STAGES
Volume 33, Number 2
Inside this issue
President’s Message ........... 1
News from the Regions ....... 2
Section Ofﬁcers ................... 2
Special Report ..................... 6
Publications ........................11
Editor’s Ramblings ............ 13

ELHS Back Then
10 years ago: Howard Browman
organizes 26th annual Larval Fish
Conference near Bergen, Norway.
15 years ago: Darrel Snyder creates
Section’s ﬁrst website.
20

years ago: Dave Bengtson
organizes 16th annual Larval Fish
Conference at the University of
Rhode Island.

25 years ago: Bob Hoyt publishes
a 2-volume Bibliography on Early
Life Stages of Fishes. It goes out
of print very quickly.
30 years ago: President Dan Faber
assembles a directory of ELHS
members and “adherents” and
distributes it in 1982.

Deadline for material
to be included in the
next issue of Stages:

September 7, 2012
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Full and Diverse Program Set for
36th Annual Larval Fish Conference
This year’s Larval Fish Conference (2 - 6 July) will be held at the Solstrand Hotel
and Bad, as it was 10 years ago. The Solstrand Hotel is one of the ﬁnest hotels in
Skandinavia. Those who attended the conference in 2002 remember it fondly as a
magniﬁcent venue, a wonderful combination of sessions, and a well organized meeting.
This year, conference organizers Howard Browman and Anne Berit Skiftesvik report that
there will be 142 participants (not counting those that register onsite, of course), 121 oral
presentations, and 33 posters. There will be sessions for contributed papers as well as
four theme sessions:
Assessing the relative contribution of different sources of mortality in the early life stages of
ﬁshes organized by Richard Nash, Audrey Geffen and Guðrún Marteinsdóttir
The contribution of mechanistic behavioural and physiological studies on ﬁsh larvae to ecosystem
models organized by Frode Vikebø and Geir Huse.
Effects of oil and natural gas surveys, extraction activity and spills on ﬁsh early life stages
organized by Sonnich Meier, Bjørn Einar Grøsvik and Erik Olsen.
Quality indicators for larval ﬁshes: wild vs. cultured organized by Lee A. Fuiman and Amos
Tandler.
A complete list of conference abstracts is available at the Larval Fish Conference website: larvalﬁshcon.org or
click here.
§

President’s Message
This is my last message as President of the ELHS, as I now turn the lead over to Catriona
Clemmesen-Bockelmann. At the upcoming meeting in Bergen, Catriona will shift her duties from
Secretary to President and Frank Hernandez will become our new Secretary. A big thanks go to
both for volunteering to take on these responsibilities.
I have much enjoyed my tenure as President. This is an excellent organization with many
dedicated members that put in a lot of time behind the scenes to keep everything functioning and
running smoothly. We are a small group, but I think that is a real advantage in keeping us cohesive and supportive
of our science and each other. For those of you that are new to the section, I hope you will stick with us and beneﬁt
from the great positive atmosphere surrounding our membership.
Many of us have been hit in various ways by the worldwide economic downturn. With shrinking budgets
and fewer job opportunities it is often challenging to keep science programs going and maintain the level of
communication and interaction we would like to have as a scientiﬁc society. The American contingent at this year’s
meeting will be fewer in number largely due to disappearing travel budgets, but I hope many of us will be able to
recoup and make it to the 2013 meeting in Miami. The economy will recover at some point and we will all need to
be ready to take advantage of renewed opportunities when they come.
...continued on p. 12
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News from the Regions
European
Region

Northeast
Region

Audrey Geffen

Dave Richardson

Hubert Keckeis (Hubert.Keckeis@univie.
ac.at), from the Department of Limnology,
University of Vienna, reports on progress in a
large three-year project on larval dispersal in Fig. 2 Alizarin marking of larval carp otoliths
the River Danube. Both laboratory and ﬁeld for mark-recapture experiment
experiments are included, and they have also
natural conditions by conducting mark-recapture
successfully marked and recaptured ﬁsh in the
ﬁeld experiments (Fig. 2). To identify possible
main stem of the river. The project is called
effects of hydraulics, morphology, and behaviour
MODI, Modelling dispersal patterns of ﬁsh
on dispersal patterns, the ﬁeld approach is
larvae in a large river. Funded by the Austrian
accompanied by drift experiments in a ﬂume.
Science Fund (FWF; www.fwf.ac.at), Keckeis
Using an integrated habitat modelling approach,
and his colleagues are studying the dispersal
the observed patterns are superimposed by
patterns of larval ﬂuvial ﬁshes at different hydroparticle traces derived from the application of
morphological habitats in the main river channel
a three-dimensional hydrodynamic model in
of the Danube (Fig. 1). Spatial and temporal
order to deﬁne the triggers and mechanisms of
distributions of marked larval ﬁshes of two
larval dispersal patterns. Implications about the
different ontogenetic stages are studied under
connectivity of spawning and nursery habitats
are made based on this approach;
this knowledge can be used in applied
restoration ecology for large-scale
restoration concepts. The project started
in January 2010 and is an inter-university
collaboration between the University of
Vienna (Hubert Keckeis), the University
of Natural Resources and Life Sciences
of Vienna (Helmut Habersack, Michael
Tritthart) and the Charles Sturt University,
Albury, Australia (Paul Humphries).

