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Summary

The green sturgeon Acipenser medirostris is widely distributed
along the coast of North America, with known spawning
populations in the Klamath, Sacramento, and Rogue rivers. It
also spawns in the Tumnin River, Russian Federation
(formerly USSR) but is otherwise uncommon in Asia. Whether
North American and Asian populations are conspecific has
been debated; recent genetic analyses indicate these popula-
tions should likely be considered as distinct species. As part of
a cooperative study aimed at determining the systematics of
sturgeons of the North Pacific, meristic and morphometric
data were collected from 50 green sturgeon harvested from the
Columbia River, Oregon, USA in August 1999. Our meristic
data expand the observed range for lateral scutes, ventral
scutes, and gill rakers and confirm the published range for
dorsal scutes. We found considerable overlap in meristic
counts of Asian and North American populations of green
sturgeon. Morphometric data showed considerable differences
between populations, especially measures related to snout
length; however, a lack of raw data precluded statistical
comparison. Specific detailed procedures for collecting stur-
geon morphometric and meristic characters should be estab-
lished to facilitate comparison of data.

Introduction

The green sturgeon Acipenser medirostris is a widely distri-
buted yet relatively uncommon anadromous species occurring
along the Eastern Pacific coast of North America from
southern California to the Bering Sea (Miller and Lea 1972).
Along the Western Pacific coast, this species has been reported
from the Amur River south to the Sea of Japan (Soldatov
1915; Masuda et al. 1984). Current spawning populations are
known only in the Sacramento, Klamath, and Rogue rivers of
North America and in the Tumnin River, Russian Federation
(formerly USSR). Targeted research has, until recently, been
virtually nonexistent (Nakamoto et al. 1995; Van Eenennaam
et al. 2001; Erickson et al. 2002; T. Rien, Oregon Department
of Fish and Wildlife, personal communication; R. Shaffter,
California Department of Fish and Game, personal commu-
nication), resulting in a weak understanding of the population
status, biology and habitat needs of this species. Species
classification has been equally confusing: at various times,
Asian populations of the green or ‘Sakhalin’ sturgeon have
been classified as 4. mikadoi (Hilgendorf 1892; Okada and
Matsubara 1938; Matsubara 1955; Birstein 1993), A. mediros-
tris (Berg 1948; Andriyashev and Panin 1953; Masuda et al.
1984; Artyukhin and Andronov 1990), and A. medirostris
mikadoi (Lindberg and Legeza 1965). Recent genetic compar-
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isons of Asian and North American populations of green
sturgeon provide evidence for separate species classification
(Birstein et al. 1993; Blacklidge and Bidwell 1993; Birstein and
Bemis 1997).

The objective of this study was to collect a representative
sample of meristic and morphometric measurements from a
population of North American green sturgeon to further
ongoing comparisons with Asian populations of this species.
This report documents the specific methods we used to
measure morphometric and meristic characters, and compares
our results with data for other green and white sturgeon,
A. transmontanus, populations. We were unable to complete a
statistical comparison of our findings with results for other
green sturgeon populations as comparable raw data for other
studies could not be obtained.

Materials and methods

Six meristic and 12 morphometric characters reported in
Artyukhin and Andronov (1990) were collected from 50 green
sturgeon [125-170 cm total length (TL)] harvested from the
Columbia River estuary near Astoria, Oregon, USA during a
4-5 August 1999 commercial gillnet fishery. Fish were iced in
plastic totes and refrigerated overnight prior to sampling. Data
was also collected from a single adult (198 cm TL) green
sturgeon captured on 27 July 2000 at river kilometer 24.0 on
the Rogue River, Oregon.

Definitions of most counts and measurements were obtained
from Hubbs and Lagler (1958), Scott and Crossman (1973),
Birstein et al. (1997), and personal communication with
Martin Hochleithner (Aqua Tech, Kitzbiihel, Austria). A few
measurements (maximum body depth and snout width at
mouth) were subject to some interpretation because published
descriptions could not be obtained or lacked exact methodol-
ogies. For example, we did not include dorsal scutes when
measuring maximum body depth. Detailed descriptions of the
counts and measurements collected are defined in Table 1 and
Fig. 1.

Measurements of TL, head length, snout length to eye, post-
orbital distance, depth of head at eye, maximum body depth,
and pectoral fin length were made to the nearest millimeter
(except TL = cm) along the left lateral side. Measurements of
snout to barbels and barbels to mouth were measured along
the mid-ventral surface. Inter-orbital distance, snout width at
barbels, and snout width at mouth were transverse measure-
ments. Measurements relative to the mouth were recorded to a
transverse line through the mouth in a closed position rather
than to the anterior edge of the oral cavity as this point was
not clearly defined. Lateral scutes, ventral scutes, and gill

www.blackwell.de/synergy



A comparison of meristic and morphometric characters of green sturgeon Acipencer medirostris 235

Table 1
Definitions of morphometric measurements and meristic counts collected from green sturgeon harvested in the Columbia River, Oregon, August
1999. All measurements are linear distance to the nearest mm except total length (cm)

Total length: The anterior tip of the rostrum to the end of the upper lobe of the caudal fin in its natural position.

