the total length measurement and this could inflate their
éverage length by 3 cm or more. Collective evidence indi-
cates that the ﬁesh sizes used dur@ng the present study were
adequate for collecting_sturgéon_ovgr a wider size range thén
éépérentiy cdcurs in the Missouri.Riyer. Certainly, compara-
ble gear captures 1arger shovélnose in the Mississippi River.
The characterlstlcs bf’ﬁﬁé'reﬁaiﬁiﬁg gear used iﬁ:this
}study were more suitable for @apﬁuring smaller shovelnose
:thén gill and trammel nets. However, none of the shovelnose
itakén'by other-gear with the exceptzon of one fry captured

*1n a 0.5 m plankton net, were-smaller or larger than those

;}:baptured in gill and trammel nets. In conclusion, length and

~ ‘weight frequency distributions ‘presented in Figures 3 and 4

?énd Table: S are presumably represenﬁatlve of the shoveinose

;population ine thls sectlon of the Missourl Rlver

: The cwo specxes of Scaphlrhynchus Lhe shovelnose and

ifpallld sturgean have a slender fliament extendlno from the
 ;upper lobe of the caudal fin, Balley and Cross (1954) in-
;féiuded the filament in caudal fin measu%ements'but indicated
ghéﬁat it was commonly broken. Barnickol and Starrett (1951)
f eg¢1uded it from their total length measurements. Filament

E,léﬁgth wasg extremely variable for shovelnose captured during

.!; : Langth data supplied by Mr.. Gerald L. Kaiser, North
entral Reservoir Investigations. U. S. Fish and Wildlife
Servace Yankton, South Dakata.- :
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the present study and was excluded from total length measure-
ments (Table 6). The longest caudal filament observed was
4.0 cm. It was more frequently broken on large than small
shovelnose, but a fragment of varying length remained on many
individuals. The author recommends that filament length be
excluded from the total length and measured separately if
desired. This is especially true when length-weight rela-
tionships and condition factors are calculated on a total
length basis. Its inclusion in this case may add several.
centimeters to the length with no effect on weight.

The relationships between standard, fork, and total
lengths of Missouri River shovelncse were constant throughout
the size range and exhibited almost no difference with re-
spect to sex (Figure 5). Conversion factors for these three
lengths were calculated by regression analysis of 254 shovel-

nose processed in 1968. The conversion equations for lengths

in miliimeters are:

F. L. 11.55 + 1.05 (S. L.)
T. L. = 34.49 + 1.12 (S. L.)
T. L, = 24,02 + 1.06 (F. L.)

Srandard length was the distance from the anterior tip of the
rostrum to the posterior end of the last carinate scute of
the lateral series (Bailey and Créss; 19543 . Total length
was the distance from the anterior tip of the rostrum to the
tip of the dorsal lobe of the caudal fin, excluding the

caudal filament. Fork length was the distance from the ros-
trum tip to the notch in the caudal fin.

Scute counts in the dorsal, lateral, and ventrolateral

L S T
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Table 6. Lengths of caudal filaments for 253 shovelnose
' sturgeon collected from the unchannelized Missouri

River, South Dakota,during 19638.

Fork Length Number Filament Length {(mm)
Class ' of - :
(mm) Fish . Mean  Minimum Maximum
410-419 I 390 —~ ~
440~449 2 16.5 8 25
450-459 3 21718 29
460-469 6 34.8 10+ 64
470-479 21 33.2 0 64
£80-489 30 22.1 0 88
490-499 27 24.8 0 104
500=509 42 29,4 0 115
510-519 39 - 22.3 0 72
520-529 27 22.2 0 60
530-539 17 32.1 13 71
540-549 16 15.4 0 34
550-559 . 10 2005 0 32

© 560-569 s 7.0 0 19
. 570-579 3 29.0 0 12 40

ot o _ o

610-619 2 1.0 0 2
650-659 1 12.0 - -
Total 53 24,6 0 115
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rows obtained during the present study and those reported by
Bailey and Cross (1954) indicared that scute counts cannot be
used to distinguish between shovelnose and pallid sturgeon
(Table 7). However, inner barbel length and the ratio of
outer to inner barbel length are reliable characteristics for
distinguishing shovelnose from pallid sturgeon. The mean
rostrum width and length were both slightly larger in female
than male shovelnose, but like other morphological character-
istics, ranges in the two sexes overlapped extensively

(Table 8).

Length-weight relationships were computed from the loga-
vithmic transformaticn of the exponential function, W = e,
where W = weilght in grams and L = fork length in centimetexrs.
The equation Loglow = 3,243 + 3.458 LoglOFL for 512 shovel-
nose collected during 1968 and 1969 adequately describes this
relationship for the Missouri River population. OSince length-
weight relationships may be different for males and females,
and may change temporally, separate length-weight relation-
ships were computed for various subsamples (Table Gy. Sub-
samples of males and females were selected from both the 1968
and 1969 processed fish. Subsamples, including both processed
and tagged fish, were selected in May, July and November of
1969 to check seasonal variations. The fish in each seasonal
subsample were caught within a four day period. The length-
weight relationships were similar for all subsamples (Table 9).
If weights for a hypothetical 50 cm sturgeon, which 1s near

the mean fork length for Miscouri River shovelnose, are




Table 7. Scute counts and proportional barbel lengths of
shovelnose and pallid sturgeon. Barbel lengths
are expressed as a percentage of standard lengtch.

Present Srudy Balley and Cross (1954)
Shovelnose Shovelnose Paliid Sturgeon
sturgeon (N=115) Sturgeon {(N=51) (M=15)
Range Mean Range Mean Range Mean
Scute Counts
Dorsal 13-18 15.8 14-19 16.0 14-18 15.5
Lateral 38-49 43.4 38-47 “3.1 4Q-48 443
Ventrolateral 3-14 11.5 10-14 11.48 8-13 11.2
Barbel Length
Inner 4.9 -9.2 6.2 5.3 - 8.2 5.5 3.7 - 3.0 4.5
Qurer &.8 -9.9 §.2 6.2 -10.8 8.6 7.4 «11.4 8,7
Outer/Inner Ratio 0.74-1.61 1,32 1.17- 1.48 1.34 1.32- 2.41 1.938

Table 8. Comparison of rostrum measurements between male
and female shovelnose sturgeon collected from
the unchannelized Missouri River, South Dakota,
during 1968-1969.

Rostrum Width Rostrum Length Rostrum Ratio

{mm) (mm) : (W/L)
}ﬁales
Number 76 ' 76 76
Mean 6.13 7.17 0.86
Range 5.22-7.19 6.05-8.99 0.72-0.96
Females

Number ' 61 61 651
Mean 6.43 7.28 0.88
Range '5.17-7.25 6.14-8.54 0.79-0.97
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calculated using those equations, the calculated welghts
ange from 419 to 441 g,; less than a one ounce spread
(Table 9).

Like length-weight relationships, the coefficients of
condition, or relative plumpness, of Missouri River shovel -
nose were very similar for males and females (Table 93 .

There was a slight change in condition factors on a seasonal
basis, probably reflecting changes in welght due to matura-
tion of gonads and subsequent release of the sex products,
and perhaps seasonal changes in feeding. Male shovelnose
lose about 47 of their weight afrer spawning while most fe-
males lose 12-15%. Condition factors for the separate repro-
ductive stages show these changes clearly (Table 10). Condi~
tion factors increased as shovelnose approached spawning
condition (developers to Pre-spawners Lo spawners) and then

decreased abruptly afrer spawning occurred. Modde and

O]

Schmulbach (1977) indicared thar shovelnose coefficients of
condicion were also.affected by seasonal feeding patterns.
They found lowest condition factors during late summer and
early fall when shovelnose were foraging on benthic organ-
isms. However, ccefficients of condition increased during

late £3l1l and winter

as decreasing flow rates apparently
increased the vulnerabilicy of drifc organisms, and subse-

quently the sturgeon ration biocmass.
During the study, abnormal external features were

~ observed on several sturgeon. In many cases abnormalities

were obviously caused by physical damage from which che
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shovelnose had recuperated. For example, the anterior end of
®he rostrum was mutilated and subsequently healed on several
. shovelnose captured during 1968 and 1969. Four shovelnose
were captured with no caudal fin. In each case the caudal
peduncle terminated just posterior of the anal fin. Although
this was assumed to result.from accidental injury it could
have been a developmental abnormality. The anal fin in these
fish apparently was a functional substitute for the missing
caudal fin; one of these fish was recaptured 26 km upstream
168 days after it was tagged and released at Wildlife Landing.
Missing dorsal scutes was another common abnermality.
Aithoﬁgh two or three scutes were absent on a few individuals
the most common condition was a single missing scute, usually
the seventh but sometimes the sixth or eighth. This condirion
might have resulted from a developmental abnormality, but the
sixth, seventh, and eighth scutes are susceptible to damage
because they are located dorsally at the place of greatest body
depth,
The most unique abnormality observed was one-eyed stur-
geon. Twelve of 5129 sturgeon collected between June 1968
and July 1970 had epidermal tissue covering one eye, In one
individual the skin covering was incomplete and an apparently
rormal eye was visible through the small opening. The left
!ye was more commonly covereé than the right eye (Figure 6) .
fo histological sections were made bur portions of the’
:overed .eye probably had étrophied_ Pigmentation over the

overed eye was generally lighter than normal pigmentacion

R




Figure 6.

56

Photograph of three shovelnose sturgeon
with "covered" left eves, collected

from the unchannelized Missouri River

in southeastern South Dakota during 1960,
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on the head. Although this condition was observed in fewer
than 0.3% of the sturgeon collected, it is quite possible
that a few one-eyed sturgeon were missed because the eyes

are small.

C. MISSOURI, MISSISSIPPI, AND OHIO RIVER SHOVELNOSE

A comparison of the physical characteristics of shovel-
nose sturgeon from the Ohio, Mississippi, Chippewa (a tribu-
tary of the Mississippi), and Missouri rivers indicated that
shovelnose collected from the Missouri River study area in
South Dakota:

a) have a mean length and weight which is less

than those from the Ohio, Mississippi, and
Chippewa rivers.

b) have a lower condition facror than sturgeon
in the Ohio and Mississippi rivers.

¢) reach sexual maturity at smaller lengths than
shovelnose in the Mississippi and Chippewa
rivers,

d) apparently grow slower than shovelnose from
the Ohio and Mississippi rivers.

Length-frequency distributions from three studies on the
'}ﬁssissippi River and similar data from the Ohio and Chippewa
rivers were compared to the length-frequency distribﬁtion of
1554 shovelnose collected from the Missouri River during

1968 (Figure 7). The narrow length range of the Missouri
River population contrasts sharply with the wider length
ranges qf the Ohio and Mississippi River sturgeon. It 1is

also apparent that Missouri River shovelnose are smaller

since the modal length was around 50 cm, compared to modal

ziengths of 53 to 66 cm for shovelnose from other rivers,




S

30 | OHIO RIVER (1902) terseaaass
MISSISSIPPY RIVIR (1947) == mom o
CHIPPEWA RIVER {313%73)
z
<
=
.onke
z
=
&,
o
&
bR SHY
g
- "'
-‘.‘ 4
ot
. rl
s
LS M~ oty N T
€ 33 A2 ha 4B 43 59
0 - /\ MISSISSIPPT RIVER (19513 sserevessen
PR MISSISSIPPT RIVER (1973) e
- R MISSOURL RIVER (1963-59) = = m m = -
P I \
b ! \
~ i
2
=
o
!
&
i
?:
g
=
B
i 1 i
76 73 80
Figure 7. Length-frequency distributions of shovelnose stur-

‘and Missouri Rivers.

geon collected from the Ohio, Mississippi, Chippewa,
Trace values not shown; data
from Barnickel and Starrerrt (1951) was converted
using FL = (TL - 2.402)/1.06.
Mississippi River - Monson and Greenbank
(1947); n = 877.
- Barnickol and Starrett
(1951); n = 310.
: - Helms (1973); n =
Ohio River - Everman (1902); n = 62
Chippewa River - Christenson (1975); n = §52.
Missourl River - 194% and 1969; n = 1554,
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The largest shovelnose in the 1968 Missouri River catches

had a2 fork length of 65 cm, and Figure 7 shows that fish
longer than this are common in other rivers. Monson and
Greenbank (1947) reported shovelnose up to 8l cm fork lengch
and Barnickol and Starrertt (1951) working in the same stretch
of the Mississippi reported fork lengths up to 78.5 em.
Chippewa River shovelnose exhibited the longest mean fork
length (6& 2 em), but this population had a relatively narrow
length range similar to the Missoﬁri River population.

Since older sturgeon grow more in weight than length
{(Harkness and Dymond, 1961 Helms, 1974), weights provide
the best basis for comparing large shovelnose. The largest
shovelnose reported for the Ohio and Mississippi rivers
weighed 2155 and 2631 £, respectively while the largest stur-
geon processed from the Missouri River during 1968 and 1969
was 1304 g (Table 115, Indeed, the mean welghts reﬁo”ted by
Everman (1902) and Monson and Greenbank (1947) were close to
the maximum recordﬂd during the current study,

To some extent, rhe lengths and weights reported for
shovelnose from different rivers reflect a bias caused by
capture methods. A sampling bias, however, cannot completely
explain why the Missouri River catches contained sturgcon
only within a relatively narrow length range and noticably
smaller than sturgeon from the other rivers (Figure 7 and
Table 11). For example, Everman (1902) examined fish from
commercial seining overations and this technique would be

expected to collecr shovelnose com arable in length to
! p
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Missouri River fish, as well as sturgeon both bigger and
smaller than those collected in the Missouri River. Although
one peak in Everman's length data indicated thatr sturgeon
around 53 cm fork length were common in the.Mississippi River,
most of his sturgeon were longer than Missouri River fish,
Monson and Greenbank (1947) examined shovelncse ar commercial
markets so their dataeanaprobabiy biased towards larger fish.
However, some gill nets I used in the Missouri River had mesh
sizes which should have captured bigger sturgeon comparable
to those collected by Monson and Greenbank . Apparently,
Mississippi and Ohio River sturgeon populations do contain
shovelnose appreciably larger than Missouri River sturgeon.
Barnickol and Starrett (1951) and Helms (1873) used gill
and trammel nets similar to those used to collect Missouri
River shovelnose, but they collecred fish over a much wider
length range and both reported a modal length 6 cm longer
than the 50 cm reported for Missouri River shovelnose
(Figure 7). Helms' (1973) catches also contained shovelnose
over a wider weight range than observed for Missouri River
fish (Table 11). Christenson (197%) collected his shovel-
nose with a boat shocker which would have limited size selec-
tivity, but the Chippewa River shovelnose were much larger
than Missouri River fish. In summary, T believe thar nets
used to collect shovelnose from the Missouri River would have
captured larger and smaller fish if they were in the river.
iherefore, data presented in Figure 7 and Table 11 definitely

indicate thar shovelnose in the Missouri River are smaller
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than those in the Ohio, Mississippi, and Chippewa rivers,

I used data from Monson and Greenbank (1947) to derive
a length-weight relationship for Mississippi River shovelnose.
In order to compare their data with mine it was necessary to
use their middle value of the fork length class as the average
for that class. The length-weight relationships for the
Mississippi and Missouri River shovelnose are graphically
compared in Figure 8. The curves show that Missouri River
shovelnose weigh less per unit length than Mississippi shovel-
nose except at the lower end of the length range where com-
puted weights for the two populations are similar. At 30 cm
fork length the compﬁted weights are 73 g and 74 g for the

two rivers. A striking feature of these curves is that

- Missouri River shovelnose are absent from that portion of the

curves representing the major growth in weight. As length
increases the Mississinpi River shovelnose become progres-
sively heavier. As éxpected, the greatest differences occur
in the 60 to 80 cm range. At 60 cm, calculated welghts for
Missouri‘and Mississippi River shovelnose are 805 and 949 g,
respectively. At 20 cm, the computed weight for a Mississippi
River shovelnose is over 550 g heavier than for a Missouri
River fish (2736 g vs 2177 g). The two largest shovelnose
taken during this study were 65 and 73 em fork length and
weighed 1304 and 1786 g, respectively. Surprisingly, these
two fish fit the curve produced by the logarithmic equation

for Mississippi River sturgeon, rather than that produced

for Missouri River sturgeon. This may be a circumstantial
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relationship and no conclusions should be dfawn from just rwo
specimens. Shovelnose between 60 and 74 cm fork length have
been captured from Lewis and Clark Lake and Lake Francis
Case, main-stem reservoirs on the Missouri upstream of the
study area, {(Shields, 1956, 1957, and 1958, Sprague, 1959,
NelSOﬂ; 1961) and these Ffish fir the length-weight equarion
for Missouri River shovelncse quite well. For example,
shovelnose ranging between 69.6 and 71.9 en (mid-class value
of 70.8 cm) averaged 1297 g, slightly lighter than the calcu-
lated weight of 1372 g for a 70 c¢m shovelnose using the
Missouri River length-weight equation.

The condition factor or ponderal index expresses the
relative well-being or plumpness of fish in numerical terms,
and is commonly used as an indicator of the suitability of
an enviromment for a particular species. Low condition fac-
tors indicate unsuitable environments Or stress situations.
Condition factors for shovelnose from the Ohio and Mississippi
rivers, calculated from the mean fork lengths and welghts
reported by Everman (1902) and Monson and Greenbank (1947),
were much higher than those for 512 Missouri River shovelnose
(Table 11). Barnickol and Starrett's (1951) and Helms'

(1973) data for Mississippi River shovelnose and Christenson's
(1975) data on Chippewa River shovelnose vielded condition
factors lower than the earlier Ohio and Mississippi River
studies, but were still higher than for Missouri River fish.
The lowest condition factor for Mississippi River fish, 3.98,

!wm even higher than the factor of 3.84 for a subsample of




Missourli River spawning females (Table 8) that are expected
to have a high condition factor. The low conditicn factors
for shovelnose sturgeon in the Missouri suggests that the
population is subject to some environmental stress which
may depress growth.

Monson and Greenbank (1847) recommended that states
along the Mississippi River adopt a minimum size limit of
63.5 cm (25 in.) fork length for the shovelnose commercial
fishery to protect a portion of the breeding population.
They found 55% of the male shovelnose and 929 of the females
under 63.5 cm were immature. The smallest sexually mature
female observed by Monson and Greenbank (1947) was in a fork
length class of 50.8-53.1 cm while the smallest adult male
was in a 48.3-50.5 cm class. Barnickol and Starrerr (1951)
presented supporting data, indicating that male shovelnose
reach maturity at total lengths of 49.5 to 55.9 cm while the
smallest mature female they examined was 63.5 cm. Helms
(1972) reported immature males anq females from the
Mississippi River in Iowa longer than 63.5 cm fork length
while the smallest mature male and female he observed were
55.9 and 61 cm, respectively. He reported that initial
spawning for most females occurred at age VII and most males
spawn first at age V (Helms, 1673) .

By contrast, the smallest mature male and female shovel-
nose captured during the present study had fork lengths of
44.0 and 41.8 cm, respectively. Sexual maturity was deter-

mined by microscopic analysis of stained gonadal sections.




The shortest gravid male and female shovelnose observed dur-
ing the spawning season were 44.2 and 47 .6 cm fork length.
0f 245 females analyzed for sexual maturity, only five were
classified as immature; fork lengths ranged from 40.8 to
50.7 cm and weights from 227 to 482 g.  Only two of 309
males were considered immature and microscopic examination
of stained sections suggested that even these two might
possibly have been recent recruits fo the mature population
(see Section III for further discussion). Fork lengths for
the two males were 35.4 and 37.2 em and welghts were 191 and
149 g, respectively. The firsr stage in the reproductive
cycle for mature shovelnose was referred ro as the
'developing' stage. Developing males averaged 49.2 cm fork
length (range of 44.0-53.1 cm) and females 51.3 cm (range of
41.8-61.7 em). The above evidence indicates that most male
shovelnose in the Missouri River study area become mature at
lengths around 40-50 cm while most females réach maturity
when 45-35 cm.

Although female shovelnose in the unchannelized Missouri
River apparently atrain sexual maturity at a smaller size
thaé Mississippi River fish, the number of eggs they produce
per unit of body weight is comparable to egg production in
Mississippi.River shovelnose. Zweiacker (1967) found that
gravid females in the Missouri River contained an average of
1909 eggs per 100 g body weight, while Helms (1973) reported
an average of 1702 eggs per 100 g in Mississippi River stur-

gecn. However, since Missouri River shovelnose are smaller,




the total number of eggs per female is smaller than found in
Mississippi River fish, Egg counts in females from the
Missouri River ranged from 6709 to 15,637 (mean = §G210) in
comparison to 13,908-51,217 eggs (mean = 24,325) {in
Mississippi River sturgeon.

The narrow size range of shovelnose sturgeon collected
within the Missouri River study area, along with low condi-
tioning factors, small size of mature individuals, and
paucity of immature fish, suggest that the Missouri River
population is environméntaliy stressed and probably exhibits
& slow growth raté. This postulated slow growth is supported
by data from 91 recaptured shovelnose. Changes in fork
lengths and live welghts between the time of tagging and re-
capture of these fish indicated that mostT recaptured shovel-
nose exhibited no growth (Table £2) . Of those recaptured,
only 45% were longer and only 37% heavier than when released.,
A shovelnose at large 3 years 250 days.had the greatest gain
in weight recorded for the 91 recaptures, but this fish
gained only 99 g and grew only 7 mm. Two other shovelnose

recaptured over 3 vears after tagging had lost weight while

fqrk lengths had increased by only 1 mm.