Fig. 1 Main channel of the River Danube

Ken Able of Rutgers University Marine Field
Station reports that this year, the Rutgers
University Marine Field Station is celebrating
the 40th anniversary of its establishment. Of
relevance are the last two decades which
focused on the study of the early life history of
ﬁshes.

Two PhD students are involved in the
project: Aaron Lechner is investigating
the distribution patterns of marked

The Coastal Collaboration On Recruitment
(CCOR) effort is continuing. This is a U. S.
east coast wide effort to determine recruitment
patterns for estuarine dependent ﬁshes based,
primarily, on time series of larval ﬁsh ingress.
As examples, we have published a manuscript
that includes aspects of timing and location
of reproduction, larval supply, ingress into
estuarine inlets and post settlement habitat for
the speckled worm eel, Myrophis punctatus
(Able et al. 2011). In a related project led by
Dennis Allen (Baruch Marine Field Laboratory,
University of South Carolina), many of the same
individuals have decided to target Leiostomus
xanthurus in a similar analysis. In another study,
we are evaluating the multiple sources of larvae
spawned in the ocean to Barnegat Bay, New
Jersey (Little Egg Inlet – our long term study site,
Barnegat Inlet, and the Inter Coastal Waterway
from the Manasquan River estuary). Special
attention is focused on ingressing Anguilla
rostrata glass eels and their accumulation below
dams and the means to provide for eel passage
to upstream habitats.

...continued on p. 5
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As part of a broader interest in small
piscivores, we are evaluating predator-prey
interactions between Conger oceanicus elvers
and the glass eels and elvers of Anguilla
rostrata in the laboratory. To date, in one-on-one
trials, Conger is a predator on all these stages
of Anguilla and other Conger while Anguilla only
occasionally preys on other Anguilla. These
interactions between Conger and Anguilla are
likely limited to the lower estuary where they
overlap in time and space.
Other recent publications include an evaluation
of New Jersey surf zones as nurseries (Able
et al. in press), and the response of Lutjanus
griseus to winter mortality and climate change
(Wuenschel et al. in press).
We are accepting applications for a oneyear (with a possible extension depending on
funding) postdoctoral fellowship. Individuals
with interests in ﬁsh and ﬁsheries ecology, with
an emphasis on species declines (e.g. winter
ﬂounder, weakﬁsh) based on long-term time
series, are invited to apply. At RUMFS, these
time series include larvae (weekly for 21 years)
and juveniles (weekly for 18 years). Ability to
work with a team of faculty, graduate students,
undergraduate summer interns, and staff is
an important qualiﬁcation. For information
concerning this position, please send a C.V. and
contact Ken Able.
Recent and Pending Publications
Able, K. W., D. M. Allen, J. A. Hare, D. E. Hoss,
K. E. Marancik, G. Bath-Martin, P. M. Powles,
D. E. Richardson, J. C. Taylor, H. J. Walsh, S.
M. Warlen, and C. Wenner. 2011. Life history
...continued on p. 5