Head length: The anterior tip of the rostrum to the posterior margin of the operculum including the fleshy margin.

Snout length to eye: The anterior tip of the rostrum to the center of the eye.

Post-orbital distance: The posterior margin of the eye to the posterior margin of the operculum including the fleshy margin.

Inter-orbital distance: The distance between dorsal margins of the orbits.

Depth of head at eye: With the fish placed in a natural, upright position on a flat surface, the maximum depth of the head from the surface
on a plane through both eyes.

Maximum body depth: With the fish laying in a natural, upright position on a flat surface, the maximum depth of the body from the surface
to the most dorsal body-trunk point between scutes. Moderate manual lateral compression was applied as this measurement
was taken to compensate for dorsal compression caused by the weight of the fish on the table.

Pectoral fin length: The anterior origin of the pectoral fin to the most distal margin.

Snout length to barbels: The anterior tip of the rostrum to the midpoint between the anterior insertion of the center barbels.

Barbels to mouth: The midpoint between the posterior insertion of the center barbels to a transverse plane through the center of the
closed mouth.

Snout width at barbels: Snout width on a transverse plane through the barbel insertion row.

Snout width at mouth: Snout width on a transverse plane through the center of the mouth in a closed position.

Dorsal scutes: The number of large, dorsal scutes between the head and the anterior insertion of the dorsal fin, excluding small,
unhooked plates (scutelet) that occasionally occurred in pairs immediately anterior of the dorsal fin. The first anterior dorsal scute
was counted if it was independent of the cranial plate structure.

Lateral scutes: The number of left-side lateral scutes and scutelets beginning with the first anterior scute not connected to the pectoral girdle
(cleithrum), posterior to the last lateral scutelet anterior to the point where the lateral line turns upward into the upper lobe of the caudal fin.

Ventral scutes: The number of left-side ventral scutes with keels anterior to the pelvic fin terminating under the pectoral fin. Scutelets were
not observed.

Gill rakers: The combined number of complete and rudimentary gill rakers on both limbs of the first gill arch (not the pseudobranch).

Absolute

Greatest body depth
Snout to eye

Snout width

T

Width at barbels

Post-orbital

Snout to Barbel

Barbels to mouth

Dorsal scutes

‘l 1{ 1 Dorsal fin

Gill rakers

Lateral scutes

Fig. 1. Morphometric and meristic characters collected from green sturgeon harvested in the Columbia River, Oregon, August 1999. Drawings
by Paul Vescei
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rakers were enumerated from the left side of fish. Dorsal scute
counts excluded small, keel-less scutelets often observed in
pairs immediately anterior to the dorsal fin. Data for dorsal
and anal fin ray counts of Columbia River specimens are not
presented because we mistakenly enumerated only principal
rays rather than counting all fin rays. All measurements
represent a straight line along the left side or midline of the
fish. Measurements were collected with calipers or dividers and
a metric ruler, except that head and body depth were measured
with two, inter-locked combination squares.

Table 2
Summary of four meristic characters collected from 50 Columbia River
green sturgeon, August 1999

Character Mean Range SE SD
Total length (cm) 148 125-170 2.1 14.6
Dorsal scutes 9.4 7-12 0.2 1.1
Lateral scutes 28.5 22-33 0.4 2.8
Ventral scutes 9.2 7-12 0.2 1.1
Gill rakers 19.0 15-26 0.4 2.5

Table 3

Results

Mean values of meristic characters are summarized in Table 2.
A comparison with references citing original and undocu-
mented data for green sturgeon, as well as some common
references for white sturgeon, are provided in Table 3. Our
meristic data expand published ranges for several characters of
this species including lateral scutes (22; minimum), ventral
scutes (12; maximum), and gill rakers (26; maximum). Because
we sampled significantly more fish than previous studies, our
data confirms other original data for dorsal scutes (7-12) and
gill rakers (15 minimum). Inclusion of data from 28 references
that could not be authenticated as being original (rather than
references to other work) would increase the maximum range
of lateral scutes to 36 (Matsubara 1955; Masuda et al. 1984)
and extend the lower range for anal fin rays to 18 (Dumeril
1870). Considering the absolute of published ranges provided
in Table 3, there appears to be little difference in meristic
characters between Asian and North American populations of
green sturgeon. There is also an overlap in ranges of several
meristic characters between green and white sturgeon, especi-
ally ventral scutes and anal fin rays. Lateral scute count was
the only character we identified without overlap between
species. Summaries of characteristics observed by the authors