Only 13% of the 91 recaptured shovelnose exhibited a
change in fork length greater than 5 mm. Christenson (1975)
made repeated measurements on 20 shovelnose sturgeon over a
one-month period to determine the degree of precision expected
of field measurements, and found length measurements on indi-

vidual specimens varied by £ 5 mm. If I assume that sturgeon
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Table 12. Changes in fork length (mm) and body weight (g)
between tagging and recapture dates, for 91
shovelnose from the unchannelized Missouri River,
South Dakota.

Fork Length (mm) Body Weighr (gz)
Durarion between Number s Mot
Tt e a3 .. . S iy AL TN i JSaximum
Tagging and Recaprure or Mean e R HMean —
{(monchs) Fish Differcnce Luss Gain Diflerence Loss  Gain
0 to |1 21 -39 - 9 L - 5 4 - 530 +pd4
>l te 6 13 -0 7 - 7 + 0 - 403 - 78 =43
6 to 12 23 0.1 - 7 + 6 + 7.7 - 50 T71
>12 o 24 22 =503 - 6 +12 -15 .4 -120  +85
>24 to L3 7 -7 -10 + 7 -13.4 - 35 +99

in the Missouri River do not exhibilt any measurable growth
within 30 days, then recaptures within that time pericd serve
as a contrcol since measurements at tagging and recapture
should be the same. Using this assumption, the precision of
my length data was also near & 5 mm (with one exception, fork
length differences between tagging and recapture were £ 4 mm
for fish at large < 30 days). This same assumption indicates
that repeated weight measurements would vary by about * 64 g.
Growth, 1In terms of weight, was probably insignificant
for sturgeon at large for < one year since weight differences
between taggzing and recovery for these fish ranged only
from +71 g to -78 g (Table 12). Sturgeon at large for 1

to 4 years, on the average, lost weight. Tagging has been
reported to retard growth in several studies. For example,
Priegel (1968) reported length increments of 102 walleyes re-

captured after cone growing season averaged only 53.7% of the

mean annual growth increment of untagged fish in the porula-

.tion. Likewise, Muir (1960) reportcd a marked reduction in




the length increments of tagged fish from about 25% to about

.G“K, (by age groups) of those attained by untagged fish. The
stress of tagging, in addition to the environmental stress
already imposed on shovelnose in this séction of the Missouri
River, could account for the apparent loss of weight by recap-
tured sturgeon.

Slow growth or no derectable growth has also been re-
ported for shovelnose sturgeon from the Red Cedar - Chippewa
River sysrem, a tributary of the upper Mississippi River
(Christenson, 1975) . During 1967-73 he recaptured over 80
shovelnose that had been previously measured and tagged and
the growth in length and weight was virtually zero. Thirteen
of 19 fish that had been ar large for 35 months or more showed
4 Mmean positive growth of 5 mm, no growth for one fish, and
a mean loss of 5 mm in length for five fish. Since
(Christenson (1975) indicated that his precision on length
Measurements was * 5 mm, actual growth was not demonstratable.
The Red Cedar-Chippewa River population also exhibited a
narrow size range, similar to the Missouri River population
(Figure 7).

Shovelnose coliectad from the Mississippi River bor-
lering Iowa exhibited positive growth (Helms, 1973)., Based
m calculated fork lengths of 857 shovelnose, age I fish
wveraged 21.1 cm fork length but grew o 55.4 cm by age V
nd 70.1 cm by age X. Helms (1973) used growth data from
07 recaptured fish to calculare mean weekly growth incre-

.nt:s for dlifferent sized fish. He excluded shovelnose




that were at large over the winter since growth during that
l.time period was limited. Small fish (27.9 cm) grew almost

6 mm per week while larger shovelnose (53.3 cm) grew about

I mm per week. Helms (1974) attributed reduced growth after

the fourcth year of life to attainment of sexual macturity.

A comparison of shovelnose age and growth studies from
the Missouri and Mississippi rivers (Zwelacker, 1967; Helms,
1973 and 1974) provides additional evidence of slow growth by
Missouri River sturgecn, and also some supporting data on age
at maturity. In both studies fish were aged using cross-
sections of the anterior pectoral fin ray. For many species
of sturgeon, the ray section shows a number of single annuli
representing vears of growth pricor to attainment of sexual
maturity (Cuerrier, 1951; Roussow, 1957). However, when
sturgeon reach sexual maturity the single annuli become nar-
rowly spaced for several years, forming a belt. Following
the first belt there are several widely spaced single annuli
and then another belt. The belts apparently represent years
of slow growth during which considerable energy is put into
the developing gonads. The first belt documents age of sex-
ual maturity and the last annulus in the first belt probably

represents the year of first spawning (Roussow, 1957). he

number of single annuli between belts represents the time
period between spawnings.

Applying Roussow's interpretation, Zweilacker (1967)
suggested that male shovelnose in the Missouri River usually

.reach sexual maturity at 3 to 4 vears and females at 4 to 5




vears. This agreed with age at maturity for shovelnose in
. the Missisgsippi River (Helms, 1972 and 1973). Zweiacker also

proposed, based on belt patterns, that shovelnose spawn 2

to 3 years after reaching maturitcy, then probably every other

year afrer that. Histological examination of gonads during

the present study (see Section III) indicated that most male

shovelnose spawn either every year or every other year while

females usually spawn every 2 or 3 years, thus supporting
Zweiacker's interpretation of belts on shovelnose fin ray
sections. Additionally, few immature shovelnose were ob-
served during the present study and Zweiacker suspected that
all fish he aged were mature; that is, all ray sections ex-
hibited belts.

Zwelacker (1967) determined ages of 228 shovelnose from
the unchannelized Missouri River (collected from the study
area) and suggested that ages ranged from 8 to 27 years, with
a mean of 15.2 years. Approximately 79% of the sample popu-
lation was considered to be 13 years or clder, but their
fork lengths only ranged from 48 to 53 cm. Shovelnose from
the Mississippi River in their third and fourth growing sea-

sons (age groups 1T and III) had fork lengths between 42 and

60 cm (Helms, 1974) overlapping the length range of Missouri
River fish that were apparently ﬁuch older. This indicates
that growth of shovelnose in the Missouri River is much
élowgr than Mississippi River shovelnose. 1In terms of weight,
Missouri River shovelnose also exhibit slower growth. The

.length—weight relationship calculaced by Helms for 110 aged




shovelnose indicated that a 50.8 cm (20 inch) shovelnose in
l'tjwz%ﬁssissippi River would weigh about 454 g (1 1b.) and
would be 2 or 3 years old. In contrast, 512 shovelnose proc-
essed during the present study averaged 50.8 cm and 456.2 g,
but were apparently four to seven times older according to
Zwelacker's (1967) studies.

The present study was conducted in the unchannelized
Missouri River in sputheastern South Dakota, an area which is
considered typical native habitat for shovelnose sturgeon.
However, the flow regimen in this section of the Missouri
River has been under stringent control since 1955 when the
U. $. Army Corps of Engineers completed the most downstream
of six main-stem Missouri River reservoirs by closure of
Gavins Point Dam. This dam, about 47 km upstream of the
study area, is used primarily to regulate water levels in
the Missouri River for commercial navigation. Therefore,
even this unchannelized section of the river has been im-
pacted by man-made structures and resource management.
Furthermore, shovelnose habitat has been degraded and elimi-
nated downstream by channelization and reduced upstream by
the main-stem reserveoirs. The completed reservoir system
now impounds 1444 km (74%) of the upper Missouri River
between Gavins Point Dam and the headwaters of Fort Peck Dam
in Montana, and the river is extensively channelized from
Sioux City, Iowa (about 59 km downstream of the study area)

¢

to St. Louis, Missouri. These changes have removed good

I'sturgeon habitat above and below the study area, impacted

s A SIS




channelized section (Schmulbach, et al,, 1975). Morris,

et al. (1968) found that channelization of the Missouri River
bordering Nebraska had reduced both_the benthic area and the
average standing crop of drift organisms, and both benthic
and drifc organisms are ilmportant components of the shovel-
nose diet (Held, 1969; Modde and Schmulbach, 1977).

In conclusion, the author suggests that the narrow range
in length and weight of shovelnose in the study area, low
condition factors, slow growth, paucity of young fish, and
only limited reproductive success {see Section III) are re-
lated to the extensive man-made modifications imposed on the
Missouri River ecosystem. Zweiacker's (1967) age data,
although unverified, supports this conclusion because his
assigned ages indicate that most shovelnose within the study
area were spawned prior to closure of Gavins Point Dam.

.The unchannelized Missouri River in southeastern South
Dakota may also be overpcpulated with shovelnose. This
might be expected 1f shovelnose have moved into the unchan-
nelized area from less suitable reservoir and channelized
river habitats. Although good population estimates of shov-
elnose within the study area were inhibited by low recapture
percentages, tag loss, and immigration and emigration, some
preliminary figurés indicate that shovelnose may be very
abundant within the stﬁdy area.

For estimating populations, tag loss and dilution of
marked {ish within the study area by immigration and emigra-

tion were probably the most ilmportant sources of error during




this study. Therefore, only recapture data over short time
periods were considered. During 1968 and 1969, there were
three relatively short time periods when more than 500 shov-
elnose were marked and released, resulting in $-20 recaptures
(Table 13). In these three cases pooulation estimates, based
on the Schnabel formula (Lagler, 1956), ranged from 3,264 to
3,742 shovelnose per km of river length. Fewer than 2% of the
marked shovelnose were recaptured during these three time
periods and the estimates might also have been biased by non-
random distribution of marked fish. However, even if these
estimates are 20-30% too high (tag loss and emigration of
tagged fish will bias the estimates upwards) there still

would be nearly 2500 shovelnose per km within the study area.

Table 13. Estimated population size (number/km) of shovel-
nose sturgeon in the unchannelized Missouri Piver

in scutheastern South Dakora.

T Estimared Population®

Length of River

Fished Number Number 95% Confidence
Time Period {km) Marked Recaprured No /kn Limirs
1968
Sep 19 to Nov 2 5,637 6138 L1 TS J003-7284
1969
Apr 13 ro Jun 28 b by 549 3 3264 1674-7460
Oct 9 to Dec 3 11,24 10357 20 3742 24306034

P =Imc/Zr (Legler, 1956).

etween Vermlliion Boat Club Landing and

“shovelnose releaed and vecaptured b
j Park Landing (See Figure 1),

~

2 kn downstream of Clav Councy Pa
“Shovelnose #eleased and recaptured from Wildlife Landing downstream Lo west
end of Goat Island.

“Shovelnoss released and recaprured between Highline Landing and 2 ks down-
strgam of Clay County Park Landing.




RESULTS AND DISCUSSICN (cont'd)

I1. MOVEMENT

Shovelnose sturgeon movement in the unchannelized
Missouri Piver was investigated by conventional tagging and
recovery. Tagging began in mid-June 1968 and continued
through mid-July 1970. During thet period, 3,543 sturgeon
were tagged and released within the 20 km study area (Table
14). Only 22 of 1,258 (1.8%) sturgeon tagged during 1968
were recaptured during the first year. During 1969, an addi-
tional 2,084 sturgeon were tagged of which 120 were recap-
tured. When the tagging program was terminated in mid-July
1970, 158 shovelnose (4.5%) had been recaptured. Only nine
of the fish recaptured by July 1970 were caught by sport fish-
ermen (three outside the study area) while the remainder were
caught by personnel of the University of South Dakota.

Although field operations for the movement study were
terminated in July 1970, recaptures of sturgeon tagged during
1968-70 continue to be taken (Schmulbach, personal communica-
tions). Continuing fisheries work by the University of South
Dakota through 1972 resulted in 31 additional recaptures while
commercial and sport fishermen reported 10 recaptures from

1972 through 1974, 8 from outside the study area (Table 14).

A, EVALUATION OF TAGGING METHODS

Monel strap and plastic dart tags were used during the

.current study. Between mid-June and late September 1968,

Dr. James C. Schmulbach, Biology Department, Univ. of
South Dakota, Vermillion,; South Dakota.
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No. 4 monel strap tags (National Band and Tag Co., Newport,

I' Ky.) were clamped over the posterior margin of the opercle.
Six shovelnose tagged in this manner were held for 3.5 months
in live tanks and showed no indication of shedding tags when
released in early October. However, a shovelnose was recap-
rured on October 16 and ancther on November 2, rhac had obvi-

ously sloughed the opercle tag. Additcionally, several shov-

elnose recaptured during October were in the process of
sloughing the opercle tag. Apparently current and suspended
sediments striking the tag caused the cartilaginous opercle
to gradually evode. The notch (scar) on the opercle was eas-
ily recognized, and during 1969 and early 1970 fifteen stur-
geon with lost opercle tags were captured (Table 14). Among
the recaptures, 17 of 36 opercular-tagged sturgeon lost the
tag (assuming that all sturgeon which lost tazs were recog-
nized through July 1970) . However, some opercle‘taos per-
sisted for several years. One sturgeon with a strap tag
securely clamped on the opercle was recaptured in September
1971, 3 vyears 81 days after it was tagged. The last sturgeon
recaptured with an opercle tag was caught in April 1972, 3
vears 258 days after tagging.

A smaller strap tag {No. 1) that clamped much tighter
to the opercle than the No. 4 tag was applied to 96 shovel-
nose in 1969. Alrthough no evidence of sloughing was observed
on the four shovelnose recaptured with the small ctag, few
small tags were used because they were difficulc co see.

. One of rthese four recaptured sturgeon was at large for 3 years




17 davs.

I' From October 1968 through October 1969 most shovelnose
were tagged with a plastic dart tag (Floy, model FT-6)
inserted between the overlapping scutes along the dorsal
ridge, at about mid-length. Most of the dart tags on nine
sturgeon recaptured in 1968 and 30 caught between April and
Septrember 1969 weve firmly attached. However, they did not
remain hooked over the imbedded anterior edge of the scute
as intended. Moreover, on some individuals it appeared
that the exposed flexible tubing was oscillating in the
current and retarding healing of the tag wound. Tags and
tagging equipment were kept in a Lysol bath before and after
use and only a few sturgeon exhibited acute infection arocund
the tag.

On October 3, 1969, the first shovelnose bearing a scar
indicating a lost dart tag was caught, then several more
were seen later in the month. During the last four weeks
of the 1969 field season I recaptured 61 sturgeon, including
11 with intact dart tags and 32 which had 1oét the dart tag.
During 1970, six intact dart tags were collected between
March and July, but after mid-summer 1970 no shovelnose
with dart tags were recaptured. Helms (1972) also observed
tag shedding when he tagged shovelnose sturgeon with dart
tags between scutes of the lateral row or on the side between

the dorsal and lateral rows of scutes. Helms, however,

experienced good results when dart tags were inserted dorsal

. to the pectoral fin and anchored in rhe pectoral girdle.

B 1 o
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In Ocrober 1969 I returned to a monel strap tag, but
clamped it over the anterior margin of the pectoral fin about
L cm from the fins junccure with the body. Strap tag appli-
cation consumed less time than that of the dart tag and pro-
duced only a minor wound on the fin. Furthermore, pectoral
tags on recaptured shovelnose were tight and only slight
tissue destruction was observed. For long term studies the
pectoral tag proved to be superior to either the monel opercle
or pilastic dart tag. Of the 42 recaptures that had carried
tags for one full year or more, 35 had pectoral rags compared
to 6 opercle tags and one dart tag. Additional Missouri River
studies (Schmulbach, personal communication) and Mississippi
River studies (Helms, 1972) also noted that the pectoral tag
was very reliable. Christenson (1975) had satisfactory re-
sults with strap tags placed around the caudal peduncle of

shovelnose in the Red Cedar-Chippewa River system.

B. MOVEMENT

Although shovelnose sturgeon were caught at many loca-
tions within the 20 km study area most were caught within 0.4
km of nine release points (Figure 9). Similarly, tagged
sturgeon were released at these points or boat landings imme-
diately adjacent to release pcinﬁs 4, 5, 7, and 9. Therefore,
in describing movement, all shovelnose were considered to have
been caught, tagged and released, and recaptured within these

nine defined areas (each approximately 0.8 km in diameter).

I'With the exception of fish used for homing experiments, all
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ragged shovelnose were rarurned to the river at the release

l’oiﬁt or boat landing nearest its capture location.
1. Distance Moved and Time at Large

a. Single Recaptures. Berween June 1968 and mid-
July 1970 when field work was terminated, 94 shovelnose had
been recaptured with intact numbered tags (Table 14). An
additional 41 recapturés (of fish tagged during 1968-70)
were reported between mid-July 1970 and October 1974 to
University of South Dakota personnel. Approximately 697% of
rhe recaptured sturgeon were caught within one year cf their
release dare and during that period, 40 of 93 recaptures
were caught either at their original release point or within
1.6 km of this point (Table 15). An additional 23 were
caught between 1.6 and 3.2 km from the release point. The
maximum distance traveled by a shovelnose at large for less
than a year was 25.7 km. This fish was caught 168 days after
its release. For the 93 shovelnose recaptured within one
year, the average duration between tagging and recapture was

95.5 days and the average distance traveled was 3.1 kmn.

Christenson (1975) reported shovelnose sturgeon in the
Chippewa River, a tributary of the upper Mississippi River,

that were at large up to 14 months and traveled an average

., !

of 1.9 km upstream or 1.8 km downstream. In the Mississippil
River bordering Iowa, 82 tagged shovelnose sturgeon were
recaptured during 1972 by experimental netting and commercial
ishing (Helms, 1973). Two-thirds of these fish were at large

for less than 128 days and had moved an average of 1.9 km.
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Twenty-seven shovelnose were recaptured between one
and two years after their release. All but three had moved
at- least 1.6 km from the point of release and 597% (16 of 27)
were recaptured at least 7 km from the release point (Table
15). Two of these fish were recaptured outside the study
area; one 77 km downstream near the mouth of the Floyd River
at Siocux City, Iowa, and the other about 137 km downstream
near the mouth of Blackbird Creek. The average time out
for the 27 shovelnose at large between one and two years was
601.3 days, the average distance moved was 13.7 km.

A1l shovelnose recaptured after two or more years
were caught at least 1.6 km from their original release
point, and 667 traveled arc least 9.7 km (Table 15).
Seven of 15 fish at large for 2 to 4 years were caught out-
side the study area; six downstream and one upstream. The
fish recaptured upstream was at large for 3 years 332 days
and had traveled 19 km, about one-half the distance to
Gavins Point Dam which limits further upstream movement,
The longest time between release and recapture was recorded
for two sturgeon recaptured by sport fishermen near Ponca
State Park, Nebraska. These two were at large for 4 years
300 days and &4 years 338 days and had moved 37 and 45 km
downstream. Two shoveln@sé at large for 2-3/4 and 3-1/4
years were captured near Sioux City, Iowa about 80 km down-
stream. Maximum distances, however, were achieved by two

shovelnose recaptured near Omaha, Nebraska. OUne was at
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large for 4 vears and 5 days and was caught at Desota Bend
north of Omaha, nearly 240 km downstream. The other was
recaptured at Dodge Park, about 250 km from the release point,
atter 2 years 124 days.

Although there was variation, distance traveled increased
as time at large increased. TFor example, the average distance
between release and recapture locations for shovelnose caught
in one-year time blocks (Table 15) was 3.1 km for the first
year, 13.7 km for the second yvear, 51.0 km for the third year
(17.9 km average if the sturgeon caught at Dodge Park is
excluded), 25.7 km for the fourth vear, and 107.3 km for the
fifth year.

University of South Dakota (USD) fisheries personnel
continued to tag shovelnose sturgeon with monel tags on the
pectoral fin after the present study ended. This effort pro-
vided an additional 39 recaptures through early 1975. DMany
of these sturgeon exhibited movements similar to those
described above; 16 of 39 were recaptured witﬁin one year
of their release and only 5 were at large fof more than 2-1/2
vears. Although 62% were caught wichin 16 km of their release
points, a few traveled a considerable distance in a short
time period. For example, a commercial fisherman recaptured
one shovelnose almost 200 km downstream 80 days after its
release, and another sturgeon was caught 530 km downstream
of its tagging location only 264 days after being tagged
(Schmulbach, personal communication). University of South

Dakota personnel have recently reported 16 additional




recaptures during 1976, 1977, and 1978. Two of the most
recent recaptures were caught near Omaha and had been at
large for 7 years 14 days and 8§ years 188 davys (Schmulbach,
personal communication).