Western
Region
Dan Margulies
Swimming ability in larval and
pelagic
juvenile
rockﬁshes
(Sebastes spp.)
Neosha Kashef, a student at Moss Landing
Marine Laboratories, recently completed her
M.S. thesis research on the ontogeny of critical
swimming ability in larval and pelagic juvenile
rockﬁshes (Sebastes spp.). Rockﬁshes are
viviparous and unique in having a long pelagic
phase, remaining in the water column for weeks
to months after metamorphosis before settling
to demersal habitats. Movements of larvae and
pelagic juveniles during this period are largely
unknown although it is traditionally assumed
that young rockﬁshes are planktonic, moving
at the mercy of ocean currents. In this study,
critical swimming capabilities of six rockﬁsh
species — blue (S. mystinus), yellowtail (S.
ﬂavidus), brown (S. auriculatus), kelp (S.
atrovirens), gopher (S. carnatus), and splitnose
(S. diploproa) — were evaluated to determine
their ability to behaviorally inﬂuence dispersal.
Results indicate that swimming ability
increases throughout ontogeny, and postﬂexion
rockﬁshes can swim faster than mean current
speeds along the California coast. Sebastes
spp. critical swimming speeds are substantially
lower than those obtained from larvae and
juveniles of tropical ﬁshes at similar body
sizes. Rockﬁshes, however, have comparable
swimming speeds to some tropical species at

Rockﬁsh development. a) Kelp rockﬁsh larva at
parturition, which lacks fully developed ﬁns (5 mm
TL); b) Larval brown rockﬁsh at ﬂexion, showing
caudal ﬁn rays forming and development of more
muscle mass (9 mm TL); c) Pelagic juvenile kelp
rockﬁsh at settlement stage have all ﬁn rays and
resemble miniature adults (20 mm TL).

settlement, since rockﬁshes settle at larger
sizes. The increasing ability of rockﬁshes to
swim faster than current velocities throughout
their pelagic life history phase, acting as
nekton rather than plankton, enhances
both retention and dispersal potential and
has important implications for survival and
distribution. Neosha was co-advised by Dr.
...continued on p. 5

Miniature ﬂume used to swim larval stages (27 cm length). Water enters the ﬂume and hits a weir, which spreads the ﬂow. The straws act as ﬂow straighteners creating laminar ﬂow and the mesh at the end retains the larva at exhaustion.

ELHS website: www.elhs.cmast.ncsu.edu
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Paciﬁc Rim
Region
Iain Suthers
Workshops on growth–survival
paradigm in early life stages of ﬁsh:
The paradigm needs a synthesis
Akinori Takasuka1 (takasuka@attrc.go.jp),
Dominique Robert2, Jun Shoji3, Pascal Sirois4,
Ichiro Aoki5, Louis Fortier2, Yoshioki Oozeki1
1

National Research Institute of Fisheries
Science, Fisheries Research Agency,
Yokohama, Japan

2

Département de Biologie, Québec-Océan,
Université Laval, Québec, Canada

3

Takehara Fisheries Research Station,
Hiroshima University, Hiroshima, Japan

4

Research Chair on Exploited Aquatic Species,
Laboratoire des sciences aquatiques,
Université du Québec à Chicoutimi, Québec,
Canada

5

Department of Aquatic Bioscience, Graduate
School of Agricultural and Life Sciences, The
University of Tokyo, Tokyo, Japan

Growth and survival are tightly coupled in
early life stages of ﬁshes. Larger and/or fastergrowing individuals (or populations) are more
likely to survive than smaller and/or slowergrowing conspeciﬁcs. This “growth–survival”
paradigm (originally the “growth–mortality”
hypothesis; Anderson 1988) was given much
attention in studies on recruitment dynamics

of ﬁshes. However, attempts to predict yearclass strength from early growth dynamics have
generally failed.
Nevertheless, much progress has been
achieved through numerous ﬁeld, laboratory,
and modeling studies, since the landmark
publication of Anderson (1988). For example,
different functional mechanisms have been
proposed to explain the relationship between
growth and survival (Hare & Cowen 1997,
Takasuka et al. 2003, Leggett & Frank 2008).
In general, ﬁeld studies tended to support the
paradigm/mechanisms (e.g. Meekan & Fortier
1996, Hare & Cowen 1997, Sirois & Dodson
2000, Takasuka et al. 2003, Shoji & Tanaka
2006, Robert et al. 2007). On the contrary,
some experimental studies provided evidence
contrary to the paradigm (Litvak & Leggett
1992, Lankford et al. 2001, Munch & Conover
2003). Moreover, recent studies revealed
variability in the direction of selection occurring
in the ﬁeld (Robert et al. 2007, Sponaugle et al.
2011, several recent works from our teams).
Processes driving recruitment seem to be
more complex than assumed by the paradigm.
We now consider that there is a need for
synthesizing these apparently contrary results
into a new conceptual framework.
To tackle this issue, we held a Japan–Québec
collaboration workshop on “Growth–survival
paradigm in early life stages of ﬁsh: Theory,
advance, synthesis, and future” in Yokohama,
Japan, from October 26 to November 1, 2011,
with the support of Grant-in-Aid for Young
Scientists (A) from the Ministry of Education,
Culture, Sports, Science and Technology of
Japan, and Québec-Océan programs. The
follow-up workshop was then held in Vancouver,
Canada, from May 23 to 26, 2012, with
partial support from the Research Chair
on Exploited Aquatic Species. These
workshops were designed to produce a
review paper in which we will expose our
ideas and perspectives on the paradigm
through synoptic reviews.

