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~ torsi of 2,692 While sturgeon (~¢lpense~ f~smo~f~ngs} an~ 54.
g~een sfurgeon (~¢~pe~se~ medl~osfr~s) were fagge~ in 1967 an~ 1968,
Tag refu~ns f~om wh}fe sfurgeon ~n~¢afe fhaf the populaflon ~nhah~fs
the lower esfuary ~u~ng the summe~ fall ~n~ wlnfen An appa~enf
spawning m~g~ffon occurs ~u~ng lafe w~nfe~ an~ sp~ng, Two green
sfurgeon were ~ecapfu~e~ af thee mouth of the Columbia R~ver~ one ~n KnJc
Wash~ngton~ one at Sant~ Cruz and one ~n the estuary.

INTRODUCTION
Taggh~g o~ s~urgeon h~ 1954 (Chadwick, 1959) revealed ~*ery ]~fle

concern~g wh~e sturgeon m~gradon. One white s~urgeon ~agged h~
San Pablo ~ay was caugh~ at d~e mouth of the Columbia ~iver 294
days la~er. All other ~g returns from wh~e s~urgeon ~ere ~rom San
~ablo Bay ~o the confluence of H~e Sacramento-San Joaqu~n rivers. No
upstream returns were obtained. Twenty-five green sturgeon were
~agged ~a 1954. Three ~gs were returned from Oregon (Chadwick

In 1967, we tagged 1,612 white surgeon and 26 green sturgeon. In
/1968, we tagged 1,080 white s~urgeon and 28 green sturgeon. ~os~ of /~he tagging was done in San ~abo Bay. All s~urgeon tagged were legal /sized fish, 40 inches ~ or larger. For a descripHon of tagging methods,

see Miller (1972).

MIGRATION OF WHITE STURGEON ~ 9

~g~re L All years o~ re~r~s were eo~bh~e~ ~h~ee ~e~enees behvee~
yea~s eo~l~ no~ be ~seerta~e~ ~ue ~o t~e sm~11 n~be~ o~ ret~s ~

Over 73~ of the ~ag returns ~ere received from ~he Su~sun and San
Pablo areas (Areas 6 and 7), Table 1. The fishery in lhese areas exisis
~hroughout l!~e year, bu% is concentra%ed in %he period from November 8
~o March. Over 63% of the returns from these ~wo areas were received
during these 5 months. S~urgeon returns from the Del~a (Area 9)
were only 3% of %he %o~al and were concen%ra~ed in H~e win~er and sc~e
spring months.
~h~{udy was performed as part of Dingell-Yohnson Project Calffo~]a FgR

~tud~ o~ Sturgeon and Striped Bass", supported b,, Fed~-~’ ..... ..... ,.. _ FIGURE 1. The Sacramenfo.San Joaquln estuary showing fag return areas.
~unas. Accepted for publicat~on November ~97~.



104 CALIFOR~IA t~ISH AND GAI~E

l~{any sturgeon appear to migrate to the lower Sacramento River
(Area 2) in the winter prior to the spawning season and move on up
the Sacramento River (Areas 1 and 5) from :~{areh through June.
Returns from the upper Sacramento River were scattered between the
mouth of the Feather R.iver and Colusa.

This time period agrees well with known spawning times determined
by sampling larvae (,S,,tevens and ~iller, 1970). Larvae were caughtin the Sacramento 1~i~ er system from l~{~rch 28 to i~ay 21, 1968. Ta~
returns from the upper Sacramento Ri~er ranged from ]~arch 26 ~o
l~{ay 11, 1968.

The average size of fish caught in the upstream areas was nearly 52
inches ~ at tagging which is about 4 inches above the average size of
the tagged population. It is not known at exactly what size sturgeon
become sexually mature although we have found female sturgeon
mature at 45 inches. The likelihood of being mature increases with size
and age so it is not surprising that the average size of fish caught in
the spawning area is larger than the population mean size.