Sport and commercial fishermen apparently became more
aware of the tagging program during the 1970's while direct
recapture efforts by USD personnel declined. As a result,

23 of the 39 recaptures from fish tagged between 1970 and 1975
were reported by fishermen and these reports revealed some
relatively extensive movements. Two shovelnose were caught
at Gavins Point Dam about 47 km upstream; one of these had
been at large 4 years 29 days. Six shovelnose were recaptured
between Omaha and Union, Nebraska, about 240 to 315 km down-
stream. These six had been in the river between 1 year 130
days and 2 years 126 days. Maximum distances traveled, how-
ever, wefe set by three shovelnose recaptured in the Missocuri
River between St. Joseph, Missouri and Atchinson, Kansas, 5C0-
540 km from their point of release. One sturgeon caught
north of the bridge at Atchinson, had been out for only 264
days; the sturgeon recaptured at St. Joseph was at large
almost 2 years while the one caught south of Atchinson had
been tagged 1 yeér 141 days.

b. Multiple Recaptures With conventional tag-
recapture data, the distance a fish moves is assumed to be
the length of a straigﬁt line between the release and recap-
ture points. However; the fish may actually travel much

farther if it moves both upstream and downstream before it




is recaptured. Multiple recaptures provide some evidence on
. this interim movement. Although nine shovelnose tagged dur-

ing 1968 and 1969 were recaptured twice, six of these had

lost the original tag and were released the second time with
a new tag. One of the three double recaptures with tag in- o
tact had moved 4 km upstream in 94 days, then moved back
downstream to the area where 1t was originally released after
another 239 days. Another continued to move upstream; be-
tween September 27 and December 1, 1969 it had moved upstream
about 3 km {(from area 1 to 3) and on June 4, 1970 it was re-
captured another 7 km upstream at area 5. The third double
recapture had moved less than 0.5 km when it was recaptured
the first time 18 days after its release; one year 330 days
later it was recaptured about 6.5 km downstream. These limit-
ed data suggest that shovelnose move randomly back and forth
within a segment of the river. This conclusion is éupported
by multiple recaptures of 26 shovelnose sturgeon in the Red
Cedar and Chippewa rivers (Christenson, 1975). He reported
random movement not disclosed by single recaptures. Twenty-
two of the multiple recaptures involved Chippewa River shov-

elnose at large from 1 day to 13 months; 14 were initially

recaptured upstream of the release point, 4 downstream, and
4 at the original release point. When recaptured the second

time, 11 went upstream, 10 downstream, and 1 remained at the

release point.

c, Summary. The Missouri River recapture data

. indicated that most shovelnose at large for a yvear or less
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remain within a 8-16 km segment of the river, but they may
I' move back and forth within this segment. This apparently |
random movement displaced shovelnose farther and farther from
' the original capture location as time increased. lany shov-
elnose at large for 2-4 years had moved 80-250 km from the
original release points, and a few individuals had moved 500
km or more in that same time period. Helms (1972) and
Christenson {(1975) did not ohserve extensive movement for
shovelnose in the Mississippl River and Red Cedar-Chippewa
River Systemn, bur few of their recaptures were at large for
‘more than one year. They reported maximum movement of 21 and
19 km, respectively. Their data were comparable to data for
Missouri River shovelnose at large for less than one year.

A large-river ecosystem such as the Missouri River con-
tains'a diverse assemblage of habitat types and a large
variety of fish species. This type of ecosystem probably
contains a less uniformly distributed fish population than
does either a lake or small stream, and considerable move-
ment might be expected between habitat types and along the

nain axis of the river. Some fish species would be sedentary,

others semi-mobile or mobile. Shovelnose sturgeon probably

are best characterized as mobile, or as suggested by Funk

(1957) might include both sedentary and mobile groups. Funk
suggested that all fish species include both sedentary and
mobile groups, and a species 1s best char%cterized according
to the relative abundance of the two groups.

In addition to sheovelnose sturgeon, several species
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common in the Missouri River might be classified as mobile;
including channel catfish, paddlefish, and walieye. In an
unaltered area of the Lirtle Sioux River, a tributary of the
Missouri near Sioux Citcy, Iowa, over 30% of the channel cat-
fish recaptured by Welker (1967) had moved over &40 km. The
maximum travel disctance he reported was 191 km. In Missouri
streams, Funk (1957) indicated that about 35% of the recap-
rured channel catfish moved 16 km or more. Paddlefish in

the Missouri River are also reported to travel extensively.
Adult paddlefish from Carrison Reservoir move 150-300 km up
the Yellowstone River each spring prior to spawning (Rehwinkel,
1978) . Although récaptures suggest that some paddlefish may
remain in rhe Yellowstone over the winter many return tO
Carrison Reservoir, presumably each year. Long distant move-
ment by walleye is apparently seasonal and associated with
spawning, similar to paddlefish. Priegel (1968) reported
maximum distances up to 156 km during walleye spawning runs
in the Fox and Wolf Rivers; average distance traveled by

recaptured walleye was 30 km.

2. Movement Within the Study Area

The intensive field effort along the 20 km study area
produced a bias favoring recaptures within, rather than out-
side of the study area. These recaptures, however, provided
valuable information concerning shovelnose movement, First,
a large portion of the shovelnose were recaptured at or near
the point where they were released (Table 16). For example,

17 of the 34 shovelnose recaptured at area 5 were released
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at that location, and 10 more were released at areas 4 and 6,
immediately upstream and downstream of area 5. Thirty-four
of the 135 recaptures (fish tagged from 1968 through mid-1970)
were caught at the area where they were released and an addi-
tional 45 were caught in the area immediately upstream or
dowmstream of the release point. However, it also appears
that there is a mobile fraction of the shovelnose population
because a few individuals were recaptured over 100 km from
their original capture locations.

The distribution of recaptured shovelnose provided some
evidence on preferred‘habitats. For example, none of the 17
shovelnose released at area & were recaptured there. But,
this was expected since area 4 was pfimarily a release point
and very little gill netting was attempted in the relatively
straight and narrow channel at this location. Pools behind
sand bars in area 6 were also characterized as shallow and
unstable, and most shovelnose might move through this area
rather than abide there for any period of time. This hypoth-
esis is supported by the fact that sturgeon released from
area 6 were not recaptured there, but had dispersed through-
out the 20 km study area prior to recapture (Table 16).

Most recaptured shovelnose were caught at areas 3, 5,
and 9 and pools behind sand bars were more numerous and stable
in these three areas 1in ccmpariéon to the other six. However,
my mark and recapture data indicated that the recapture loca-
rion was also obviously dependent upon where fishing pressure

and success were highest, and where tagged shovelnose were
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released (Figure 10). Most shovelnose sturgeon were caught
at areas 3, 5, and 9 (21, 28, and 24.5%, respectively). The
recapture point appears to reflect the location of the larg-
est catches more closely than the location where the lérgest
number of tagged shovelnose were released. For example,
relatively large numbers of tagged shovelnose sturgeon were
released at the convenient boat landings at areas 4 and 7,
but these two locations had few suitable netting locations
and few shovelnose were recaptured there (Table 16 and
Figure 10).

The temporal distribution of recaptures over the ten
sampling months also closely paralleled fishing success
(Figure 11). As field work began in early spring catches
were frequently low, but the numbers of shovelnose caught,
ragged, and recaptured increased through May and peaked in
June. Catches were usually small through mid-summer and
few sturgeon were recaptured. Catch, tagging, and recap-
ture rates increased again in the fall, even exceeding the
June peak. The highest percentage of recaptures, as well
as the highest percentage of releases, occurred in October,
but catch success peaked in November. The number of shovel-
nose tagged and released decreased between October and
November because during late November 1969 several hundred
sturgeon were released without tags as inclement weather
hampered tagging. One reason for the smaller percentage
of recaptures in November was that during November 1965, a

large number of recaptures with lost Floy tags (not included
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in Figures 10 and 11) were caught.

Spring and fall catch rate peaks indicated that shovel-
nose sturgeon were elther more abundant, active, or concen-
trated in the study area at these times (Figure 11 and
Table &4). The tagging data suggested that shovelnose are
more active during June and October-Hovember. Based on date
of release, recapture data were sorted into five time periods
and the average distance traveled by shovelnose during these
five periods was compared (Table 17). Only data for scturgeon
at large for fewer than 66 days were used in these analyses
since the longest of the time periods was 61 days.

Shovelnose sturgeon released in June, October, and
Novemnber traveled longer distances, on the average, than
chovelnose released in the early spring (April-May) or
summer (July-September). The least movement cccurred during
the summer. Although the average distance moved by sturgeon
released and recaptured in early spring was relatively high,
the time at large was higher for this group than for any of
the other groups. The percentage of mobile individuals was
usually directly related to distance traveled (Table 17).

For example, only 40% of the shovelnose recaptured in the
summer moved and average movement was less than 0.8 km, while-
71% moved during the spring and average movement was nearly

4 5 km. Increased activity during June could be a result of
reproductive behavior. The high percentage of mobile fish

in October also corresponded with relatively long travel

distances, indicating that shovelnose are active in the fall.




Table 17. Average distance traveled by shovelnose sturgeon
and percentage of the population exhibiting move-
ment during five seasonal periods; for sturgeon
tagged, released, and recaptured within 65 days.

Average Time Average Distance Percentage

Time Period Number of at Large Traveled Gill Yet Showing

of Release Recaprures {d) {km) CPUE™* Movement
Apr-Hay 9 6.7 1.74 2001 45
Jun 7 15.3 4.49 27.2 71
Jul-Sep 10 18.5 0.77 8.5 40
Jon 22 18.6 2.08 23.3 64
Nov 8 17.8 2.46 29.8 37

* . - =l o 1 - -
Catch per unit effort = number of sturgeon caught in 91.4 =m of net set for 20 h.

During Movember, 5 of 8 recaptures had not moved but the
‘other three were recaptured 5.2 to 9.3 km from their release
locations. This produced a high average distance for the
group even though most of the individuals were sedentary.
Relatively high spring and fall activity interrupted
by a sedentary summer season appears to be a behavior pattern
common to many fish species. Using underwater telemetry,
Holt et al. (1977) found that mean daily movement for walleye
was shortest in the summer and higher in spring and fall, and
radio-tagged largemouth bass displayed a similar seasonal
pattern (Warden & Lorio, 1975). Rock bass, channel catfish,
carp, and smallmouth bass in Missouri also exhibited high
spring activity followed by a sedentary summer (Funk, 1957).
The exact or primary éause of increased spring movement
cannot always be determined, but it may be associated with
spawning activities, feeding, water temperature, flow rates,

or cther physical or chemical characteristics of the water



bodv (Cleary and Greenbank, 1954,; Funk, 19537, Priegel, 1968;

Warden & Lorie, 1975; and Holt et al., 1677).

C. DISPLACEMENT EXPERIMENTS

Previous investigations of fish movement have shown that
individuals of many species normally limit their movements to
a specific area or home range for a considerable pericd of
time (Gerking, 1953; Kudrna, 1665; McCleave, 1967; McCleave
et al., 1977). Many species which maintain a home range
also have the capability to return to the home range if they
are displaced by naturval or artificial phenomenon (Gerking,
1959) ; Jahn, 1969; Warden and Lorio, (1975). My recapture
data for shovelnocse sturgeon suggested that shovelnose do
not establish a home range, and the following experiment
indicated that they do not exhibit a tendency to return to
the point of original capture {iz, home range).

During 1968 and 1969 about 1,000 tagged sturgeon were
displaced either upstream or downstream from where they were
captured. Although a.few were displaced almost 13 km down-
stream {from area G to area 4), most were transferred between
1.6 and 3.2 km from the original capture area; about 19%
upstream and 81% downstream., Twenty-three displaced fish
were recaptured by early July 1970, but no evidence of homing
was observed (Table 18).

Thirteen of the 23 recaptures moved back towards the
original point of capture after being displaced (ie, they

moved upstream 1f displaced downstream - or vice versa).

;
:
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However, some indiviéuals (Table 18, tag numbers 1157, 730,
and 60) continued past the original capture location and then
moved away from the original point of capture. Unfortunately,
these tag recaptures did not monitor movement continuously
between release and recapture. Therefore, some of these fish
which were at large for long periods, such as fish No. 60 at
large for 464 days, could have returned to a home range and
remained there for some time before moving along. Movement
of recaptured sturgeon which were at large for short time
periods (for example, No. 1157 and 730), however, suggested
that there was no tendency to return te a home range.

To measure the movement of displaced fish more objec-
rively, each recapture was given a positive or ﬁegasive
score (the homing index) so that the sum of all scores would
be positive if a tendency for homing occurred (Table 18).

The grading scheme was:

+4 recaptured at the point of original capture
after being displaced

+3 at recapture, had returned about 75% of the
distance displaced

+2 at recapture, had returned about 50% the
distance displaced

+1 at recapture, had returned about 25% the
distance dlsplabed

0 did not move after being dlsnlaced

-1 was recaptured about 125% of the distance
it had been displaced

-2 was recaptured about 150% the distance it
had been displaced

-3 was recaptured about 175% the distance it
had been displaced

-4 was recaptured > 200% the distance it had
been displaced
Five individuals received a grade of +4 while eight received

a grade of -4. The sum of all grades was -6 (-36 and +30)
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indicating that the displaced shovelnose did not exhibit a

.f:endenc:y to return to a home range. Displaced sturgeon were

recaptured up to 464 days after release but no relationship

was observed between time at large and tendency to move back
to the original capture point.

Individual fish which establish a home range can appar-
ently recognize their surroundings and retain impressions of
the immediate environment for a considerable period of time
(Gerking, 1959). Thus, they might have an advantage over
individuals new to the area (for example, fish introéﬁced by
stoéking). This line of reasoning suggests that a fish tagged
and released back into its home range would be less likely to
move, or move a shorter distance, than a fish which was dis-
placed, and released into a new area. A comparison of
displaced and non-displaced shovelnose revealed that about
half (47%) of the non-displaced fish and 30% of the displaced
shovelnose were recaptured within 1.6 km of their original
point of capture (Table 19). Although this suggests rhat
displaced shovelnose may move farther, the percentage of
displaced and non-displaced shovelnose moving < 3 km was
nearly equal; 69.57% compared to 67.1%. Overall, movement by
these two groups was quite similar.

Although displaced shovelnose showed no homing tendency,
recaptured shovelnose did-exhibit ar apparent group movement.
On 30 occasions two or more shovelnose were recaptured on the
same date, or within a 48-hour period of each other. In

approximately two-thirds of these cases at least two
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recaprured fish had been tagged and released Eogéther (Table

20). The first pair of tagged shovelnese was caught at

area 3 on July 1, 1968, but pairs like this were anticipated

hecause both had been veleased only 5 days earlier, 1.6 km

downstream. Recaptures that had been at large for longer .
time periods were more intriguing. For example, on May 25-

26,_1969, four sturgeon were recaptured at area 5 that had

been released 207 to 228 days earlier. Three were caught :
and released at area 5 just a few days apart while the fourth 5
was caught at area 5 at the same time and displaced about

1.6 km downstream to area 4. About 2 weeks later on June 10,
five of nine shovelnose recaptured at area 9 formed a group;
these five were tagged and released at area 9 between 31 and
34 days earlier. Recaptures during 1970, 1971, and 1974
orovided even stronger evidence of grouping because palrs or
triplets were recaptured more than a year after release. For.
example, on October 5-6, 1971 two shovelnose caught at area 3
were fish released 699 and 700 days previously at area 6. On
that same date three recaptures at area 2 just 1.6 km down-

stream, had also been released from area & between 697 and

698 days ago. Then about 2 weeks later, a pair of shovel-

nose was recaptured in area 4 that had also been released

at area 6, 713 days previously. Although not captuved con the
same date, the source of two recaptures caught near river
mile 758 about a week apart in the fall of 1974 was
intriguing. These two fish had been released in late fall

1969 at release points 4 and 6 (river miles 761 and 786) and
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area of release and number of days between release
and recapture for

pccasions

when Lwo

shovelnose sturgeon caught on
or more sturgeon were recaptured

on the same date
Wumber
of Fish Pevaprure Croun
Recaprure Jate Recupiured Area Movemant Lummnaencs
1362
Jul } 3 § KCH Barh Yish relessed ot sves !, 5 davs eariiar
Oct ib 4 5 Tgs hree of rthe four recaptur sere tavyed and reiessed
At area 5, o-7 davs cariter.
Detr 24 X 3 No
Qer 25-18 2 5 Yes Borh fish released at arez 5, 16 davs earlier.
Qce 2 2 3 do
1969
May 2 g Nao
May 2 3 No
May  15-16 & Yes Two 0f rhe four sturgeen were released ar ares 5, 207
and 210 days pricr ta recaptur he pthay TWo SCure
geon were released 200 and 223 days =arviier. at areas
4 and 5 respecrivel
Jun 3 2 3 RO Zorh fish released a2t araa 5, bur fime out was 213 davs
far one and 23% days Ior the ochar.
Jun 10 5 9 Tes Ffive of the recaptured sturgecn ware Teleased 31-34 days
previousiy at area
Jun 10 3 5 Yay All thiree releasad st area § che day hefove,
Qer 30-31 ) 5 Ha
dov & ] 5 o %o group movement defected bur recaptures irncluded 3 lost
tags.
dov 7 6 & do Ho group movement Jetected but recaptures included & lost
cags.
Now 12-13 3 3 Tes Twe stutgeon released at area &, li-i4 Jays prier oo re-
capture. Recaprures inciuded 3 101 Zugs.
Now 23+264 5 [ Tes Four of the six recaptures <ers released 1518 lavs prror
to recapture 80 araa 6.
Hav 30 k] 3 ies Two of the recdptured sturgeon were released at area &, 18
days eariisr.
Dee L 2 i tio
De 5 Yey fwo of the recaptured sturgeon were released at area &, J16-27
days eariier. Recaprares included 5 lust tays.
1970 .
Jun 25 3 4 Yes Two of rhe rthree recapturses had been released ar atea 4. 110
days prioe te their racaprure.
Ger 36 2 3 Yas Both sturzeon had been released at area 4, 154-365 days be-
fore recaptured.
187t
Mar 2 4 Ne
Mar 12 3 G Yasg Tws of rhe rhree recapcured sturgeon wede released 1 yo 124-0
davys eariler st area 3.
Mar 13 2 3 Mavbe The [wo recdptires were released L yr 118 days and | yr 134
days earlier, one at arsz 5 and cthe other ar afea b
Sep 21-32 3 3 Yes Two of the three sturgeon were released av area 6 1 oyr 37 and
1 yr 221 davs earlier
et 548 2 3 Yes Both sturgeon were reieased 3T area © and were af large for !
yr ]3 -3 days.
Ger -8 3 M Yas ALl three recaptures were at large for L' yr 332-3 days and
were released ar area 6.
Ger 21 K 4 Tes 3och sturgeon were released at area b, 1 ovr 3Ld days pricr oo
recapLure |
Nov 19 3 4 Mo
1874 . X . "
Sep 30 and 2 Hile 758¥ Mayse These owo tish, recaptured 3 Jays apdaro, wWerg at large - VU 300
Gcr 8 da ys and & ytr 338 days; vae was veieased 20 srea & ang one &t
area &.
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were caught at river mile 758 by a local sportfisherman,
Mr. L. Saboda, almost 5 years after they were tagged and
released.

Although this phenomenon of grouped recaptures suggests
rhat shovelnose might run in schools, no one has observed
schooling behavier in the sturgeon family. The author
believes that these grouped recaptures OCCur beéause shovel-
nose travel along the river by moving from pool te pool.
Throughout the 1968 to mid-1970 field work, catches were
consistently higher in pools hehind sand bars. 1f the more
suitable (i.e., preferred) pools are fairly limited - we
located fewer than nine good pools within the 20 km stﬁdy
area - then most shovelnose would be concentrated within a
finite number of locations along the river. Therefore,
ragged shovelnose released together may actually travel to-
gether for a time by simply moving in the same direction and
from pool to pool at about the same rate. This could explain
group recaptures for shovelnose recaptured within a few
months of'their release. Group recaptures after longer time
periods may occur simply because shovelnose frequently cross.
paths; that is, shovelnose released together do not necessar-
ily travel together but could be found at the same pool
fairly frequently if they are moving back and forth between
a relatively limited number of preferred pools.

In conclusion, catch and recapture data indicate that
shovelnose sturgeon exhibit random movement. Within the

study area, the number moving upstream nearly equals the




l' number moving downstream. Multiple recaprures in this study
and those by Christenson (1975) also suggest that shovelnose
move randomly back and forth within the river although sea-
sonal trends in activity were noted. Shovelnose were more
abundant at the Wildlife Landing, Boat Club, and Clay County

Park areas (release points 9, 5, and 3, respectively) than

at the other six points of the study area, and this was appar-

ently due to better habitat in these areas. Pools behind sand
bars and slack-water areas adjacent to the main channel were

more abundant (and more stable) at these three subsections of

the study area. Shovelnose probably move along the river by

moving frem pool to pool, or to open areas with reduced-flow

adjacent to the main channel.

Most shovelnose remain near the area where released for
several months (51% recaptured within 3 months had moved less
than 1.6 km), bur distance between release and vecapture
points increased with time. The average distances moved by
shovelnose at large for 1 to 5 years were 3.1, 13.7, 51.0, 'Q
25.7, and 107.3 km respectively. After several years at -

large, shovelnose were found 80 to 540 km downstream of the

study area; upstream movement was limited to < 50 km by
Gavins Point Dam.

Displacement of tagged Eish indicated that shovelnose
have no tendency to "home' back to the original capture loca-
tion and displaced shovelnose were apparently no more active

" than the shovelnose released where they were captured.

Shovelnose sturgeon were more abundant, or at least more
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. susceptible to capture gear, during spring and fall and recap-

ture data indicated that they were alsoc more active during

these two seasons. MNeither catch data at Gavins Point Dam
tailwaters (Walburg, et al., 1971) nor tag recaptures during
the present Missouri River study indicated any noticeable up-
stream migration associated with the spawning season as ob-
served by Eddy and Surber (1943) and Helms (1972) in the
Mississippi River. Although recapture data suggested that
shovelnose were sedentary during the hottest summer months,
few sturgeon were caught in these months so their habitat
preference during summer 1s unknown. They could move into
deeper holes in the main channel which I was unable to

fish effectively, or into tributaries, or just disperse into

several of the available habitats. Shovelnose caught in

early December and again in March were very lethargic, imply-
ing that they are probably sedentary during the winter, but
"Modde and Schmulbach (1977) reported that shovelnose actively

feed during the winter period.