Summary of documented ranges for six meristic characters of Asian and North American (NA) populations of green sturgeon. Several references

for white sturgeon are included for comparison

Source Origin  Dorsal scutes  Lateral scutes  Ventral scutes Dorsal rays  Anal rays  Gill rakers n
Green Sturgeon
Artyukhin and Andronov (1990)  Asian 8-11 26-33 5-10 29-44 19-27 18-21 10?
Hilgendorf (1892) Asian 10 30-31 39-43 9b
Jordan and Snyder (1906) Asian 7-8 34 9 3544 28-31 1€
Ueno and Abe (1966) Asian  10-11 28-34 35-39 26-27 24
Ayres (1854) NA 11-12 25-27 10-11 35 24 1¢
Deng (2000) NA 8-10 24-28 5-6 40-44 26-32 5f
Norris (1957) NA 9 28 9 40-42 28-29 18
ODFW (this report) NA 7-12 22-33 7-12 15-26 50h
ODFW (this report) NA 9 25 8 37 25 25 I
Schreiber (1959) NA 23-30 35-40 21-27 15-19 4
Snyder (1908) NA 11 27 9 1
28 undocumented references' Both 7-11 22-36 5-10 33-42 18-30 18-20 ?
Documented absolute ranges for green sturgeon
Asia 7-11 26-34 5-10 29-44 19-31 18-21 =13
North America 7-12 22-33 5-12 3544 21-32 15-26 =63
All 7-12 22-34 5-12 29-44 19-32 15-26 76
White Sturgeon
Hart (1973) NA 11-14 38-48 9-12 44-48 28-31
Miller and Lea (1972) NA 11-14 38-48 9-12 44-48 28-31 )
Schreiber (1959) NA 36-46 42-53 27-32 23-30 31
Scott and Crossman (1973) NA 11-14 38-48 9-12 44-48 28-30 34-36
Absolute ranges for white sturgeon
North America 11-14 36-48 9-12 42-53 27-32 23-36

% Adults from Tumnin (Datta) River estuary, Russian Federation (formerly USSR).

® Unknown life stage from northern waters of Japan.
¢ Preserved specimen from unknown location.

9 One juvenile from Konbumori and one from near the mouth of the Ishikari River, Japan.
¢ Juvenile from unknown location. Text refers to one specimen but states range for counts.
f'Young-of-year progeny from adults collected in Klamath River, California, USA.

€ Juvenile from Point Vicente, Los Angeles County, California, USA.
_h Adults from Columbia River estuary, Oregon, USA.

! Adult from Rogue River, Oregon, USA.

Y Young-of-year from Old, Sacramento, or Eel rivers, California, USA.
K Adult from Klamath River estuary, California, USA.

! Dumeril (1870); Kirsch and Fordice (1889); Berg (1911); Snyder (1912); Okada and Matsubara (1938); Schultz (1938); Berg (1948); Matsubara
(1955); Dees (1961); Migdalski (1962); Vladykov and Greeley (1963); Clemens and Wilby (1967); Bane and Bane (1971); Miller and Lea (1972);
Bond (1973); Fry (1973); Hart (1973); Scott and Crossman (1973); Moyle (1976); Carl et al. (1977); Bond and Beardsley (1978); Wydoski and
Whitney (1979); Morrow (1980); Masuda et al. (1984); Wang (1986); Conte et al. (1988); Moyle et al. (1995); PSMFC (1996).
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Table 4 .
Guidelines for field identification of Characteristic

green and white sturgeon in North
America Color

White Sturgeon Green Sturgeon
Gray Dark or olive green
Dorsal scutes 11-14 7—12 (usually sharp)
Lateral scutes® 36-48 22-33 (usually sharp)
Ventral scutes 9-12 5-12 (usually sharp)
Dorsal fin rays 42-53 35-44
Barbels Equidistant between mouth Equidistant between mouth
and tip of snout or closer and tip of snout or closer to mouth
to snout
Longitudinal stripes® None Olive green, two lateral from pectorals

Position of anus®

Scutes between anal fin
and pelvic fin

Scutes between dorsal
and caudal fin

Snout

to pelvics; one on the anterior
ventral surface
Posterior of anal fin insertion Anterior to anal fin insertion

Two rows of 4-8 scutes each One or two rows of 1-4 scutes each
Not present May be present
Generally less pointed Generally more pointed

% Most useful in field.

and reported in literature (Berg 1948; Migdalski 1962;
Clemens and Wilby 1967; Bond 1973; Fry 1973; Moyle 1976;
Carl et al. 1977; Morrow 1980; Wang 1986; Artyukhin and
Andronov 1990; Lane 1991; Moyle et al. 1995) that can be
used for field identification of green and white sturgeon are
provided in Table 4.