Tag returns suggest that the Sacramento l~iver is the major spawn.
ing area for the white sturgeon. The fact that one sturgeon was
caught in the Feather River in April indicates that spawning may
occur there. The San Joaquin River may have been an important
spawning area prior to its degradation by man. In 1968 flows were low
in the San Joaquin River when the two sturgeon were caught there.
One of these sturgeons was caught 7 miles north of ]~odesto and the
other 3 miles south of San Joaquin City¯ No sturgeon larvae ~ere
caught in the San Joaquin River in the spring of 1968 during some
exploratozT sampling.

MIGRATION OP ~RHHN STUR~HON
Of the 54 green sturgeon tagged, 5 returns were received. Four of

these fish were tagged in October 1967 and were recaptured by commer-
cial fishermen. They ranged from 45 to 50 inches w~ a~ tagging. The
dates and localities of recapture were December 28, 1967 near Santa
Cruz, California; September 20, 1968 at the mouth of the Columbia
River; July 25, 1969 at Gray’s Harbor, ~¥ashington; and August 17.
1970 at Astoria, Oregon. The return from Gray’s Harbor is the farthesi
north of all returns receipted from green sturgeon tagged in San Pablo
Bay. One green sturgeon tagged in October 1967 was recaptured in
San Pablo Bay on January 1, 1971.

CONCLUSIONS
White sturgeon appear to be confined principally to the estuary,

spending the summer, fall and w~nter in the lower bays and Del~a. Tl~e
fish which are going to spawn migrate upstream during February,
i~arch, April and ]~ay, then return downstream. Green sturgeon re-
turns corroborate previous findings (Chadwick, 195~) that they spend
more time in the ocean than white sturgeon and mo~ e considerable dis-
tances along the coast. Tt is not known whether green sturgeon spawn
in the Sacramento-San Joaquin system, but 10 to 20-inch juveniles are
common in the Delta (Radtke, 1966).
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Ph~llosome I=~=e of ~he ~=liforni= spiny lobster were re=red
indivldu=t, multiple, ~nd m=ss ~ultures in l=5or=tory dosed ~ir¢uit
w~te~ systems, t~5or~tory-re~red I~rvae progressed through six ph~llo-
somal stuses in ~ series of e~sht molts. Muximum length of I=rw=i life
in the 1~5or=¢ory w~s 114 d~s; gradual mort~lity india=ted that nutri-
tion=! f~=tors were the likely ~use of de~th.

INTRODUCTION
The ~nten% of this study was to rear the ]ar~’ae of Panulirus inter-

r~p~vs through its 11 phyllosoma! stages i %he laboratory. A%%empts at
laboratory rearing of spiny lobster phyllosome larvae have generally
been limited ~n their success. The only spiny lobster that has been
successfully reared ~hrough its complete phyllosomal development
the laboratory is Scyllarus americanus (Robertson, 1968). No palinurid
phyllosomes have e~’er been carried in the laboratory through %heir
complete larval development. In this study sequence of larval stages,
duration of stages, and number of molts within each stage were ca~e-
fully followed. Particular attention was given to the effects of %6mpera-
ture and food on larval development and su~,ival.

~ATERIAL AND ~ETHOD5
Equipment

Closed circuit sea waier systems were used ~n this study. Plywood
tanks, coa~ed wi~h black fiberglass ~esin, measu;ing 1.5 m x 0.6 m x 0.2
m, were used as culture ~anks for h~dividual a-rid multiple cultures of
phyllosome larvae. Two 5o~ner fil%ezs con%ain~g glass wool and char-
coal were placed i each of these 132 liter (35 gallon) tanks. An ultra-
;icier s~eril~zing unit was attached %o a dynaflow filter
c~cium carbonate chips, charcoal, and glass wool, so tha~ water was
both filtered ~d sterilized before returning ~o the ~nk (Figure 1).
Oyster shell fragmenis were scattered over %he tank bottom to main%ain
a basic pH. Large scale aeration of the %auk was obtained by using
2 ¢m diameter P~rC tube, 1.2 m long, into which a series of sm~l holes
had been dri~ed, i stainless steel rod, sealed in rubber surgical tubing,
was p]aced inside %he air tube to keep i% on the bottom of the %auk.
Small 25 watt heaters were used to maintain tanks at 25 C, while
other tanks were kept at ambient ~oom temperature (20 C). Bla~k
=Accepted for publication November 1971. This research was supported by the Office of
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