107

RESULTS AND DISCUSSION (cont'd)

II1. REPRODUCTION

The shovelnose sturgeon reproductive cycle was inter-
preted after determining remporal changes in gonadal gross
morphology, microscopic anatomy, and goncsomatic index
(GST = gonad weight x 100/body weight). Three criteria
were used because one or two were insufficient to describe
the reproductive cycle, which apparently was complicated by
the existence of mature fish that did not spawn every year.
The possibility that some mature shovelnose don't spawn
annually was anticipated because gonads in several different
stages of maturity were alwayé present in the population,
and research on other species of sturgeon has shown that
they spawn at intervals of several vears (Magnin, 1962;

Cuerriér, 1966; Semakula and Larkin, 1968) .

A. GROSS MORPHOLOGY OF GONADS

The‘paired elongated.testes were situated dorsolateral
and parallel to the alimentary tract and extended from the
pericardial cavity posteriorly to a point midway between
the posterior extension of the gas bladder and anus. The
restes were supported along their dorsal‘surféce by mesorchia
which were continuous with the peritoneal lining of the gas
bladder and dorsal body wall. HNumerous efferent sperm ducts

and blood vessels traversed the mesorchia.




‘The paired ovaries, similar in length to the testes,
occupied the same relative position to the other body organs
as the testes. The mesovaria, containing the major blood
vessels supplying the ovaries, were comparable to the
mesorchia in form and areas of attachment. Mature ovaries
contained brown or black ova which completely filled the
body cavity and distended the abdomen. - This distention
was externally obvious in females for several months prior
to spawning. Ovaries with less developed ova were COm-
pressed much like the testes and similarily located.

The medial portion of the ovary was composed of a layer
of connective tissue with associated vascular elements and
some smooth muscle. Compact leafy folds of ovarian tissue
extended laterally into the body cavity from this medial
foundation to produce a lamellar structure. The lamellae
were perpendicular to the longitudinal axis of the gonad and
macroscopically visible in all ovaries containing developing
light colored eggs. The transverse lamellae were clearly
visible in the spent ovaries of shovelnose, a condition also
noted in lake sturgeon, A, fulvescens, {(Magnin, 1966a). This
lamellar structure is also present.in paddlefish, Polydon
spathula, (Larimore, 1950), and Atlantic sturgeon, A,

oxyrhynchus (Magnin, 1962) .

Another structural feature commen to shovelnose, paddle-
fish and several other sturgeon is the presence of adipose
tissue associated with the gonads (Larimore, 1950,; Magnin,

19672 and 1966c; Cuerrier, 1966). This fatty tissue 1is
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intimately associated with the gonadai tissue and the peri-
toneal covering of the gonads also envelops the associated
adipose tissue. Gonads in early stages of maturation were
associated with extensive fat bodies, but the amount of fat
decreased as the gonads developed and was almost completely
asbsent in ripe and spent gonads. This relationship between
gonadal maturation and decreasing fatty tissue has also
been observed in paddlefish and several species of sturgeon
(Larimore, 1950; Magnin, 1962; Cuerrier, 16663 . In female
shovelnose this relationship was very obvious since fat was
estimated to comprise 70-90% of the total volume of immature
ovafies or ovaries in early maturation stages.

The presence of fat created interpretation problems
during gross examination of the gonads. In the male, the
similarity in the gross appearance of adipose and testicular
tissue frequently created the false impression of a larger
testis.. In ﬁhe immature female, the ovary was a small band
of ovarian rissue along the dorso-lateral face of the exten-
sive fatty mass. Since fat under gross inspection resembles
tesricular tissue, the immature female could be mistaken.for
2 male. However, closer inspection of the tissue under low
power (100 X) of the microscope revealed the more translucent
ovarian tissue and ococytes. The absence of fat helped distin-
guish spent from developing ovaries.

As the gonads maturé the corresponding decrease in fatty
tissue associated with the gonads suggesté that fat serves

as a source of energy and material for maruration of the sex
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cells. Cuerrier (1966) and Magnin (1962) declared that the
adipose tissue apparently contributed directly to the devel-
opment of the gonads in the lake sturgeon.

Ripe ova are released into the body cavity from the
gymnovarian ovary and entex thé paired oviducts through
ostia. The oviducts fuyse at the posterior end of the body
cavity to form & short urogenital sinus and the eggs are shed
through a single urogenital pore 1ocated immediately caudad
to the anus. Txrernally +his double oriface structure (the
vent) measured 5-6 Tt wide and 7-8 mm long. No external
sexual dimorphism was detected in this structure.

The structure of the shovelnose oviduct which 1is present
in both sexes, was rather unique. The major portion of an
oviduct consisted of a thin-walled sac located in the extreme
dorsal portion of the body cavity just lateral to the mesen-
tery supporting the gonads (Figure 12). The anterior one-
third lay alongside the gas bladder while posteriorly the
cwo ducts met at the dorsal midline but remained separate
along most of rheir length. The dorsal and lateral walls oI
rhe oviduct adhered to, OT may.have bheen continuous with,
the peritoneumn covering the gas bladder and body cavity.

Thé ventral wall consisted of a very rhin transparent mesen-
tery extendiﬁg from the lateral body wall to Che.gas bladder,
and more posterieriy)-to rhe mesentery at rhe dorsal midiine.
The overall appearande wag that of a thin-walled expansible

ginus .

In shovelnose the ostia of both sexes Were situated



Figure 1Z2.

Figure 13.

Ostia and oviduct in gravid female shovelnose

sturgeon (50.7 cm fork length) captured in the
Missouri River study area on 4 June 1970. The
fish is oriented ventral side up with head to

rhe left and the right ovary displaced over the
air bladder. The light colored wooden dowel 1is
inside rhe oviduct. Numbered units are centi-

meLfers,

Ostia, oviduct, and vasa efferentia in ripe male
shovelnose (50.5 cm fork lengch) captured in the
Missouri River study area on 4 June 1970. The
fish is oriented ventral side up with head to the
left. The dark wooden dowel is inserted into the
ostia pointing towards the oviduct. The numerous
vasa efferentia are traversing from the lefc
testis dorsally towards the kidney.
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lateral to the gas bladder at least two-thirds of the dis-
rance from the bladder's anterior end. The location of the
ostia is similar to that in the Atlantic sturgeon (Ryder,
1850) . The tissue forming the funnel was more substantial
than tissue forming the ventral oviduct wall, and the funnel
projected into the oviduct. The collapsible apex of the
funnel evidently acts as a one-way valve since fluids or
eggs within the oviduet could not be forced anteriorly into
the coelom. The ostia in\the male was less developed than
in the female. The diameter of the funnel mouth in the
fémale and male shown in Figures 12 and 13 was 15 mm and
7 mm, respectively. The funnel length from mouth to apex
was 15 mm and 8 mm, respectively. Measurements from females
in different stages of maturity were variable since the ostia
are quite flexible. However, the ostia and oviducts in an
immarure female resembled those of the male shown in Figure
13 more closely than those of the spawning female. .In four
shovelnose (male spawner, female spawner, female déveioper
and hermaphrodite) used for detailed analysis of the oviduct,
the total length from the ostia to the urogenital pore aver-
aged 85 mm (range 79-50 mm) or 16.4% of the total length of
the fish.

The oviducts, clearly discernible in the males, don't
have a reproductive function. Macroscopically the male

gonoducts cannct be followed completely but numerous vasd

efferentia were visible departing dorsally along the entire

length of the testes (Figure 13). Near the dorsal body
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wall they turned slightly caudad, probably connecting with
the archinephric duct through conscripted kidney tubules.
Although microscopic evidence was not available, the male
ducts in shovelnose appeared to agree with those in lower
actinopterygians described by Romer (1962) and Hoar (1969).
Accordingly, the archinmephric ducts conduct both sperm and
urinary wastes, the testes connecting to these ducts via the
kidneys. 1In the European and Atlantic sturgeon, tubules in
the anterior three-fourths of the kidneys serve for both
sperm and urine transfer whereas in the sterlet, A. ruthenus,
only the anterior one-third serves this dual purpose (iMagnin,

1962) .

B. REPRODUCTION IN MALES

1. Microscopic Anatomy of the Testis

Internally ﬁhe testis was composed of a compact mass of
seminiferous lobules which wera.branched and convoluted with
no obvious orientétion, Therefore, the appearance of the
lobules was very similar in both longitudinal and cross-
sections of the testis. FElongate fibroblasts and small cap-
illaries were found between the thin walls of adhering lob-
ules. Connective tissue, interstitual cells, and numerous
blood vessels formed the stroma in larger interlobular spaces.

The interstitual cells in shovelnose are apparently

similar to interlpbular inrerstitual cells reported for

river lamprey, Lampetra fluviatilis, (Hardisty, Fothwell and

Steele, 1967),paddlefish, (Larimore, 1950}, and Clupea
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sprattus and Latimeria {Marshall and Lofrs, 1958). 1In some
fish Leydig cell homologues are distributed in the lobule
walls rathef than in the interlobular spaces. These, re-
ferred to as '"lobule boundry cells', are present in brook

trout, Salvelinus fontinalis {(Henderson, 1962), lake chub,

Couesius plumbeus {(Ahsan, 1966) and in Lsox lucius,

Salvelinus sp., and Labeo sp. (Lofts and Marshall, 1957;

Marshall and Lofts, 1956).

In earlier stages of maturation the germinal epithelium
consisted of primary and secondary spermatogonia which lined
the lobules (Figure 14). Later the epithelium became less
distinct as the lobules filled with nests of spermatogenic
cells. Although these nests were distinct the very thin
connective tissue enclosing each nest was obscure. Each nest
arose from repeated divisions of a single cell and subsequent
divisions within that nest were synchronous. Therefore, all
cells within one nest belonged to one spefmatogenic stage.
Within a single lobule several nests were present, each
maturing independently, so that several stages of spermato-
gensis were found in one lobule. The occufrence of lobules
(or tubules) containing nests of synchronously dividing
spermatogenic cells derived from a single goniallaell is
typical of early spermatogenesis in other fish species.

Primary and secondary spermatogonia were easily distin-
guished. Primary spermatogonia measured 10 to 11 u in diam-

eter and usually occurred as single cells with an obscure

cell membrane (Figure 15). The lightly staining nuclei were
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spherical (mean diameter of 6.0 u) to elliptical (4.5 teo

8.0 ) and contained one nucleolus, typically found near the
periphery. The scant nuclear chromatin was also peripherial
in most cases. Secondary spermatogonia were usually spheri-
cal and smaller than primary spermatogonia, with an average
diameﬁer of 9.6 u. Their spherical nuclei contained one oOr
two centrally located nucleoli, averaged 5.7541n diametér,
and had a reticulate arrangement of heavy chromatin strands.
These cells divide mitotically to form primary spermatoéytes,

Large numbers of spermatocytes were present in shovel-
nose testes only during a brief melotic phase which occurred
during August and September. The dramatic increase in cell
division during this phase quickly filled the lobules with
cells in many stages of spermatogenesis (Figure 16) . Nests
of spermatocytes decreased rapidly thereafter, and by Novenm-
ber most nests contained spermatids and spermatozoa. Very
few spermatocytes remained in the lobules by the following
spring.

A few male shovelnose collected at the beginning of this
meiotic phase had testes with only a-few nests of spermato-
cytes. These early nests of primary spermatocytes contained
nuclei averaging &.45 u in diameter. The lobules then
quickly filled with nests of spermatocytes, usually with 30
or more cells, and numerous meiotlc stages couldlbe observed
(Figure 16). No attempt was made to clearly differentiate
between primary and secondary spermatocytes bécause of the

numerous meiotic configurations and continuous size range of
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the spermatocyte nuclel. In addition, the secondary sperma-
tocyte is transient and rarely seen in its resting state
(Weisel, 1943; Ahsan, 1966). The spermatocyte nuclei pro-
gressively became more basophilic and decreased in size as
the spermatid stage was approached. The spermatocyte nuclei,
had no nucleoli, were much more basophilic than in the sperma-
togonia, and filled most of the cell (Figure 16). Ahsan
(1966) and Weisel (1943) described spermatogenic cells in

the lake chub and sockeye salmon, respectively, and reported
ample cytoplasm and aucleoli in the secondary spermatogonia
but the primary spermatocytes had little cytoplasm and no
aucleoli. This agrees with the interpretation of spermato-
genic cell differentiation in shovelnose.

Larimore (1950) described paddlefish resticular cells
which were similar to shovelnose secondary spermatogonia, but
referred to them as primary spermatocytes. Otherwise, paddle-
fish and shovelnose testicular cells were very similar. The
14 male paddlefish examined by Larimore (1950) were all taken
in April or May. At this time of the vear the actively
maturing shovelnose testes were filled primarily with sper-—
matids and spermatozoa and few spermatocyte nests wWere
nresent. If paddlefish have a brief but active meiotic phase
in late summer as in the shovelnose, then there would have
been few sﬁermatocytes present in Larimore's collections.

Tt is possible, therefore, that Larimore (1950) did not make
the correct distinction between spermatogonia and spermato-

cytes.
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In shovelncse, large clusters of spermatids were located
centrally in the lobule. They initially appeared as cells
with dense spherical nuclei 2 to 3 u in diameter with lictle
cytoplasm (Figure 18). As spermiogenesis proceeded the nest
walls disintegrated and the nuclei became irregular to cres-
cent shaped as the chromatin converged to one side. lMature
spermatids appeared as short 1 u diameter rods.

Spermatozoa coccurred in compact groups staining deep
blue to black with Delafield's hematoxylin. The early sper-
matozoa remained in dense arrays for several months but
became more loosely organized as the spawning season
approached. Within the clusters they were frequently
oriented in the same direction with parallel flagella and
rhe heads fanned out in a parachute-like cluster (Figure 17
similar to those described in perch (Turner, 1919) and blue-
gill (James, 1946). In a fresh milt smear from a spent
shovelnose taken July 2, 1970, the lengtﬁ (head and mid-
piece) of the spermatozoa averazed 7.7 u with extremely long
flagella of 40 to 45 u. The head was tipped with a small
round structure probably containing the acrosome. In stained
material the body was of similar size, the 1 # mid-piece less
basophilic than the head, and the flagella appearéd much

shorter, probably because of incomplete staining.
2. Reproducﬁive Stages

Based on macroscopic and microscopic examinations of 309
restes collected from May 1968 through November 1969, the

reproductive cycle of male shovelnose was divided into six



testicular stages:
Stage 1. Immature Testes
IT1. Developing Testes
I11. Spermatogenic Testes
1V. Prespawniﬁg Testes
V. Spawning Testes
VI. Spent Testes
The testes used for microscopic analyses were taken from 100
males captured between April 15 and November 24, 1969.

a. Tmmature Testes: Stage I (Figure 18). Only two
shovelnose were considered immature and thelr agssignment to
this stage was questionable because, microscopically, these
Stage I testes were very similar to developing (Stage IIL)
restes. They were considered immature primarily because the
fish were small and a large amount of adipose tissue was
associated with the testes. These males were the smallest
shoveinose captured, and the only fish less than 40 cm fork
length. They were 35.4 and 37.2 cm long and weighed 191 and
149 g, respectively. Only 10 of 563 processed shovelnose
weighed less than 300 g. Eight of these were males and five
of the eight were definitely mature since they were either
captured in ripe condition (determined by macroscﬁpic exan-
ination) or examined microscopically. A sixth male was
assigned to Stage II on the basis of testicular gross mor-
phology and the remaining two were assigned to Stage I.
Macroscopically, the immature testes were narrow yellowish

bands situated along the dorso-lateral surface of large,
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lighter colored, fat bodies. The adipose tissue comprised
85-90% of the total cyoss-sectional area. Helms (1973) also
described immatureé testes 1in shovelnose from the Mississippil
River as narrow yellow bands, and found the testes formed
less rhan 5% of the volume of the gonad-fat body complex.
Microscopically, immature testicular tissue was compoéed of
aumerous compact lobules with mno Jumina. The peritoneal
lining over the resticular tissue was continuous over the
adipose tissue (Figure 18). The hisiqlogical appearance of
the two shovelnose testesg regarded as ifmmature did not resem-
ble those of immature catfish and chinook salmon sent for
comparison by Mr. Lafayette Eller from rhe Fish-Pesticide
Research Lab in Columbia, Missouri. In the catfish and salm-
on, the lobules were widely spaced and they appeared as
islands separated from each other by relatively wide expanses
of stryomal tissue. The lobules in the shovelnose, on the
other hand, were compact.and each lobule was in direct con-
tact with at least &hrée or four others. The lobules in
shovelnose also appeared to be more developed and filled
primarily with secondary spermatogonia.

Since the testes assigned as immature were very similar
microscopically to developing testes, and no testes were
available from sturgeon known to be immature, the assignment
of testes to Stage I 1is questionable. The available evidence
indicates that small males whose testes are associated with
large amounts of adipose Cissue are either immature or ma-

ruring fish which are belng recruited inte the breeding
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population. Regardless of which interpretation is correct,
it was apparent that few small shovelnose existed in this
section of the Missouri River (at least my extensive sampling
failed to capture small sturgeon). During 1968 and 1969
reliable length measurements were obtained from 3992 sturgeon
and only 34 or 0.85% were less than 45 cm in fork length.

The paucity of small shovelnose certainly was not entirely

a result of sampling bias. Attempts were made to sample all
available habitats within the study area with several types
of gear. The only habitat which was not extensively sampled
was the deep water zones within the main channel. However,
shovelnose probably spend three or more years as immatures
(Zweiacker, 1967; Helms, 1973) and it is doubtful that imma-
rure fish would spend this entire period within a restricted
habitat such as the main channel.

b. Developing Testes: Stage 1T (Figure 14). Shovel-
nose with Stage 11 testes weTre collected from the river during
every month of the year. Young males pass throﬁgh Stage 11
as they mature and some spent males apparently revert to this
developing phase before spawning again. Developing testes
were narrow bands of yellowish-white to gray resticular tissue
associated with fat bodies which usually comprised less than
50% of the gonad—adipose.structure. Stage II testes, with
rare exceptions, had a gonosomatic index (GS1) of less than
1.0 (Table 21). Shovelnose assigned to Stage 1T ranged from
44 to 53 cm in fork léngth with a mean weight of 403 g. The

restes contained compact well defined lobules (Figure 143 .




mable 21. Relationship of gonosomatic index, fork length,
. and body weight to reproductive stages in mature
male shovelnose sturgeon nrocessed in 1969, lMales
of uncertain reproductive stage were excluded.

Zady Weight {8}

Mumber T
Beproductive Stage- of Fish + Maan + 1 8D Range
peveloping i J2dos9.2 B 228 LGo- %31 ag3dll o+ 67 8 227 - 546
Spermatogeneyis 12 97 53.5 + 3.G3 48.0 - 34.3 4437 % 137.2 326 - 822
Prespawnlng 23 13 4%.8 * L.60 A7T.0 - 330 L37.4 + 5%.0 312 - 58
Spawning 52 37 50.% ¢ 2.89 44.7 - 59.3 4bh.i b 93,00 M9 - 751
Spent i 93 31,4+ £.36 &1.2 - 7301 530.8 + 1359.8 376 - 1788

x
GST = {Gonad weight/body weight) x 190,

**sp = Svandard deviacion.
Most lobules had either no lumen or a small one. A rela-
rively dense strema of connective and vascular tissue filled
rhe interlobular areas. During this stage the spermatogonia
proliferate mitotically producing the cells which undergo
spermatogensis in larer stages. Mitotic nucleli were never
abundant, suggesting & slow but continous increase in sperma-
togonia. In most Stage 1T testes the majority of the gonial
cells were secondary spermatogonia located either in small
nests or singly, but some primary spermatogonia and sperma-
tocytes were always present. Spermatozoa and spermatids were
seldom pfesent, occcurring only as residual entities from the
proceeding spawning season.

c. Spermatogenic Testes: Stage T1I (Figures 15 and
16). This brief but prolific growth phase occurred from
August through October. MNearly every lobule was filled with
actively dividing spermatocytes'undergoing melosis, sperma-
rids, and developihg spermatozod. Farly Stage 111 testes
resemble Stage 11 testes macroscépicaliy, but they enlarged

rapidly to form relatively large, light gray to white testes



characteristic of mature fish. Adipose tissue formed only

a small portion (usually less than 15%) of the gonad in late
Stage III males. The GST of early Stage III restes was less
than 1.0, but it increased dramarically as spermatogensis
continued. Most Stage III males had GSI indices between

0.5 and 3.5. The largest GSI recorded for a Stage 111 male
was 5.6, for a specimen collected in late August 1968. The
largest GSI for 1969 males was 4.9 (Table 21).

Farly Stage III testes contained a few active sperma-
rogenic nests. However, lobules quickly increased in size
as they became filled with active nestCs (Figures 15 and 16).
The lobule walls were thin during this periocd and interlobu-
lar areas also decreased iIn size. The majority of the stro-
mal tissue was located in spaces where three or more lobules
abut each other. Spermatocytes with nuclei undergoing meioc-
sis occurred in large nests and filléd most of the testes.
Nuclei in leptotene (MPN melotlc prophase nuclei) and later
meiotic configurations were COUION (Figure 16). As Stage III
continued the number of spermatid nests increased rapidly.
Although spermatids were more centrally located witbin_the
lobule there was no radial sequence of maturing nests within
a lobule. The lumina increased in diametexr as spermatids
were 1iberated from the cyst walls. Spermiogenésis began
shortly after the testes entered Stage IIT since a few nests
of spermatids were observed earlv into Stage IIL. As matura-
rion progressed dense clusters of spermatozoa lncreased in

sbundance while the peripherally located spermatogonia




apparently decreased.

d, Prespawning Testes: Stage IV (Figure 17). Since
the preceeding Stage III was of short duration most actively
maturing males were in Stage IV by early October! The GSI
was greater than 1.0 (Table 21) and the tesces were large,
light gray to white organs.