Comparative morphometric data indicate that Asian green
sturgeon may have a longer, narrower head than the fish we
examined (Table 5). This difference appears to be driven by the
length of the snout anterior to the eyes. Measurements of head,
snout, snout to barbels, and barbels to mouth length show little
or no overlap, whereas post- and inter-orbital length, depth of

Table 5
Summary of 12 morphometric charac- ~ Character
ters of Asian (Artyukhin and Andro-

nov 1990) and North American (North
et al. this report) green sturgeon Total length (cm)

Artyukhin and North et al. North et al.
Andronov 1990% this report® this report®
n 8 50 1
range 148-180 125-170 198
mean (+SE) 163 (4.0) 148 (2.1) 198
Head length n 8 50 1
% of TL 22.4-24.3 16.2-21.6 19.2
mean (£SE) 23.3 (0.3) 18.8 (0.2) 19.2
Snout length to eye n 8 50 1
% of TL 10.0-12.0 5.0-9.9 7.6
mean (£SE) 10.9 (0.2) 7.4 (0.2) 7.6
Post-orbital distance n 8 50 1
% of TL 10.9-12.1 10.2-12.3 10.7
mean (£SE) 11.3 (0.1) 11.2 (0.1) 10.7
Inter-orbital distance n 7 50 1
% of HL 30.3-37.1 34.1-42.8 37.1
mean (£SE) 34.1 (1.0) 38.5(0.3) 37.1
Depth of head at eye n 7 50 1
% of TL 5.6-6.4 5.4-7.8 5.2
mean (£SE) 6.0 (0.1) 6.5 (0.1) 5.2
Greatest body depth n 8 50 1
% of TL 11.9-16.9 9.2-13.0 10.2
mean (£SE) 13.5(0.5) 10.2 (0.1) 10.2
Pectoral fin length n 7 50 1
% of TL 11.5-13.5 10.7-15.4 10.2
mean (+SE) 12.5(0.2) 12.7 (0.1) 10.2
Length of snout to barbels n 7 50 1
% of HL 26.2-30.7 12.4-24.8 22.1
mean (+SE) 27.7 (0.8) 19.2 (0.4) 22.1
Barbels to mouth n 7 50 1
% of HL 17.8-21.3 21.3-29.3 16.6
mean (+SE) 19.4 (0.5) 26.0 (0.3) 16.6
Snout width at barbels n 7 50 1
% of HL 28.7-35.1 27.2-36.6 27.9
mean (+SE) 31.6 (1.0) 31.9 (0.3) 27.9
Snout width at mouth n 7 50 1
% of HL 35.7-45.4 43.7-59.6 35.5
mean (+SE) 40.6 (1.5) 50.1 (0.4) 35.5

# Tumnin (Datta) River green sturgeon (Asian) collected in 1986 and 1987.
® Columbia River green sturgeon (North American) collected in August 1999.
¢ Rogue River green sturgeon (North American) collected in July 2000.
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head, snout width at barbels, and width of the head were
similar. Data for the single specimen collected from the Rogue
River was similar to mean values for Columbia River fish.

Discussion

Collection of morphometric data was an extremely tedious
procedure, but the importance of collecting a large sample was
clearly evident. As more fish were examined, individual
differences became readily apparent, reaffirming the need to
collect a representative sample. Meristic characters were much
easier to evaluate and seem to be advantageous because most
counts can be collected from live fish. However, meristic data
alone may not provide the detail necessary to discern dissim-
ilarities between different populations of the same species.
Being the only mutually exclusive character of green and white
sturgeon, the lateral scute count is a useful method for
differentiating between these two, often co-existing, species.

Although it is difficult to collect a large sample of morph-
ometric measures from live fish, it is also important for dead
specimens to be in good condition so that measurements are
representative. We observed minor deformities in some fish as a
result of their overnight storage on ice. Measurements of head
depth and maximum body depth of some dead specimens may
have been slightly biased because the ventral body wall seemed
less firm than those of live fish. To compensate for the effects of
gravity, we applied moderate manual lateral compression
during the measurements. This method seemed reasonable,
but we do recognize the potential for bias. All meristic data and
most other measurements were likely not affected.

We had some difficulty discerning the exact procedures to
measure some characters because comprehensive methods
detailing precise collection specific to sturgeon are not readily
available (Hubbs and Lagler 1958; Schreiber 1959; Birstein
etal. 1997). We attempted to duplicate measurements recorded
by Artyukhin and Andronov (1990) but found that many
characters were subject to interpretation. It is important for
researchers to investigate existing methodologies prior to
conducting sampling and to report precise definitions of
methods used to collect data. Specific, detailed procedures
for measuring morphometric and meristic characters of
sturgeon should be established to facilitate comparison of
data from different studies.
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