After most lobules were filled with clusters of sperma-
tozoa rather than active spermatogenic nests, the testes wefe
assigned to Stage IV. Spermiogensis was now the principal
activity. The lobules were larger than in the preceeding
stages and the lumina diameter continually increased as sper-
matids and spermatozoa matured. The strongly basophilic
clusters of spermatozoa remained relatively compact and the
lobules walls appeared exrended (Figure 17y . A few sperma-
togonia were present. The remaining nests of spermatocytes
and early spermatids interrupted the uniform masses of sper-
matozoa and became‘progressivelyrless abundant as spermio-
gensis progressed. By late November the testes were almost
completely filled with spermatozoa. Over the winter months
(December to March) spermatogenesis waé essentially arrested
as the testes went into a dormant phase in December.

e. Spawning Testes: Stage V (Figure 19) . From
January until spawning occurred all testes packed with sper-
marozoa were assigned to Stage V. Since spermatogenesis was
nearly completed by December and no discernable histological
éhanges occurred during the inactive mid-winter period, Stage

V was arbitrarily set to start with the calendar year.



Renewed spermatogenic activity was observed in the
spring and as spawning rime approached changes in testicular
gross morphology were.evident. The testes were large creamy
white, soft organs. The wvasa efferentia became distinct as
white tubules in the mesorchia (Figure 13). Liccle adipose
rissue was associated with these testes. Spawning activity
peaked in June but commenced as early as late May and extended
into early July. The GSI remained above 1.0 with rare excep-
rions and the mean for Stage V testes wWas 1.83 (Table 21).

A fewy spermatogenic nests remained in spring testes, but
as the spawning season approached clusters of spermatozoa
became less compact and the already uncommon nests of sperma-
tids and spermatocytes decreased even more. The lobule walls
rhickened slightly as spermatogonia, mainly primary spermato-
gonia, began to increase (Figure 19). As males became ripe
some lobules increased in size as they conducted spermatozoa
towards the efferent ducts, and in limited areas adjacent to
the efferent ducts the lumina began toO empty. When this
occurred the temsion on the lobule walls was reduced, the
epithelium thickened, and the spermatogonia became more obvi-
ous .

f. Spent Testes: Stage VI (Figures 20 and 21).
Spent testes of Shovelnose.retained the creamy white color
of the ripe testes and did not exhibit much hemorrhagic
tissue, i.e. appear ﬁbloadshot”. However, they became flaccid
and much smaller than the turgid Stage YV testes. A compari-

son of spawning and spent testes volumes indicated a
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reduction usually exceeding 50%. Spent testes were the same

size as Stage II testes and mean ST values were similar for
both stages; 0.68 and G.67 (Table 21). Freshly spent testes,

however, had little adipose tissue, were lighter colored,

and much softer than developing testes. The GST of spent

restes was usually less than 1.0.

The largest portion of spent testes was occupied by

lobules which were collapsed and elongated, either empty OT

partially filled with residuél spermatozoa (Figure 20) . The

germinal epithelium thickened rapidly forming a complete

lining within the lcbule wall (Figure 21). While primary

spermatogonia were numerous, secondary spermatogonia very

rapidly became the most abundaﬁt cell type. In most spent

s residual spermatozoa disappeared within a couple of

teste
months. Testes taken in October and November with residual
spermatozoa, but otherwise very similar to Stage IT, were

classified as spent. FPhagocytic cells were not as numerous

as expected but were obvious within the lumina in some fish
(Figure 21). Apparently most spermatozoa were expelled during

spawning and this may account for the low number of.phagoéytes

observed. Residual spermatogenic nests were rare in spent

testes.
3. The Reproductive Cycle

During any month of the year LWO distinct groups of ma-

ture male shovelnose were present. One group will spawn dur-

ing the next spawning season while the other contained mature
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males that will not spawn in the next season but reqguire an
additional vyear or more to produce spermacozoa. This either
indicates that males recently recruited into the breeding
population require two or more years before spawning for the
first time, or that some mature males do not spawn annually,
or that both of the above occur. The paucity of small shovél~
nose in Missouri River collections prevented me from deter-
mining the length of the maturation process in recently
recruited males. However, since my sample consisted almost
eﬁtireiy of sexually mature fish, it appeared that male shov-
elncse don't necessarily spawn every year,

During January through May all mature males in the popu-
lation were assigned to either Stage II or V (Figure 22).
Stage II males represented recently mature fish that have not
yet spawned for the first time, and/or mature males that
probably spawned last year but did not undergo spermatogensis
in preparation for spawning during the current year. Stage
I1, as previously noted, is a period of slow but sustained
proliferation of gonial cells in preparation'for the active
meicotic phase that occurs in August.

During the Ffirst five months of the year Stage Il and V
males could be identified by wvisible characteristics and the
GSI. Stage V testes were large, light gray to white, and
had little if any adipése tissue. As the spawning season
approached the creamy white color and soft texture made them
gven more distincrive, and the vasa efferentia were conspic-

ously filled with sperm. With rare exceptions, Stage V

RS
i e

i '}».n“g‘i




"sa8eis aataonpoiadea jo sousnbos Teriusjod pue uotizanp fFuimoys
PFOUTPACYS BTeW 3injBW Jo s38els aaTionpoadsi Jo uorieiussazdex orleweideTq ‘77 oandig

132

RAJCEN
QU IHL dVdIA ON0OD4S AVHA 1S¥id

Wd Fad N0 SV LMWV W JITCLCQ N O SV I WV HWJITr
!

i H
H i ¥ ¥ Y T T T T T T I T T T i 1 1 T 1 T

]
1 i 1 H H H 1

LNIdS  TIA

ONINMVAS A
ONINMVASEEd  "AT

QINADOLVINMELS " 111
Y

llllll Ilt.!ill........!.......t..l.llu ;Afaanlnacoyllti —

A
!

ONTJOTIATZA "IT

SHOVLS
dATLONAOYd Ty




133

trestes had a GST>1.0. The smaller, vellowish to gray, Stage
11 testes usually had considerable adipose tissue and, with
rare exceptions, GSI indices < 1.0. |

During the June-July spawning season Stage 11 males
remained in the developing phase and there was no change in
morphology or GSI. Stage V testes, however, changed dramat-
ically as spawning occurred., The volume of the testes de-
creased rapidly and the GSI declined below 1.0. Recently
spent testes could be distinguished from Stage IT because
they ;emain creamy white and were softer. However, spent
testes in shovelnose don't assume the flaccid, "bloodshot"
or transparent appearance charactefistic of many other fish
species, and spent restes soon became difficult to separate
from develcping testes without microscopic analysis. 1f
large fat bodies accompanied the testes, they were assigned
to Stage II, but testes with small amounts of adipose tissue
could be either Stage IT or VL. Within a month after spawning
most spent testes were similar to developing testes in gross
morphology and GST.

By late July and early August all males were either
Stage 11 or VI, aﬁd proper jdentification required stained
sections. At this time the reproductive cycle became compli-
cated bécause.both developing and spent fish can remain in
their respective stages Or proceed to the active spermato-

genic Stage III (Figure 22). The dual fate of spent testes

was obvious in microscopic sections. Many of the testes

containing residual spermatozoa became filled with nests of
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active spermatocytes exhibiting meiotic prophase.nuclei. These
spent males were entering Stage III. Ar the same time sever-
al spent males (containing residual spermatozéa} were Ccol-
lected that had dormant testes, that is, the testes contained
mostly spermatogonia. These males‘apparently recovered more
slowly and eventually progressed to Stage II during the fall
(Figure 22). A few dormant spent males were cbserved as

late as November. The males that spawned in June or July

and then progressed into Stage III in August will spawn dur-
ing the next season and, therefore, are on an annual cycle.
Spent males that proceeded into Stage II during the fall will
remain in Stage II during the winter and spring, and then
progress into Stage III the next Summer (broken line, Figure
22).

The possible dual destiny of Stage II males during late.
summer was not as evident.as the dual pathway followed by
Stage VI males. Stage III testes which did not contain resid-
ual spermatozoa Or phagocytes were assumed to represent Stage
I1 testes pxoceéding into the active spermatogenic phase.

In addition, a decline in relative abundance of Stage II
males between spring and fall suggested that many Stage Il
males progressed into Stage III in August and September. It
was possible that all males assigned to Stage II during the
summer proceeded inte Stage IIT in August and September. If
this is the case, then all Stage II males observed during
the fall and winter must represent spent and immature males

progressing into Stage II. The scarcity of immature males,
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and the occurrence of early fall Stage TI testes with no sign
of residual spermatozoa, however, suggested that a few late
summer developing males might remain in Stage LI in the fall
(dotted line, Figure 22) . |

The Stage I males that proceeded into Stage I1l in
August did not spawn during the preceeding June-July season
but will apparentcly spawn next year. They, therefore, repre-
sent males that are probably spawning every other year, or
they are new mature males that will spawn for the first time
next vear. If a few late summer developing males remain in
Stage IT during the fall and winter they apparently represent
maies that spawn every third year.

A protracted reproducfive cycle with several years be-
tween spawnings is a common feature for other sturgeon species
(Magnin, 1962; Cuerrier, 1966; Semakula and Larkin, 1968).
Some species not only exhibit several years between spawnings,
but all members of the population are not necessarily on the
same cyéle. For example, tagging of lake sturgeon in Lake
Winnebago, Wisconsin, has shown that some males spéwn annually
while others spawn every 2 or 3 years (Wirth and Cline, 1955;
Wirth, 1958). Magnin (1966a) obtained similar results for
lake sturgeon in the Nottaway River, Canada. Literature on
lake sturgeon also suggests that the spawning cycle varies
with geographic location. Sunde (1959), working on the Nelson
River, Manitoba, indicated that males spawned every 4 or 5
years. Males in the Lake St. Pierre Region, Quebec, spawned

every 2 years (Cuerrier, 1966) while Rousscw (1957) found the
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averagé interval between spawning for male lake sturgeon in
the Ottawa River area was 7 vears. Many European and Asian
sturgeon also exhibit an extended reproductive cycle and
females typically have a more extended cycle than males
(Cuerrier, 1966).

Iﬁ the Missouri River shovelnose population during
August and early September it was impossible to distinguish
between testes in Stage II, early Stage III, and Stage VI
without histological analysis. The GST was < 1.0 for all
three stages and gross morphology was similar. However,
spermatogenesis progressed rapidly and by mid-September most:
Stage II1 testes had a GSI > 1.0. High GSI values occurred
earlier in 1968 than 1969, some ranging from 2.0 to 5.6 in
August 1968, indicating that Stage III probably started
earlier in 1968. As Stage III progressed the testes became
larger and lighter gray in color. Size and coloration were
variable, however, and may introduce some error if used with-
out the GEI. Spent testes could not be distinguished by gross
examination from developing testes in late September and
October, but spent males became developing males sometime in
the fall sc these fish had the same destiny (Figure 22).’

From October through December male shovelnose could again
be divided into two groups, based upon their spawning poten-
tial. Males with relatively large, light colored testes and
a GSI > 1.0 were in Stage III or IV and represented that por-
tion of the male population that would spawn during the next

season. Males with smaller yellowish to gray testes, varying
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amounts of adipose tissue associated with the testes, and a
GSI < 1.0 were in Stage II or VI. These fish represented
the non-spawning portion of the population (Figure 22).
Spermatogenesis in shovelnose testes was arrested dur-
ing the winter as the gonads became quiescent. This resting
phase contrasted sharply with the active production of sper-
matids and spermatozoa from August through October. In this
respect, mafuration in shovelnose was very similar to matu-

raticn in yellow perch, Perca flavescens, threespine stickle-

back, Gasterosteus aculeatus, and northern pike, Esox lucius

(Turner, 1919; Craig-Bennett, 1931; Lofts and Marshal, 1957).
All species exhibited active spermatogenesis in late summer,
an inactive winter period, and spring spawning. This cycle
'is also similar to that observed in other éturgeoﬁ, especially

the Russian sturgeon, Acipenser guldenstaedti (Lemanova and

Nusenbaum, 1968). Russian sturgeon spawn in late May and
early June in the Volga River, and during these months males
in Stages II, V, and VI are collected in the Volograd fish-
1ift. By the end of June spawning males.(Stage V) are no
longer preseﬁt but some Stage III males appear. Russian.
sturgeon, therefore, enter the active spermatogenic phase a
‘little earlier than shovelnose. In the Volga River, 90% of
the breeding males complete spermatogenesis in September and
progress into Stage IV. By March all breeding males were.in
the "completed” Stage IV, comparable to Stage V in this sctudy

(Lemanova and Nusenbaum, 1968).
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Since the Missouri River population contains a mixture
of males on 1, 2, and perhaps 3-year spawning cycles, only
a fracrion of the population spawns during one season. The
percentage of the sexually mature population that spawns
each vear was estimated by comparing the relative abundance
of spawning and non-spawning males. As previously stated,
from October through May it was possible to separate breeding
and non-breeding males by calculating the GSI (< 1.0 = non-
breeding; > 1.0 = breeding) and cobserving testicular gross
morphology. Sufficient Missourl River sturgeon Qith known
GSI were available during May, October, and November to pro-
vide adequate estimates (Table 22). Spawning males comprised
over 65% of the processed males in May, 69% in October, and
807 in November. The mean of these months indicated that
about 71% of the mature males in the Missouri River study
area spawn during a given season.

Although 717 of the mature males spawn 1n a given year,
only a portion of these spawn annually while the others are
on'a_2 or 3-vear cycle. Spent males that enter Stage III in
August-September represent males on an annual cycle (solid
line, Figure 22) while spent males not entering Stage III in
August-September plus the Stage II males entering Stage III
at the same time, represent the males on 2 or 3-year cycles.
A few males entering Stage ITT in August-September ?robably'
were entering the breeding population for the firstc time but
T believe that fraction is quite small so I assumed that

recruitment was insignificant. Unfortunately, detailed
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Table 22. Numbexr of male shovelnose sturgeon processed
during 1968 and 1969 showing proportion of males
with a gonosomatic index greater than 1.0. Males
with a GSI greater than 1.0 during April-May and
October-November represent the spawning portion
of the population.

Gonosomatic Number per Month
Index™
(GST) Apr May Jun Jul Aug Sep Get Nov
<1.0 o 11 32 19 19 4 13 6
>1.0 4 21 77 12 22 11 29 24
Total 4 32 109 31 41 15 42 30
Percentage 100 65.6 — %% — — -  69.0 80.0
with GSI
>1.0

*GSI = (Gonad weight/body weight) x 100,

nh ade
W

Spawning and non-spawning males cannot be separated on
basis of GSI during June-September.

micfcscopic examination of testes during August and September
is required to determine the percentage of males on an annual
cvele, and sample sizes were small at this time since fishing
success was poor. Only 12 Stage II1 testes were examined
microscopically, but 5 of these contained residual spermato-
zoa. Assuming that all spent males entering Stage_III were
recognized, 42% (5/12) of the Stage III males were on an
annual cycle. The remaining Stage III males and the spent
males remaining in Stage VI were on a 24or 3-year cycle.
Therefore, considerably-fewertban 42% of the eﬁﬁire maié pop-
ulation was spawning annually. If we assume that about 30%
of the males spawn ahnually and that the rest spawn bienni-
ally and are distributed randomly so that half (35%) spawn

each yvear, then this indicates that about 65% of the males



spawn in any one year. Ihis latter estimate of 65% is close
ro the 71% estimated previously.

The annual variation in the GSI for male shovelnose
from the Missouri River is shown in Figure 23, One plot
(the solid line) was based on the GSI ﬁalues for all males
processed in 1968 and 1969 (Table 22), including breeding
and non-breeding mature fish. This curve, therefore, is not
directly comparable to_plots seen in the literature for fish
species that spawi annually. In order to obtain a curve -
more representative of a true annual cycle (Figure 23, che
dash line), non-breeding males were excluded during April-
June and in October-November by excluding fish with a GSI
less than 1.0 during these months. By using June, some er-
ror wWas introduced because spent males (breeding fish) might
have been excluded. However , the 1969 June samples examined
microscopically contained few spent males with a GSI below
1.0 so the error was minor.

Gonosomatic indices for male shovelnose ranged from
0.25 to 5.64. Lowest indices were observed during the sum-
mer after spawning while highest indices were recorded dur-
ing Augustaﬁctober; at the completion of the active sperma-
togeﬁic Stage 111. The small decrease in the GS1 between
.May and June for breeding fish (dash line, Figure 23) sug-
gested that & few male shovelnose may discharge spermatozoa
during May. The occurrence of ripe males in the field by
early June in hoth 1968 and 1969 supports che possibility

that a few fish could spawn in May. The sharp decline in
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Figure 23. Seasonal variation in gonosomatic index of male

shovelnose sturgeon collected from the Missourl
River,South Dakota in 1968-1%969. Solid line

~represents GSI for all male shovelnose, including

both breeding and non-breeding fish. Dash line
represents GSI of the breeding portion of the

male population. Vertical line shows + 1 standard
deviation. '
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GST between June and July correlated with the high occurrence
of ripe males in June field samples and the appearance of
spent males in July collections.

July and August GSI values were markedly lower than
September and October values. The increase, especially be-
tween August and September, reflects the rapid increase in
the volume of the testis during active spermatogensis. The
steep slope emphasizes the rapidity of this phase. GSI val-
ues in excess of 4.0 were observed only during the August-
Ocﬁober period. The decrease in the average GST between
October and November could not be explained by microscopic
analysis. Spermiogenesis occurred during this period, but
this would not account for the observed drop in the G5I.
Adipose tissue associated with the testes could be an impor-
rant factor here. If fat is utilized heavily in the early
winter for maturation of spermatbzoa or some other physiolog-
ical function, it could account for some of this decrease.
Cuerrief (1966) implied that adipose tissue was utilized for
maturation of spermatozoa, but he did not indicate when uti-~
lization was highest. However, Cuerrier (1566) reported that
the greatest amount of fat was found on the Stage TI1 testes
and decreased thereafter.

Male shovelnose were not collected during the winter,
but late November testes were essentially jdentical to April
testes based on stained sections. Average GSI values for
breeding males in November and April were 1.93 + 0.42 and
1.87 + 0.26, supporting the theory that winter was a quies-

cent period.
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C. REPRODUCTION IN FEMALES

The reproductive cycle of female shovelnose was divided
into six stages corresponding closely to those used for males.
In both sexes Stage [ represented the immature individuals
and Stage VI spent fish. Stage IIL, the developing stage, was
regarded as the initial step in the cycle for mature fish.
Stage III, the spermatogenic phase in males, was the vyolk
deposition phase in females while Stages IV and V represented
shovelnose in the fall and spring, respectively, that were
‘approaching spawning condition. The maturation cycle for
females was based upon the microscopic analysis of ovaries
from 111 females processed in 1969 and macroscopic compari-
sons between these ovaries and an aéditional 134 ovaries
collected during 1968 and 1969. This comparison technique
provided a reliable method for determining female reproduc-
tive stages without requiring stained sections and was based
primarily on gross morphology and the size of the largest
eggs within the ovary.

The six reproductive stages used in this study coin-
cided closely wicth those established by Loukine (1941) and
Moltchanova (1941) for the Russian sterlet, A. ruthenus.
Loukine (1941) also included a Stage O which_he considered
to. be indistinguisﬁabie ovaries and testes since both gonads
appeared as narrow semitransparent bands. Stage‘O gonads
were never seen during this study and only.a few-Stége I

females (dmmature) were collected.



1. Microscopic Anatomy of the Ovary

Oogonia and ooccytes are located within transverse la-
mellae (Figure 24) which extend into the body cavity from a
medial foundation of dense connective, vascular, and smooth
muscle tissue. The peritoneum covering the medial foundation
is continuous over the entire organ, including any adipose
tissue associated with the ovary.

Qogonia usually occurréd in ciustefs within a germif
nal epithelium, frequently interspersed among oocytes adja-
cent to the lamellar border (Figures 25 and 26). These clus-
ters varied in size from a few oogonia to 50 or more and were
present during all stages of the reproductive cycle. They
were common in immature, developing, and spent ovaries.
Although oogonia became less obvious as the ovaries approached
épawning condition it was difficult to tell if they actually
decreased in number. The apparent decrease could have been
an illusion created by the marked decrease in the relative
volume of the germinal epithelium and stromal tissue as the
ovéry filied with maturé ococytes.

Most cogonia were between 8 to 12 u in diameter (mean
diameter = 9.7 u). They were grouped in clusters but remained
nearly spherical (Figure 26). The cytoplasm, which stained
lightly in hematoxylin and eosin, was surrounded by a deliéate
cell membrane. The spherical, centrally located nucleus
(mean diameter = 5.9 #) contained chromatin granules sur-
rounding a single prominent nucleoli. Investing cells, sim-

itar to those described in the sea lamprey, Petromyzon marinus,
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(Lewis and McMillan, 1965), were found within the oogonial
clusters. Their irregularly shaped nuclei contain 2 slightly
denser chromatin than oogonial nuclei. The investing cells
are dispersed among the oogonia, and larger ones are fre-
gquently curved to follow the circumference of the oogonia.

In sea lamprey and a few teleost species, the mitotic
proliferation of cogonia is completed prior to sexual manw
rity (Zuckerman, 1962). More commonly however, mitosis
continues during sexual maturity to produce new oogonia, as
for example in crappies, Pomoxis spp. (Cooper, 1952); brook

stickleback, Eucalia inconstans (Braekevelt and McMiilan,

1967); Mummichog, Fundulus heteroclitus (Matthews, 1938);

and paddlefish (Larimore, 1950). Shovelnose apparently
belong in the latter grouﬁ. Mitotic figures were observed in
rhe ocogonia but were relatively infrequent.

The transition from oogonia to oocyte was initiated by
an increase in size of the germ cell. Within a cluster only
a few oogonia underwent this transition at any given time
(Figure 26). Primary oocytes were about twice the size of
cogonia when meiotic figures first became obvious. Various
stages of prophase were recognized in the early primary
cocytes but none of the later stages of prophase were seen.
These oocytes evidently entered the arrested diplotene stage
cﬁaracteristic of yvolky vertebrate eggs (Zuckerman, 1962) .
When this occurs, the nucleus returns to a condition resem-

bling interphase and meilosis is not completed until shortly

before ovulation.




After the initial transition ococytes grew rapidly.
Qocytes less than 150 g in diameter usually contained a few
prominent basophilic nucleoli and a granular basophilic
cytoplasm (Figure 27). The cytoplasm became less granular
and more basophilic as the oocyte matured and many additional
nucleoli appeared along the periphery of the nuclear membrane,
(Figure 25). OQOocytes in an immature ovary were frequently
located near the peritoneum covering the ovary and adipose
tissue formed a major portion of the gonad (Figure 24). As
the ovaries matured the oocytes enlarged, became more numer-
ous, and filled the bulk of the ovary (Figure 25). Concur-
rently, the gross appearance of the ovary assumed a lamellar
structure with compact leafy folds. These folds were obvious
during Stage II and Stage III (vitellogenesis) and again in
the spent ovary, but in a gravid ovary the lamellae were ob-

literated by the abundant large oocytes.
2. Reproductive Stages

The ovarian external morpholégy exhibited more obvious
changes than the testes as they matured. Therefore, after
the reproductive stages were defined using microscopic anal-
ysis I was able to develop a technique for identifying the
repréductive stages without using stained sections. Identi-
fication was based on gross morpholegy and the size of the
largést oocvtes. Although the female GSI had a wider range
(0.3—21.2) than males (0.3-5.6), it was not a good distin-
guishing character since females in Stages I, I1I, and III

had overlapping GSI values, and all three stages were present
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in collections throughout the year.

The size distribution of ococytes within stained sections
from ovaries in the six maturation stages indicated that all
ovaries contained oocytes in the 100-400 g diameter size cat-
egory (Figure 28). However, most ovaries also had a distinct
group of larger oocytes and the oocyte size distribution was
bimodal for Stages III, IV, and V. Measurements of the larg-
est oocytes on stained sections indicated that the largest
oocyte size was a good indicator of ovarian reproductive
stages. There was overlap in the sizes of the largesﬁ eggs
between some stages, especlally between Stages I1 and VI,
but in these cases differences in ovarian gross morphology
permitted positive jdentification of the reproductive stage!

The potential of identifying reproductive stages utiliz-
ing sizes of the largest oocytes prompted an examination of
presexrved ovaries. Eggs were teased from presérved ovaries
and then measured with a binocular dissecting scope fitted
with an ocular micrometer. This procedure was easier than
preparing histological sections and produced comparable
results (Table 23). Oocyte diameters from preserved ovaries

were larger than those determined from stained material

because:

a) Diameter measurements of preserved ococytes
included the membranes adhering to the ococyte,
while measurements from stained sections ex-
cluded the follicle and conjunctive tissue.

b) Absolute maximum diameter was not measured in
stained material unless the section contained
a mid-plane section of the cocyrte.
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Figure 28. Histograms of oocyte diameter frequencies within:
the six reproductive stages of shovelnose stur-
geon. Measurements were taken from 10 4 sections
of ovaries imbedded in paraffin. Sturgeon were
collected from the unchannelized Missouri River,
South Dakota. Oocvtes less than 30 it were
excluded.
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¢) Some shrinkage, in addition to cthat caused by
preserving, occurred during imbedding and
sectioning.

d) Stage IV and V ovaries were difficult to sec-
tion and mid-plane sections were limited.

Table 23. Diameter (x) of the largest oocytes in shovelnose
sturgeon ovaries at the six reproductive stages.
Sturgeon were collected from the anhannellzed
Missouri River, South Dakota, and ovaries were
preserved in 10% buffered formalin or Bouin's

solution.

Microscopic Whole Preserved

Sections Oocytes

Sample Mean Range ~ Mean Range

Reproductive Stage Size (1) ey (1) - )
Immature 25 209 185~ 230 306 250~ 425
Developer 50 410 300- 525 522 400~ 675
Yolk deposition 50 761 180-1330 953 450-1500
Prespawning 25 1525 1350-2218 1893 1609-2252
Spawner 25 2045 1688-2550 2608 2359-2824
Spent 50 359 255~ 435 5G0 375- 625

a. Immature Ovary: Stage I (Figure 24). Although
identification of immature male shaovelnose was tentative,
smmature females were identified with confidence. Oocytes
between 100-200 g in diametef accounted for over 60% of the
eggs in Lmmaturs ovaries (Figure 28). The diameter of the
largest cocytes averaged about 210 ¢ (in stained sectlons)
in contrast to a mean diameter of around 410 and 360 u# in
stages of mature shovelnose (Stages II and VI) that also
have small eggs (Table 23). The external morphology was
alse distinctive since the lamellar structure did not become
obvious until females attained maturity.

_The immature ovary was intimately associated with a

relacive Ly large fat body that looked superficially similar
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to an early mature testis. Indeed, the whole structure
locked like a testis and, as mentioned earlier, could be mis-
identified. The ovary proper was represented by a thin ridge
of ovarian tissue, situated along the dorso-lateral surface
Of'tﬁe fat body. Some eggs could be detected with a dis-
secting scope but were not discernible to the unaided eve.
The GSI of immature ovaries (which included the fat tissue)
averaged 1.8 (range of 0.5-3.1).

Oocytes and clusters of oogonia in immature ovaries were
frequently located along the periphery of the gonad (Figure
243, but in some cases filled much of the ovary. The larger
oocytes (around 200 g diameter) had a central nucleus con-
taining numerous, deeply baéophilic, nucleoli located around
the periphery of the nucleus. Adipose tissue formed a major
portion cof the gonad in some immacure females.

Three thin membranes or cell layers could be distin-
guished around the largest oocytes. Immediately adjacent to
the cocyte membrane were small elongated nuclei of follicle
cells, each separated by a distance about equal to their
length. External to the follicle layer was a thin (<1 )
homogeneous layer that stained clear blue in Mallory's Triple
Stain. This layer adhered to the follicle layer so closely
that the follicular nuclei seemed to be partially imbedded
within it. The outer third layer consisted of loose connec-
tive tissue which was continucus with the stromal tissue of
the ovaryv. This outer stratum, referred to as the conjunctive
tissue by Meltchanova (1941) could also be termed the theca.

Only 5 of 245 processed females were identified as




153

immatures. This supports the hypothesis, made eariier in
the male discussion section, that few small shovelnose are

present within this section of the Missouri River.

b. Developing Ovary: Stage 1T (Figure 25). The
light gray to white Scage I1 ovaries were always associated
with yellow adipose tissue. The amount of fat varied but it
usually formed 25-50% of the ovarian volume. Lamellae were
evident as compact leafy folds along the lateral surface of
the ovary and some oocytes, exceeding 0.5 mm diameter also
were visible. The GSI ranged from 0.75-4.46 and averaged
1.78 (Table 24).

Stage I1 ovaries were collected during every month of
field sampling and accounted for 33% of the females processed
during 1968 and 1969. This developing phase represents a
period of ococyte proliferation and growth prior to yolk depo-
sition. The ovaries of both immature and spent sturgeon
apparently progress through Stage II prior to spawning. Ova~-
ries with gross morphology typical of Stage II, except with
less fat, are collected in the fall and probably represent
spent ovaries entering Stage II.

Most of the occcytes in Stage II ovaries were between
100-400 i in diamecter (Figure 28), but the largest measured
400-500 i (Table 23). Many Stage II ovaries had densely
packed oocytes and well developed stromal tiséue, especially
fibrous connective tissue (Figure 25).  In some ovaries,
howeﬁer, cocytes were sparse and adipose rather than stromal

rissue was common. Clusters of cogonia were common. The
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Table 24. Relationship of gonosomatic index, fork length,
and body weight to reproductive stages in mature
female shovelnose sturgeon processed in 1968 and

Concgomaclie Index® Fork Length {om} Body Welghu (g)
X Humber
Réproducrive Szage of Fish HMean + 1 SDew Rangze Mean + 1 SO Range Mean + 1 5D Range
Ceveloping 73 178 +0.83 .75 - 4,40 531.5 + 3.00 418 - 61,7 &73.5 + 104,73 219.7 - l0I0.6
Yolk deposition 48 2.79 + 117 085 « 5.8% 315 4 2.6% 47.0 - 8.6 4757 + 3%.i6 3189 - Fi9.¢
Prespawning 1% G.60 + 2,66 5.50 - 15,07 3L.3 + 3,02 469 - B3 1 512.0 + 148,36 3473 - 13041
Sgawning % 15.42 + 3.37 7.97 - 22,34 321 ¢ 3,06 47.6 - 604 542.9 + 160.37 389.8 - 12887
Spent k1N 1.54 + 0,81 0.89 - 3.70 SL.L % 2.20 &7.2 « 55,13 403+ 64,59 1326.0 - §45.0

53T (Gonad welght/body weight) » 1og.

Le
$D = Scandard deviation.

basophilic stain in the cytoplasm reached a maximum intensity
in oocytés around 300 u. The acidophilie nucleoplasm con-
tained many small nucleoli located at the periphery

(Figure 23).

Membranes and cell layers of larger Stage I1 oocytes
‘were thicker than those in the immature ovary.. The follicle
remained as a single layer of cells, but the cells were
thicker and shorter so the nuclei were closer together. The
homogeneous layer between the follicle and conjunctive cells
attained its maximum thickness of 3-4 u during this stage.
This layer appeared glossy and stained pink in hematoxylin
.and eosin, or a clear medium blue in Mallory's Triple Stain.
Moltchanova (1941) and Magnin (1966a) called this layer the
"nembrane anhiste’, but they did not desecribe its structure.
A homogeneous layer, perhaps comparable to the "membrane
anhiste' occupiéd the same relative position around brook
rrout ococytes (Hurley and Fisher, 1966), and they referred
o it as the membrana propria folliculi. This layer disap-

pears as the eggs mature in shovelnose, lake, and Russian



sturgeon (Moltchanova, 1941: Magnin, 1966a). Hurlef and
Fisher (1966) made no definite statement on the fate of

the membrana propria folliculi but gave the impression that
it did not persist, The outer layer around the shovelnose
oocytes, the conjunctive léyer, was similar to that seen in
smmature ovaries. It was frequently a single layer of s@uamw
ous cells but became srratified where it joined stromal tis-

sue.

c. Yolk Deposition: Stage_III (Figures 29 and 30).
This stage was éharacterized by cocyte growth and yolk dep-
osition. The lamellae projecting from the medial core of
connective tissue were obvious and the larger oocytes (1.0 -
1.5 mm) became pale vellow. Adipose tissue contributed less
than 25% to the total ovarian velume and was frequently lim-
ited to medial surfaces. Two groups of cocytes were present
in State III ovaries; those typical of Stage IT ovaries and
a group of larger oocytes exhibiting vitellogenesis: These
two groups can be distinguished iﬁ formalin preserved ova-
ries. When observed under a dissecting microscope, the
nucleus of the smaller oocytes appeared as a dark spheré
within the translucent cytoplasm. The volk filled cyto-
plasm of the larger eggs, On the other hand, was opaque and
the whole cell was uniformly dark. The GSI of Stage 111
ovaries ranged between 0.35 and 5.65 (Table 24). Females
in Stage 111 were collected throughout the yeér but were

most abundant in early summer.




Alﬁhough many eggs in Stage 1II ovaries enlarged to
exceed the maximum size seen in Stage IT (about 675 4£), new
oocytes were being recruited so that a reserve stock was
maintained. Size-frequency histograms indicated that all
mature ovaries, regardless of reproductive stage, retained
this stock of oocytes with diameters between 100 and 500 4.
About 18% of the oocytes in Stage III ovaries I examined
exceeded 500 g, suggesting that the reserve stock accounted
for about SC% of the oocytes in the mature ovary (Table 25).
However, several Stage IIL ovaries were in early Stage IIL.
Counts of small vs large eggs in Stage IV and V ovaries in-
dicared trhat the reserve stock was closer to 75% (Table 255 .

Vitellogenesis began when oocytes were approximately
600-700 u in diameter. The yolk appeared initially as a
narrow band of deeply stained eosinophilic granules within
the basophilic cytoplasm (Figure 29). The granules became
more numerous, changed shape from spherical toelliptical as
they increased in size, and dispersed into the cytoplasm.
After most of the cytoplasm was filled, a zonation of gran-
ule sizes existed. Near the cell membrane and nucleus there
was a dense array of émall spherical granules. Centrally
the granules wérellarger=ellipticai,and more dispersed,

The bulk of the cytoplasm finally filled with these large
elliptical granules, the largest about 8 x by 124 (Figure 30).
Yolk deposition, including the zonation of granule sizes,

is apparently identical in several species of sturgeon (Molt~

chanova, 1941; Magnin, 1962 and 1966a; Lemanova and Nusenbaum,
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Tahle 25. Distribution of ococyte sizes in female shovel-
nose sturgeon ovaries at different reproductive
stages. GOocytes less than 50 ¢ in diameter were
not included in these data.

Numbef Percentage of Eggs by Size Groups (Diameter in u)
Reproductive of Eggs
Stage Measured 50 < 200 50 < 300 50 < 400 50 < 500 2 500
Immatursa a5 89.4 100 0 0 G
Developing 410 34.2 66.3 88.1 99.G 1.0
Yolk deposition 285 27.4 56.8 75.8 82.1 17.9
Prespawning 133 26.1 57.1 T4.4 74,4 25.6
Spawning 83 14.5 48.2 £7.5 73.5 26.5
Spent ' 123 28.3 74.0 95.9 95.9 4.1

196R8), and parallels, to some degree, yolk deposition in am-
phibians (Ralinsky, 1965) . Elasmobranchs, cyclostomes, and
ganoids also have a yolk discribution similar to amphibians
(Balinsky, 1965; Lewis and MeMillan, 1965). Yolk deposition
in teleost fishes, however, 1s quite different. In teleosts,
yolk first occurs as 0il droplets and produces a "frothy"
cytoplasm. Secondary yolk forms after these primary yolk
vacuoles fill the cytoplasm, firsﬁ within the primary vacu-
oles and later between the vacuoles. This intraﬁesicular
and extravesicular secondary yolk eventually merges to form
a solid yoik globule filling the mature egg. This process
has been described in brook stickleback by Araekevelr and
MeMillan (1967), in goldfish by Beach (1959), in crappiles by
Cooper (1952}, and largemouth bass and bluegill by James
(1946) .

The number of chromatin granules within the nucleus de-

creased during Stage IIT, but the number of nucleoli remained



Figures 29-34. Photomicrographs of ococytes and their asso-
ciated membranes of shovelnose sturgeon from
the Missouri River. The 10 y sections were
stained with Delafields hematoxylin and eosin.

Figure 29. Oocytes in Stage III ovary exhibiting beginning .
of yolk deposition. Yolk granules (Y) formed in -
the cytoplasm near the cell membrane. Note num-
erous nucleolil (N) along periphery of nucleus.
150X,

Figure 30. Membranes in Stage III oocyte include a zona
radiata (ZR) adjacent to the cell membrane; then
progressing outward a gelatinous membrane (GM),
follicle cells (FC), the membrane anhiste (Ma),
and conjunctive cissue (CT). 1000X.
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Figure 31. Stage IV oocyte with central nucleus and cyto-
plasm full of yolk granules; zona radiata and
gelatinous membrane are well developed. Note
sparse stroma and early ococyte. 100X,

-
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Figure 32. Membranes of the Stage IV cocyte at 400X, The
zona radiata (ZR) has two strata and is about
twice as wide as the gelatinous membrane (GM).
Small pigment granules are present just under
the cell membrane and follicle cells (FC) and
the conjunctive layer are thin.

Figure 33. Oocyte in Stage V ovary collected June 10, 1969.
Nucleus has migrated into dense volk at animal
pole and a few nucleoli are present along the
nuclear membrane. 60X.

Figure 34, Membranes surrounding a Stage V oocyte just
prior to spawning. Inner and outer zona radi-
ata were obviocus (IZR and 0ZR) and the gelatin-
ous membrane (GM) was amorphous. Note nucleus,
micrepyle (M) and thin follicle cell layer (FC).
400X. o






.high. Approximately 30 to £0 nucleoli were seén at the
periphery of the nucléus (section 10 g thick) and many
smaller ones were scattered throughout the nucleus. The
srromal tissue appeared less capacious but was still well
developed. Adipose tissue was reduced but still present in
some sections.

Concurrent with the beginning of Vitellogenesis the
sona radiata appeared. This hyaline acidophilic membrane
was devoid of radial striations initially, but after it
reached a thickness of a few microns striations became visi-
ble and a new layer appeared between the zona radiata and
rhe follicle cells (Figure 30). This membrane in sturgeon
has several names. Moltchanova (1941) called it the alveolar
layer which she believed was produced by follicle cells.
Ryder (183%0) used the term colloidal membrane. Magnin (1962)
described it as a homogenous gelatinous envelope and stated
that Russian authors called it the gelatinous membrane.

In late Stage [II the zona radiata had two distinct but
seemingly identical strata which fréquently separated éuring
sectioning. The inner strata was slightly thinnei and the
+hickness of the two strata was about 10 u. The gelatinous
membrane peripheral to the zona radiata was about 5u thick
by late Stage IIL. Tnitially, fine wavy lines weres seen in
the gelatinous membrane, but by late Stage IIT the gelatin-
ous matrix had a fine columnar-like configuration. The chem-

icals used in preparing histological sections apparently



shrank the matrix (or expanded the canals) so that the col-
umnar structure was manifested (Figure 32).

Tn Stage I11 the three outermost envelopes, the fol-
licle, membrane anhiste, and conjunctive layer were all thin,
obviously stretched by the rapid growth of the oocyte during
yolk deposition. The membrane anhiste had diminished consid-
erably by this time. The conjunctive tissue,.however, was
several layefs rthick where it encountered the stroma or
another oocyte.

Different authors have used different terms for the
same membrane, especially if they were working on different
taxa. In this paper the actual egg membrane, merely a bound-
ary line under the light microscope, was referred to as théﬁ
cell or vitelline membrane.. The membrane just external to :
the cell membraue, which exhibiced the obvious radial strié:
rions of the microvilli, was called the zona radiata., These
two terms, as used here, correspond to the classification
proposed by Ludwig (1874; cited by Hurley. and Fisher, 1966) .
Many authors refer to the zona radiata as the vitelline mem-
brane, or zona pellucida if it has no striationg. The zona
radiata is also frequently called the chorion by fisheries
biologists (Hoar and Randall, 19€69). DMore specifically,
fisheries biologists use the térm chorion for the outermost
membrane of the ovulated egg which becomes "hardened" on con-
ract with water and persists as the protective case around

the embryo. According to Ludwig's scheme the term chorion



is not used for a primary membrane, that is, one formed by
the oocytes, but is limited to secondary membranes formed
by the follicle cells. While some authors believe that the
zona radiata is produced by the follicle cells the majority
say that it is formed by the oocyte (Hurley and Fisher, 1966).
The origin of the zona radiata in sturgeon is evidently still
unsettled but the gelatinous membrane is a secondary membrane
according to Moltchanova (1941). Since the zona radiata is
present in shovelnose before the gelaﬁinous membrane, and
continues to expand while the latter separates it from the
follicle cells, it is probably formed by the oocyte. In
sturgeon, the term chorion is acceptable for the gelatinous
membrane since it is a secondary membrane and is also the
outermost covering on the mature ovum. The sturgeon chorion
is probably the gelatinous coat described by Ginsburg (1961)
and Ryder (1890), who have shown that it provides the ad-
hesive substance which attaches fertilized eggs to the sub-
strate.

4. Prespawning Ovary: Stage IV (Figures 31 and 32).
Most females with Stage IV ovaries were collected during‘
August through December. Duriﬁg this period the ovaries
filled most of the body cavity and the largest eggs were
pigmented, going from brown in summer to black in fall‘ The
largest eggs in preserved ovaries were 1.6 £to 2.2 mm in diam-
eter and filled the entire ovary (Table 23). During the sum-

mer and early fall different colored ovaries were *aken on
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the same date, indicating that maturation began earlier or
progressed faster in some females. By late fall most of the
Stage IV ovaries were identical, uniformly dark brown to
black. On each dark egg a germinal disk representing the
animal pole appeared as a lighter spot surrounded by a dark
ring. Adipose tissue was rare or absent and the lamellar
struéture was obliterated as large eggs filled the ovaries.
The GSI increased as these large eggs matured and ranged
from 5.5 to 15.1 with a mean of 9.4 (Table 24&).

There were two distinct ooccyte groups in Stage IV
ovaries. The smaller cocytes (100-500 u) accounted for
about 74% of all eggs (Figure 28 and Table 25) and repre-
sented the reserve stock fof future spawning seasons. The
remaining 26% provided the eggs for the next spawning season.

Increasing pigmentation of the large oocytes marked the
beginning of Stage TV. Micrcscopically, this began as minute
black pigment granules appeared in the cortical zone just be-
low the cell.membrane. These early Stage IV ococytes had a
central nucleus with volk granules distributed through the
cytoplasm in a manner similar to late Stage IIL oocytes (Fig-
ure 31). At about mid-Stage IV the nucleus migrated toward
the presumptive animal pole, identified at that time by an
accurmulation of small yolk granules. By late fall the nu-
cleus had moved into dense yolk at the animal pole and most

of these dark eggs had a noticeable bulge at the animal pole.




The nuclear membrane in late Stage IV was marked by a
ring of nucleoli but the membrane itself was not evident.
The nucleoplasm was finely granular and contained only a few
centrally located nucleoli. These large yolk-filled eggs
were difficult to section and open spaces along boundaries
were commonly produced during sectioning.

The 'membrane anhiste' apparently disappeared early in
Stage IV. The follicle and conjunctive layers were very
thin and stressed by the growth of the large occytes. The
stroma was likewise reduced (Figure 31). 1In early Stage IV
oocytes, the double zona radiata was 21 x wide and the gel-
atinous membrane was 11 g. The inner stratum of the zona
radiata was half as thick as the outer stratum (Figure 32).
In mid-Stage IV oocytes, the zona radiata and gelatinous
layers were 29.5 4 and 15p thick, respectively. The rela-
rive thickness of these membranes was the same in ripe eggs

during the spring spawning season.

e. Spawning Ovary: Stage V (Figures 33 and 34).

All females with dark eggs collected during the first 6
months of the year (January-June) were assigned to Stage V.
Liké the testes, the ovéries changed little over the winter
and the separation of Stages IV and V was based primarily on
temporal rather than morpﬁological criteria. However, the
mean diameter of Stage V oocytes was about 500 4 larger than
that in Stage IV. Most Stage V females could Ee recognized

by external inspection because the large mass of black eggs
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inflated rhe abdomen and produced an externally visible
dark color.

Mature eggs in preserved Stage V ovaries were 2.3-2.8
om in diameter (X = 2.6 mm) and capped by a germinal disk
on the animal pole (Table 23). Although the ovaries ap-
peared to be a solid mass of large oocytes, the smaller
white cocytes of the reserve stock were visible under a
dissecting scope. As in Stage IV, the reserve stock ac-
counted for about 75% of all oocytes in the Stage V ovary
(Figure 28 and Table 25). Fatty tissue was absent on Stage
V ovaries.

The GST of Stage V females ranged from 8.0 to 22.3.
Although spawning activity peaked in June, a few Stage V
females were observed during July and these could be con-
fused with early Stage IV females which will not spawn untcil
the following yéar. However, prespawning females had a GS5I
less than 107 in July through mid-August while all Stage v
females caught in July, with one exception, had a GSI of 10%
or more.

The migration of the nucleus into the animal pole was
complered during Stage V and the nucleus of late Stage V
vocytes was embedded entirely within the dense, finely granu-
lar volk at the animal pole (Figure 33). The conVex-bulge
at the animal pole was obvious. The large dark eggs dominated
crained sections and the stroma was distended. 1In Russian
sturgeon the nucieoli'reportediy disappeared prior to oﬁula“

‘tion (Lemanova and Nusenbaum, 1968). 1In shovelnose, there
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were fewer nucleoli in late Stage V oocytes than in previous
stages, but a few peripherally locatred nucleoli were always
present. The zona radiata and gelatinous membrane increased
slightly during Stage V and the division of the zona radiata
into two strata was obvious (Figure 34). The follicle and
conjunctive layers were stretched very thin. In a few late
Stage V ova the gelatinous layer had lost its columnar pat-
tern and became amorphous (Figure 34). Micropyles were ob-
served at the animal pole; these appeared as narrow canals
extending through the inner zona radiata which opened into
depressions of the outer strata. Ginsburg (1961) observed
an average of 10 micropyles grouped over the animal pole in
Russian sturgeon, but cbserved that numerous micropyles did

not result in polyspermic fertilization.

£, Spent Ovary: Stage VI (Figures 35 and 36) .

Spent ovaries were collected from June through November and
exhibited a mean GSTI of 1.54 (range 0.7 to 3.7; Table 23).
They were flaccid, translucent, contained nao adiposé tissue,
and did not acquire the hemorrhagic tissue commonly reported
in many other fish species. The leaf-like lamellae were ob-
‘vious and ruptured foilicles were identified with a dissect—
ing scope.

Few mature eggs remained trapped in spent ovaries.
Spawning females collected during the spawning season were
either full of eggs or completely spent, indicating that fe-

male shovelnose probably void their eggs over a short time
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period. Harkness and Dymond (1961) found that the eggs of
ripe lake sturgeon flowed so readily that it was difficult

to handie them during the stripping operation. Conversely,
ripe males exuding milt were collected from the unchannelized
Missouri River over an extended period (late HMay through June),
and testicular histological sections confirmed the presence of
numerous ripe males during this period. EFach male might have
spawned with several females during the season.

The mean size of the largest oocytes in spent ovaries was
359;;(Tab1@23), and the diameterxr meésurements of all oocytes
indicated that an ooecyte stock, similar in abundance to those
in Stage II ovaries, was retained after spawning (Figure 28).
Microscopically, oocytes in recently spent ovaries were scat-
tered with intervening open areas occupied by empty follicles
(Figure 35). Oocyte structure was identical to that described
for cocytes in Stagé 11 ovaries.

Immediately after spawning the ruptured follicle wall
consisted of three layers (Figure 36). The most ectad layer
was composed of low cuboidal to squamous cells of conjunctive
tissue. Next was a wavy band of collaginous or elastic fi-
bers which resembled the membrane anhiste in appearance and

staining properties. 1In ruptured follicles this membrane was

Pk

slightly wider (5-64) than 1ts counterpart in late Stage II

bty

"1 aw

oocytes. If the membrane anhiste 1is compeosed of elastic
bers, a structure compatible with its suspected supportive

funetion, then it would stretch and become thinner as the
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oocyte grows. It might even persist througout ocgenesis
even though too narrow to be evident under the light micro-
scope, and reappear after ovulation. The third layer was
composed of columnar follicle cells with nuclei located just
inside the membrane anhiste. As the follicle began to col-
lapse the conjunctive layer became several layers deep and
seemingly disorganized, the follicle cells became cuboidal,
and rhe fibrous band (membrare anhiste?) became more convo-
luted. In feour of five spent ovaries collected in August
1969, most post ovulatory follicles had collapsed completely.
They appeared as deflated spheres containing the sinuous £fi-
brous band and randomly distributed ovoid cells with deeply
staining basophilic nuclei. The eosinophilic fibrous band
was persistent and remained in many Stage IT ovaries as a
small compact bundle surrounded by a few stromal cells.

The diffuse appearance of spent ovaries changed rapidly
and by early fall a well developed stroma surrounded a com-
pact array of cocytes. By late fall the spent ovaries re-
sembléd Stage II ovaries, except for the presence of col-
lapsed follicles. The gross morphology of these two stages
was also similar and separation of Stage 1T and VI ovaries
by external morphology alone was tentative.

Since ripe females apparently retained very few mature
ova after spawning, atresia of large yolk-filléd ova was un-
common. However, structures that were assumed to represent

late stages of atretic occytes were present in all mature




ovaries. In other fish speciles twoO slightly different
atretic processes have been described, depending primarily
upon the amount of yolk contained in the ococyte {Beach, 1959,
Braekevelt and McMillan, 1967; Lewis and MeMiilan, 1965).
Atresia of large black yolk-filled ova and the occurrence

of structures interpreted as a late phase of atresia of none-
pigmented oocytes, suggested that two processes also occurred
in shovelnose.

Atretic mature ova coutaining yolk exhibited several
characreristic features. Tne zona radiata and chorion were
ruptured as atresia began. The zonation of yolk granules
‘seen in normal eggs was completely disrupted. The dense yolk
at the animal pole was initially separated into, several angu-
lar particles but soon became an amorphous mass while numer-
ous vacuoles formed throughout the cytoplasm (Figure 37).
Black pigment granules and parts of the zona radiata were
present at the periphery, along with follicle cells. As
atresia continued vacuolation increased and a reticulum be-
gan to fﬁrm. 4 few volk granules or particles remained for
some time but the reticulum, resembling adipose tissue, sSoon
filled the étretic cocyte (Figure 38). There was little
structural change as the atretic oocyte became smaller, even-
tually forming a small sphere of condensed pigment and con-
nective tissue.

Pigmentation increased during atresia of mature ova, due

at least partly to condensation of pigment granules as the ova



shrank. Most black particles in later stages of atresia
were slightly larger than the original pigment granules and
measured 1-2 4 in diameter. This suggested that the primary
granules either enlarged or coalesced, or were derived from
a separate source. Regardless of its source, the pigment
was persistent and remained even after most traces of the
atretic oocyte disappeared. Approximately 20% of the Stage
IT and Stage III ovaries contained a mixture of white eggs
and black pigment producing a condition that I referred to
as the 'salt and pepper’ ovary. The ‘salt and pepper’' ovary
resulted when developing white eggs were mixed with black
pigmented atretic oocytes in many cases {(Figure 38). In
some ovaries there was very little 'pepper' while in others,
white eggs appeared to be embedded in a dark matrix. 1 as-
. sumed these various degrees of 'salt and pepper’' also repre-
sented ovaries with atretic oocytes. Microscopic analysis
revealed that 72% of the Stage II ovaries and 597 of those
in Stage III contained some black granules, but most of these
did not produce a visible salt and pepper éondition. |
The morphology of atretic ococytes suggested that much
yolk was dissclved by enzymes rather than engulfed by phago-
cytes, Beach (1959) implied that enzymatic digestion was
also more important thén phagocytosis in goldfish, the en~.
zymes being prbduced‘by follicle cells. Follicle cells in
sturgeon were distributed primarily along the periphery of

the atretic oocyte. Phagocytes were seen within the yolky
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cytoplasm but apparently shgre was no mass invasion of phago-
cytes. This would agree with the atretic processes observed
in sea lamprey and brook stickleback. In these fish, mass
phagocytosis cccurred during atresia of younger oocytes but
not during reabscrption of mature ova (Braekevelt and McMillan,
1967; Lewis and McMillan, 1965) . |
Oooytes.in all maturity stages are subject €O atresia,
but the process is usually more noticeable in mature ococytes,
Although early atretic stages involving unpig#ented cocytes
were not observed in sturgeon, there were strultures assumed
to represent later stages of arresia that were different
from those previously described. The main characteristics
- of these structures were the absence of pigment and the pres-
eﬁce of an acidophilic band at the periphery. The homogeneous
wavy band appeared to be identical with the fibrous band in
post-ovulatory follicles. A thin boundary of comnective tis-
sue surrounded the undulating fibrous band while the bulk of
the follicle was a fine reticulum containing small spherical
basophilic nuclei. I assumed that these follicles probably
diminished in size, eventually forming small compact bundles
containing only the fibrous band and stromal cells, identical
to the end product of the post-ovulatory follicle. This may
account for the relatively high frequency of acidophilic fol-

1{cular bundles seen 1n shovelnose ovaries.
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3., Reproductive Cycle

The female shovelnose reproductive cycle was more com-
plex than the male cycle. Whereas many males spawn annually,
it appeared that few or none of the females do. The differ-
ence between the sexes occurred mainly during Stages 11 aﬁd
IIT which are more protracted in females. This might be ex-
pected since ovaries are heavier than testes, and therefore
require more raw materials and presumably more time tO de~-
velop. HMature ovaries comprised over 22% of the total body
weight in some shovelnose (mean GSI = 15.4), while testces
seldom accounted for more than 5% (Tables 21 and 24).

Most female shovelnose were apparently on a 2 or 3nyear
repfoductive cycle, and the relative abundance of females
within the five maturé.reproductive stages indicated that a
3-year cycle might be more common. Mature females were par-
titioned into three groups; those that spawned in the current
year, those that will spawn next year, and the third group
which did not spawn in the current year and probably will not
spawn next éeason. First, there was no evidence that spent
females progressed into Stage I1I in the same year that they
had spawned, as was observed in some males. Thérefore, fe-
males that spéwned in the current year were represented by
spawning (Stage V) and spent (Stage V1) females. ‘This group
comprised 29.4% of the females processed in 1968 and 1969
(Table 26). Secondly, since females in Stage III were com-

" mon in collections from June through November it was apparent
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thar volk deposition required more time than the spermato-
genic Stage ITII in males. Therefore, females in Stages II1I
and IV rvepresent fish that will épawn next season. This
group accounted for 36% of the processed females (Table 26)?
Finally, Stage 11 females were common during all months of
field sampling, implying that this stage has a long duration.
These females did not.spawn during the current year; and
must progress through Stages IIT, IV, and V befofe spawning,
so they won't spawn next season. This group comprised al-
most 33% of the processed females. In summary, female shovel-
nose spend about a year in Stage II, then progress through
Stage III and IV during the following year, and spawn the
third vear.

Selection of females for processing was not strictly
random, and thus the percentages shown in the tabular data
may be biased. Since most shovelnose were the same size
(see Section 1), there was a preference for unusually small
and large fish. Selectivity for small fish would have in-
flated the relative abundance of immature fish, but only 5
of 245 females were immature. The paucity of immature fe-
males was additional evidence that recruitment intc the
spawning population was low. Preferential selection of
large fish probably had little effect because large females
could belong to any of the five mature stages. There also
was some selection for females full of dark eggs, both in

the spring and fall. This may have increased the percentage
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of Stage IV and V females, but I felr the impact was small
because the relative abundance of Stage V and VI females was
about equal, as would be expected.

Another possible source of bias was incorrectly iden-
tifying spent ovaries as Stage L1 ovaries in the fall. Spent
ovaries "recuperated' during the summer so that by October it
was difficult to distinguish Stage VI and II ovaries. This
error, if it occurred, would cause the percentage of spawners
to be too low, and indeed this group of females was a little
below the expected abundance of fish on a 3-year cycle.

Close examination of oocyte growth rates in Stages IT,
ITI, and VI provided additional information on the possible
duration of these stages, and also indicated that some fe-
males spawn every other year. This 2-year cycle is shown in
Figure 39 as a sclid line and the sequence of stages is best
explained starting with spent females in 1968 (the first year) .

Spent females were collected from June through MNovember.
When the average diameter of the largest ococcytes in each fe-

male was plotted against time of collection, an estimate of

cocyte growth rate was obtained (Figure 40). In June, cthe

average diameter of the largest oocytes in spent females was

420-520 y. This size corresponded with the size of the lar-

gest. reserve oocytes found in spawning females (Figure 28).
Spent females taken later in the summer and fall had progres-
sively larger oocytes and a regression line indicated that

the average oocyte growth rate was 30 y per month (Figure 40) .
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By November, the largest oocytes were arcund €25 g, near the
. f;i maximum size for ococytes in Stage VI ovaries.
Most Stage VI females probably remained in that stage

through the 1968-69 winter (Figure 39), and progressed into

early Stage I11 during the following spring. Even if Stage
VI females progressed into Stage III in the fall, they prob-
ably remained inactive over the winter and were still in
early Stage III in the spring. |

Within Stage III ovaries, oocyte measurements indicated

that early Stage II11 ovaries with relatively small ooccytes

were present during much of the year (Figure 41). The lar-
gest Stage III oocytes were present in June through August,
indicating that yolk deposition was completed durimg the

summer. Moreover, early Stage IV ovaries with light brown

eggs appeared in the June through August pericd, reaffirm-
ing that yolk deposition was completed during the summer.
These observations suggested that the females that spawned
in 1968 spent the following winter in either late Stage VI
or early Stage III, then completed yolk deposition during

the summer of 1969. These females progressed into Stage IV
during late summer 1969 (most of the early Stage IV females
were collected in August) and spent the second winter in late
Stage IV (Figure 39). 1In spring 1970 these females were in

Stage V, ready to spawn in June or July, i.e., a Z-year cycle. ”
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The two-year cvcle described above requires that females are
in Stage VI through one summer and Stage I[11 during the next
summer . But, all spent females don't follow this sequence
because Stage 1T females were also collected during the sum-
mer. Some Stage IT females represent immatures recently
recruited into the mature population, but many of the Stage
IT ovaries collected in the summer contained atretic pig-
mented eggs and/or remains of post-ovulatory follicles, in-
dicating that these females had spawned before. Also, the
relative abundance of Stage I1 females indicated that many
of the mature females go through Stage II prior to Stage [II.
Based on this evidence, I believe that a portion of the
Stage VI females progressed into Stage II in late fall (see
dash line-Figure 39). The females going into Stage II devel-
op slowly and probably remain in Stage II during=1969 (assum-~
ing they spawned in 1968), then progress into Stage ITI in
late fall 1969 or spring 1970, and finally spawn in 1971 (a
3-year cycle). |

The temporal size distribution of oocytes in Stage II
ovaries appeared to‘be random (Figdre 42y, indicating that
females in both early and late Stage II were present in the
population during most of the year. Several Stage II ova-
ries with relatively large eggs (580-620 u) was observed in

October and November, and these apparently match the October-

November cluster of early Stage III ovaries with relatively

small 'eggs (550-750 u, Figure 41), indicating some Stage 11

females progress into Stagé ITIT in the fall. TFemales that
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enter Stage II1 in the fall might complete yolk deposition

in late spring (a few Stage I1II females taken in June had
oocytes larger than expected-Figure 41) and progress into
Stage IV in the summer. Indeed, a few early Stage IV females
were observed in June and July.

Female shovelnose are apparently spawning every two or
three years. A four-year cycle is possible if some females
remain in Stage II for two years rather than one, but there
was no evidence to indicate that this occurred. About one-
third of the population spawns every year but there is no

method to determine the percentage of two-year and three-

year spawners. In fact, these unknown percentages may not

" be constant since biennially spawning females could switch
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Ii to a three-year cvcle or vice versa. This does occur in
. some sturgeon. Jankovic (1958) found that female sterlet
up to seven years old spawn annually while most of the older
fémaies spawn biennially. TIn lake sturgeon Sunde (1959)
noted the opposite; females between 20 and 35 pounds spawned,
on the average, every five years and heavier females averaged
four years. |

An extended repnroductive cycle is the rule rather than
the exception in female sturgeon. In North America, lake
sturgeon females spawn every four to seven vears (Roussow,
1957). Barney (1924) stated that female lake sturgeon in
Minnesota spawned every four years. His conclusions were
based on the existence of four different oocyte size classes
in the ovaries. Cuerrier (1966), Sunde (1959) and Priegel
(1964) concluded that spawning occurred at four and five
yvear intervals after analyzing factors such as spawning fre-
quency, gross morphology of the ovaries, and GSI. Magnin
(1966a) studied histblogical sections and the frequency of
reproductive stages and concluded that the cycle was six
- ~ years long. Several investigators indicated that the dura-

tion of the sturgeon reproductive cycle may vary within a

single populatrion as well as between geographic localities.

D. SPAWNING SEASON

1. Time and Duration

B i

Most of the literature reported that shovelnose spawn

in May and June (Eddy and Surber, 1943; Barnickol and



Srarrett, 1951; Shields, 1958; Helms, 1972; Christenson,
1975). However, spawning may begin in April in Kansas
(Minckley, 1959) and extend well into July at Lake Oahe in
northern South Dakota (June, 1977). lMany European and Asian
sturgeon species, and probably all North American species
Spawn in the late spring or early summer (Harkness and Dymond,
1961; Magnin, 1962 and 1966a; Cuerrier, 1966,; Lemanova and
Nusenbaum, 1968).

Within the Missouri River study area the shovelnose
spawning season was established by documenting the dates‘when
ripe males and gravid females cccurred, the initial appear-
ance of spent females, and the last observation of females
with large dark eggs. Gravid females were most commonly en-
countered during the third week in June in 1968 and from June 4
through 19 in 1969. The highest incidence of ripe maleé
(milt could be extruded by hand) occurred on June 28 in 1968
and on June 10 in 1969. The relative temporal abundance of
gravid females and ripe males indicated that spawning began
ecarlier in 1969 than 1968. However, spent females were col-
lected earlier in 1968 than 196%. Spent females were first
observed on June 10 in 1968 and on June 26 in 1969. Although
spawning activity appafently peaked in June, a few gravia
females were collected during July and the last females with
large dark egés were caught on July 30 during both years.

Sturgebn catches are somecimes dominated by males just
prior to or during the spawning season {(Loukine, 1941;

Cuerrier, 1966). Mississippi River commercial fishermen have
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observed that the predominance of male shovelnose in their

rrammel-net catches marked the spawning season {Barnickol and
Starrett, 1951), and I noted a similar predominance of males
in the Missouri River. In 1968, early June shovelnose catches
in the study area contained more females than males, but on
June 18 males comprised 85% of the catch {(or at least that:
portion subsampled for processing). Males dominated gill net
samples for the next 10 days and comprised 73% of the sturgeon
processed on June 28. In 1069, males dominated gill net sam-
nles on June 10 when 17 of 18 processed fish were males; 16

of rhese males were ready for spawning.

Missouri River water temperatures in the study area re-
vealed that in 1968, water temperatures (means for 5-day peri-
ods) increased steadily during the latter part of May and
early June, then remained around 18° to 199C from June 8 until
July 3 (Figure 2). 1t then increased steadily to the summer
maximum of 24°C on July 18. 1In 1969, temperatures during the
same interval were more variable. After a steady increase in
late May to 17.5°%¢ (on tay 28), the 5-day mean fluctuated up
and down several degrees. After a low of 16°C on June 13, the
temperature gxaduaily increased to the summer maximum of 24°¢
which was reached at the same time as in 1968. The avérage
maximum June air temperature in 1968 was 30.9°C and rainfall
totaled 6.6 cm. June 1969 was wetter and colder; the average
maxinum temperature was 25.3°C and rainfall totaled 18.0 cm

(U. §. Dept. Commerce, 1973) .

If the criteria I used were good indicators of spawning
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activity (i.e., relative abundance of ripé males and gravid
females and the predominance of males) then spawning began
earlier and lasted longer in 1962. These obser?atians cor-
relate with the faster increase in water temperatures, sub-
sequent flucﬁations in temperature, and higher flow rates in
1969 (Figure 2). It is also possible that spawning was less
successful in 1969. Although ripe males were taken over a
longer period in 1969, the number of spent females was lower.
In the subsamples of processed sturgeon only 11 spént females
were taken in 1969 while 27 were observed in 1968. Although
temperature changes of just a few degrees seem minor, lake
sturgeon left the spawning beds in Gull River when the temper-
ature dropped two degrees, from 149C to IZOC, but returned
after the water reached 13.5°C (Harkness and Dymond, 1961).

Helms (1972Z; 1973) and Christensen (1975), also keying
on the first cccurrence of spent females and last collections
of gravid females, found that shovelnose in the Mississippi
and Red Cedar rivers spawned during late May and June.
Christensen (19?5) observea spent females first on May 23
but continued tec collect gravid females through late May at
water temperatures between 19 and 20°C. Helms (1972,; 1973)
reported spent females were first collected in late May (May
29 one year and May 24 the next) and females with large dark
eggs were caught through mideune,s |

Over QG%IOf the commercial shovelnose harvest in the
Mississippi River is taken during the spring run in May and

June as fishermen exploit shovelnose concentrated in tailwater



\mws&ﬁmﬁmﬁ\m s o e e A s e Tt .

187

areas below the lock and dams {(Helms, 1972). Shovelnose
spawning runs were also reported on the Ohio and St. Croix
rivers {Jordan and Everman, 190Z; Eddy and Surber, 1943).
Although substantial numbers of spawning shovelnose were pres-
ent in the unchannelized Missouri River during the spring, tag
and recapture studies (Section II) did not reveal unusual up-
stream or downstream movement during the spawning season. In
addition, no seasonal concentration of shovelnose was observed
during a 1968-69 survey of the Gavins Point Dam tailwaters
about 47 km upstream of the study area (Walburg et al., 1971).

Only one sturgeon fry was coilectedlduring this study.
This specimen, taken in a 0.5 m plankton net on July 18, 1969
had obviously hatched sometime in June or late May. Positive
identification was not possible due to lack of literature for
sturgeon fry. However, this fry was probably a shovelnose
since the onlv other sturgeon present in this area is the
Pallid, S. albus, and it is relatively rare (Bailey and Cross,
1954) . Only one pallid sturgeon was taken during this study
as compared to over 4700 shovelnose. |

Female shovelnose wit& running eggs (capable of being

stripped) were never taken during this study. However, the
scarity of females in this condition is apparently a univer-
sal situation in sturgeon and has been one of the difficulties
encountered in attemnts to artificially propagate these fish.
In most sturgeon species ripe females are sacrificed to ob-
tain viable eggs (Harkness and Dymond, 1961).  Attempts té'

artificially propagate variocus North American sturgeon have
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I' been largely unsuccessful, due primarily to:

a) the paucity of spawning females among fish cap-
tured at spawning time

b) the inability to manually strip most females

¢) the difficulty of getting ripe eggs and milt
at the same time
d) the susceptibility of sturgeon eggs to fungus
infections
Similar difficulties were encountered in June 1969, dur-
ing an attempt to artificially spawn shovelnose sturgeon. The
brood fish, 8 mature females with dark distended abdomens and
13.ma1és which eipeiled some milt when captured, were placed
in a raceway at the federal fish hatchery in Yankon, South
Dakota. A gravel bottom was prepared in the upper half of the
raceway and water was supplied from Lewis and Clark Lake.
Chorionic gonadotropin (PMS), in amounts suggested by hatchery
personnel, was injected into five females on June 20. One
female received a second dose on June 27 when 10 males were
injected. None of these fish yielded eggs or milt during

several attempts to strip them, even those males which were

emitting milt when first caught. The project was terminated

on July 23. Histological examination showed that 3 of the 5

injected females, sacrificed July 2, contained late Stage V
ova. The remaining two, processed July 23, had atretic

mature ova. ‘All of these females would probably have spawned

successfully 1if left in the river.
2. Spawning Location

No investigator has ever reported locating the spawning

beds or observing the spawning act of shovelnose sturgeon.
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The spawning habits and habitats of this species are therefore
still open to conjecture. Forbes and Richardson (1920) thought
that shovelnose must ascend smaller tributaries of the
Mississippi River to spawﬁ. Others, also working on the
Mississippi River stated that shovelnose spawn in the swift
water of the river proper, or larger tributaries, probably on
a rocky bottom {(Coker, 1930; Eddy and Surber, 19&3).' In the
Missouri River, Jume (1977) stated that catches of ri?e shov-
elnose in upstream areas of Lake Oahe suggested that shovel-
nose spawned over rock, rubble, and gravel bottoms of the
main river, and in major tributaries.

Attempts made during this study to locate the spawning
grounds were unsuccessful. However, on the basis of circum-
stantial evidence, I believe that spawning occurs in the swift

water in or near the main channel. During both the 1968 and
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cent to the main channel. At the same time, very few‘shovelw
nose were caught in backwater areas. Only one or two shovel-
nose were captured within the backwaters and none were taken
by nets set to block the main enfrances to these areas during
the'spawning season. There is no firm evidence that shovel-
nose sturgeon spawn in tributaries of the unchannelized
Missouri River. Shovelnose apparently do not move into trib-
utaries in 1arge\numbers, and Zweiacker (1967) collected only
two shovelnose in the lower 8-10 km of the James River, a

eributary of the Missouri about 20 km upstreanm of the
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study area, when he sampled it in spring 1967/. However, shov-
elnose have been collected in Missouri River tributaries
(Schmulbach, personal communications) and more intensive sam-
pling would be required to see if they utilize tributaries

for spawning.

In conclusion, the occurrence of gravid and spent shovel-
nose sturgeon in the unchannelized Missouri River indicated
that some sturgeon were spawning in the area, but the paucity
of young-of-the year and immature sturgeon suggests that

annual recruitment to the population is probably low.

E. HERMAPHRODITIC SHOVELNOSE

Hermaphroditic shovelnose sturgeon were reccgnized among
the normal gonochoristic males and females collected during
1968 and 1969 (Table 27). Several suspected hermaphrodites
proved to be females whose ovaries were aésociated with con-

siderable adipose tissue, but 9 of 563 (1.6%) pfocessed shov-

elnose were confirmed hermaphrodites. This relatively high

incidence of hermaphroditism exceeded that found by Atz and
Smith (1976) in Atlantic and shortnose sturgeon populations
from the Hudson River, where only a single hermaphrodite of
each species was identified. Atz (1964) also noted that

only two cases of hermaphrodicism in sturgéon had been reported
previously, and one of these resulted from hybridization ex-
periments. 5Since mény sturgeon species are commercially proc-
essed for caviar, both in the United States and ovérseas,

thousands of gonads are examined vearly. Despite this fact,
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Table 27. Summary of hermaohrodltlc shovelnose collected in
rhe unchannelized Missouri River, indicating gon-
adal maturity and relative extent of ovarian and

taesticular tissue.

14

Gonesomacic Reproductive 51U
Date Index™
Caprured (GST) Tesricular Gvarian

2

Comments

i 1T Ovotestis. Testicular and ovarian tissue
intermingled. Several larger 0O0CyLes in
late phase of azresla

[l

ApT - 1.56

96 Y 11 Spawning male. Few small ococyces (=300 u)
within testicular tissue.

(%)

Jun

Jun 3.18 v Y Ripe male with ovarian tissue along sur-
face of testis. Spermatozoa in ducts ad-
jacent to cocyres. Oocytes wirthin normal
. zomnecrive rissue capsule. Mature ova lass
than 2 mm.

Jul 3.52 v I Ripe male. Small ovarian areas resemble
immacure ovary.

.10 VeVl W Dvotestis. Milt extrudad from testicular
portion. Numerous large dark eggs, appar-
ently ripe. Mo hLStOIUQLCal sections.

(=8

Jul

L3 gl IT Spent testis, residual spermatozca. Small
mreas of ovarian rissue adjacent o festis.
Oocyces around 400 u.

s

Aug

. g); probably Stage
OJ ary (98.1 g). ova
re. Ho thLoLochal

L33 — ¥ Left gonal-Te
II or VI. R
appear toc be
seccions.

ot
[l

Se pf:‘f:?‘\‘

4.20 1Ll v Spermatogenic Testis. Ovarian tissus pri-
marily on surface. fsllicular memprane of
cuboidal ce‘1=, unhsu;il] rhick (7~ 8 u) for
Stcage IV oocyt Late atretic egg

Qct

Iyt xiaid 1.8% . - v Ovorescis, but primarily regricular tissue.
Mo hiscological seccions.

0S1 = {gonad weight/body weighz) x 100.

1 = immarure, Il = developing, LIl = sparmatogenesis, IV = prespawning, V = spawning,
Vi = spent.
ool

™I : + - = : .
Specimens capzured Juring 1968, All orher fish collected during 1569 .
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fow cases of hermaphroditism have been reported. However,
rhe Missouri River shovelnose sturgeon population appears to

be different since June (1977) also found hermaphroditic

shovelnose in his samples from Missouri River reservoirs.

Most reports on abnormal hermaphrodites consist of de-

scriptions of individual fish that were discovered by chance.

Therefore, data on the frequency of this phenomenocn within a

local population or a particular species are rare. However,

June's (1977) data from Lake Oahe, a main-stem Missouri River

reservoir in South and North Dakota, also documented the fre-
quency of hermaphroditic shovelnose sturgeon. In Lake Oahe,
2.1% of the shovelnose (8 of_378) examined were hefmaphroditic.
A1l hermaphroditic shovelnose examined by June (1977)
had one ovary and one ovotestis, and the anterior part of the
ovotestis was usually testicular tissue. In my study her-
maphrdditic shovelnose gonads were more variable, but all
hermaphrodites had at least one ovotestis except for one
(Table 27). 1In that exception the left gonad was a testis
and the right oge an ovary. The morphology of the ovotestes
varied but two generalizations could be made. First, the
ovarian and testicular portions were randomly distributed
throughout the gonad with no consistent antericr-posterior
orientation.such as noted by June (1977). Secondly, most
ovotestes wére‘predominately testicular, usually with periph-
erally located ovarian tissue. In the gsingle hermaphroditic
Atlantic sturgeon described by Atz and Smith (1976), one cvo-

restis was predominantly testicular while the other was
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nredominantly ovarian, and the demarcation between ovarian
and testicular tissue was definite. In contrast, the ovotes-
tes of the single shortnose sturgeon cbnsisted of eggs inter-
mingled in a matrix of testicular tissue (Atz and Smith, 1976).
Srained gonadal sectlons were prepared for six of the

nine hermaphrodites and the testicular tissue in these ovo-
testes was apparently normal and functional. Two specimens
coliected during the spawning season had ripe testicular por-
rions which extruded milt and two others collected in July
and August had spent testicular tissue. The testicular tis-
sue in a hermaphrodite collebted in October exhibited active
spermatogenesis? typical of normal testes in the fall

Figure 43). Within rhe ovarian tissue of the ovotestes ex-
amined microscopically, the small reserve oocytes {(maximum
diameter of 500-600 u) were apparently developing normally.
In some ovotestes the larger oocytes typical of Stages IV and
V appeared normal, while other ovotestes may not have pro-
duced viable eggs. Tor example, the hermaphrodite collected
in September 1963 had mature eggs and a GS5I typical.of a
spawning female, but had not spawned during the normal June-
July season (Table 27). Atresia probably had begun but no
histological sections were made of this specimen. The her-
maphrodite collected in April contained several large pig-
mented cocytes, all in late stages of atresia, along with ap-
parently normal Stage II (developing) oocytes. Both the male
and female portions of the ovotestes of a hermaphrodite col-

lected in June 1970 were apparently mature (Figure 44) .




Figure 43.

Figure 44.

Photomicrograph of ovotestis from hermaphroditic
cshovelnose sturgeon collected during October 1669
from the unchannelized Missouri River, South
Dakota. Testicular rissue at upper left exhibited
active spermatogemesis. A portion of a large pig-
mented egg typical of a Stage IV ovary is at lower
right. Both testicular and ovarian rissue were
maturing simultaneocusly.

Ventral view of ovotestes in hermaphroditic shov-
elnose stCurgeon collected in June 1970. Both
right and left gonads are ovotestes, with the
inrestine in between.
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However, the ostia were small, characteristic of males, and
several eggs were degenerating. Conversely, one hermaphrodite
collected in June had mature eggs and ripe testicular tissue.
The eggs appavently had normal zona radiata and gelatinous
membranes, and well developed follicular and thecal membranes.
"This fish may have produced both viable sperm and eggs.

Tn at least three hermaphrodites, the testicular and
ovarian tissues were maturing simultaneously. One of these
sturgeon was collected in October and the ovarian tissue con-
rained Stage IV oocytes which would have been ready to spawn
the following spring. The testicular tissue exhibited active
spermatogenesis and also would have been ripe the following
spring. Two shovelnose had ovotestes with both testicular
and ovarian tissues in spawning condition. One was captured
June 5, 1969, and obviously had not yet spawned while in the
other fish, taken July 30, 1968, the testicular tissue was
ripe or partly spent and the ovarian portion still retained

mature ova.

N

Syncﬁronous maturation within a hermaphrodite produces
the possibility of self-fertilization. Alcthough no conclu-
sions could be made concerning self-fertilization in the
hermaphroditic sturgeon, Atz (1964) stated that self-
fertilization is a rare event limited to a small number of
teleosts. The three shovelnose containing both ripe sperm
and eggs were, however, synchronocus hermaphrodites since the
term does not imply self-fertilization (Yamamoto, 1969) .

The relatively high incidence of hermaphroditism in
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Missouri River shovelnose suggests a high degree of abnormal
development due to some unknown cause(s). Recent environ-
mental changes in the Missouril River ;aused by channelization
and reservoir construction make prime targets. However, there
is no evidence that environmental conditions can produce her-
maphrodires, even though it has been established that the
environment can influence the sex ratio in some fish popula-

tions (Atz, 1964).
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SUMMARY AND CONCLUSIONS

Between June 1968 and July 1970 over 5000 shovelnose
" sturgeon were collected from the unchannelized Missouri River
in sourheastern South Dakota. About 3540 shovelnose were
ragged and released within a 20 km sctudy area to study move-
ment. Over 560 shovelnose were subsampled from 1968 and 1969
catches for analyses of external morphology and examination
of gonads. Length-frequencies, length-weight relaticnships,
and condition factors were calculated for Missouri River |
shovelnose and compared with the same data for shovelnose
sturgeon populations in the Mississippi, Ohio, and Chippewa
rivers. Reproductive cycles for both males and females were
determined from microscopic analyses of stained gonad sections
and temporal changes in gross morphology of the gonads. The
results of these investigations are summarized as follows:
1. Cill and trammel netting, trawling, seining, and
elactroflshlng catches indicated that shovelnose stur-
geon prefer intermediate currents found in pools behind
sand bars or open water areas adjacent to the main
channel.
2. Gill net catches (CPUE) were highest in pools that
were between 1.8 and 4.6 m deep, in those sections of
the study area where sand bar pools were most abundant
and stable, and during the spring (April-June) and fall
{October-November) .

3. Missouri River shovelnose sturgeon fell within a
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narrow range of lengths and weights. Aimoét 75% of the
shovelnose collected during 1968 had fork lengths with-
in 47-53 cm and live weights between 300 and 499 g. Of
563 shovelnose processed in 1968 and 1969 only 5 were
shorter than 44 cm and 6 longer than 60 cm.

L, A comparison of the physical characteristics of
shovelnose sturgecn from the Ohio, Mississippi, Chippewa,
and Missouri rivers indicated that Missouri River shov-
elnose had a lower condition factor and a mean length
and weight less than those from the other three rivers,
reached sexual maturity at smaller lengths than shovel-
nose in the Mississippi and Chippewa, and apparently
grew slower than shovelnose from the Ohio and Mississippi
rivers.

5. Most male and female shovelnose in the unchannelized
Migsouri River became mature at 40-50 cm and 45-55 cm
fork length, respectively.

6. The narrow size range of shovelnose sturgeon col~-
lected within the Missouri River study area, along'with
low condition factors, small size of mature individuals,
and paucity of immature fish, suggest that the Missouri
Rivar population is environmentally stressed and exhib-
its a slow growth rate.

7. Man-made modifications imposed on the Missouri

River ecosvystem, primarily the extensive damming and

channelization, are probably detrimental to shovelnose

sturgeon.
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8. For tagging studies,a No. 3 monel strap tag clampea
over the anterior ray of the pebtoral fin proved to be
superior to either a No. 4 strap tag on the opercle or
a Floy dart tag inserted between overlépping dorsal
scutes. Of 42 recaptures that had éarried tags for one
or more years, 35 had pectoral tags compared to'6 oper-
cle tags and 1 dart tag.

9. Ninety-three of 135 recaptured shovelnose were
caught within one year of théir release and during that
period 63 were caught withiﬁ 3.2 km of the release
location.

10. Although there was variation, distance traveled
increased with time at large. Average distances moved
by shovelnose recaptured in one-year time blocks over

5 years were 3.1, 13.7, 51.0, 25.7, and 107.3 km,
respectively. '

11. Some shovelnose sturgeon exhibited extensive move-
ments. A few shovelnose tagged and released in the
study area were recaptured near St. Joseph, Missouri
and Atchinson, Kansas, 500-540 km downstream and several
were recaptured near Omaha, Nebraska, 240-250 km down-
stream, Upstream movement was limited by Gavins Point
Dam 47 km from the study area.

12. Several tagged shovelnose were at large four or
more years, but the maximum time at large was 8 years
188 days.

13. During 1968 and 1969 about 1000 tagged sturgeon
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were displaced either upstream OF downstream from the
original capture location. By early July 1970, 23 of
these had been recaptured and no evidence of homing was

ocbserved,

14. Although no homing tendency was ocbserved, recap-

rured shovelnose did exhibit an apparent group mover
ment. In approximately rwo-thirds of the instances
when two or more sturgeln wWere recaptured on the same
date (and at one iocation) I found that two Or more of
the recaptures had been tagged and released together.
These grouped recaptures probably resulted from fish
traveling along the river by moving from pool to pool
and frequently crossing paths as they move among & rel-
atively limited number of preferred pools.

15. Temporal changes in gonadal gross morphology,
microscopic anatomy, and GSI were described for male
and female shovelnose sturgeon and six reproductive

stages ware defined; immature, developing (mature) ,

spermatogenic (males) or yolk deposition (females),
prespawning, spawning, and spent.

16. Only two males and five females among the 563
shovelnose processed during 1968 and 1969 were consid-
ered as immature.

17. Fatty tissue was intimately associated with the
gonads, especially in immature and developing stages.
This adipose tissue made small testes look bigger and

could make scome females look like males.
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18. Apparently, all mature male shovelnose do not
spawn annually. This produced two distinct groups
within the male population; one group that will spawn
during the next spawning season and a second group that
required an additional year of more to produce sperma-
tozoa.

16, The teétes of annual spawners enter the active
spermatogenic stage 2-3 months after spawning and con-
tain mostly spermatozoa during the winter. The testes
of males that are not spawning annually apparently
enter the developing stage several months afrer spawning
and may remain in the developing stage for a year or
more before progressing to the spermatogenic stage.

20, The spawning portion of the male population can be
distinguished from the non-spawners during October
through May because the GSI of spawners exceeds 1.0 and
the testes are large and light gray to white.

71, About 65-70% of the mature males spawned in a givenk
year and an estimated 30% were spawning annually.

92 All six reproductive stages in females could be
distinguished by gross examination of the ovaries and
measuring the diameter of the largest oocytes.

23 Most female shovelnose were apparently on a 2- or
3-year reproductive cycle. Females on a 3-year cycle
spent about one year in Stage 1T {(the developing stage);
rhen progressed through yolk deposition and the pre-

spawning stage during the following vear, and spawned



the cthird year. Females on a Z-year cyclé spent very
litcle time in Stage II, progressed into the yolk
deposition stage during the lare fall or winter follow-
ing the May-June spawning season, and spawned every
other year.

24. The spawning season began in late May and contin-
ved through June, as determined by the first cccurrence
of ripe males and gravid females, the initial appear-
ance of spent females, and the last observations of
femaies with large dark eggs. |

25, Attempts tO lacate_spawning grounds were unsuccess-
ful, but on the basis of catches by several gear types

I believe that spawning occurs in relatively swift water
in or near the main channel.

96, Nine of 563 shovelnose (1.6%) processed during 1968
and 1969 were hermaphrodites. Microscopic analysis of
stained gonad sections indicated that at least three
individuals were synchronous hermaphrodites since both

ripe sperm and mature eggs WeIE present within the ovo-

testes.
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