A scene from Japan–Québec collaboration workshop in
Yokohama from October 26 to November 1, 2011. From left to
right: Jun Shoji, Akinori Takasuka, Pascal Sirois, Dominique
Robert, Yoshioki Oozeki (adviser); top panels from left to
right: Ichiro Aoki and Louis Fortier (advisers).
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First, we reviewed recent advances in
studies on the paradigm and its functional
mechanisms. Second, we synthesize
published results of ﬁeld and experimental
tests of the paradigm/mechanisms through
comparisons among different geographic
regions, ecosystems, taxonomical groups,
and life history strategies. Finally, we
provide a list of recommendations for the
direction of future studies toward predicting
recruitment success. Through these topical
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discussions, we also found a strong trend for
publication bias in paradigm test studies.
As products of these workshops, a review
paper will be submitted for publication in the
primary literature. This review will be preceded
by the publication of an essay paper on the
issue of publication bias, which will be presented
at the 36th Annual Larval Fish Conference in
Bergen, Norway (Sirois et al. 2012).
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Greg Caillet of Moss Landing Marine
Labs and Dr. Susan Sogard of
NOAA Fisheries and this work is in
collaboration with Dr. Rebecca Fisher.
A manuscript is in preparation. §

Grothues, T. M., and K. W. Able. (In prep.)
The larval and pelagic ﬁsh assemblage of
Delaware Bay.

Relationship between absolute
critical swimming speed log Ucrit (cm
s-1) and size of ﬁve species of larval
Sebastes spp. at parturition.

Wuenschel, M. J., J. A. Hare, M. E. Kimball and
K. W. Able. (In press.) Gray snapper (Lutjanus
griseus) distribution and climate change:
I. Quantifying juvenile thermal tolerance
and its constraint on adult range. Journal of
Experimental Marine Biology and Ecology. §
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drifting and settling larvae in the main channel
of the River Danube. It is generally assumed
that the longitudinal distribution of larval and
juvenile ﬁshes is random and mainly related to
hydrodynamic forces. Recent studies showed
that movement by ﬁsh larvae in riverine
nearshore habitats is not completely passive
via drift, suggesting active dispersal and habitat
choice. For this purpose, he observes travel
paths of released ﬁsh larvae at a natural and
a regulated shore of the Danube. A comparison
of these paths with those from passive particles
is being used to shed new light on the mode
of transport (active or passive). Lechner is also
studying the effect of different habitat conditions
on growth patterns of recaptured larvae. Finally,
he intends to predict the optimal range between
the spawning area and the next nursery area
based on the travel paths for the different
developmental stages and mesohabitats.
PhD student Martin Glas is analysing larval
dispersal patterns with a 3D numerical model in
combination with a particle-tracing model with
the objective of improving the predictive capacity of modelling larval dispersal processes. He is
using measurements of ﬂow velocity ﬁelds and
water levels of laboratory and ﬁeld experiments
for the calibration and validation of the numerical model. The accompanying ﬂume experiment
(Fig. 3) serves as calibration of the particle-tracing model, which is applied in the ﬁeld experiment. The particle-tracing model, representing

only a passive particle without mass, is extended by a newly developed
larval module, which represents swimming properties (e.g., swimming
behaviour,
swimming
ability) of larvae. Observed larval travel paths
within the ﬂume are used
to validate the developed
larval module (Fig. 4).
The ﬁndings of the ﬂume
experiment are tested
in the ﬁeld and spatiotemporal patterns of larval dispersal processes
are investigated.
§

ELHS website: www.elhs.cmast.ncsu.edu

Fig. 3 Experimental ﬂume tank.

Fig. 4 Hydrological model for ﬂume.
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Special Report
How Well Do We Know the
Early Life Stages of Our
Freshwater and Anadromous
Fishes?
In Spring 2010, we, the authors listed below, did a survey of 47 guides
and other selected publications or reports describing or summarizing
descriptions of the early life stages of ﬁshes in the fresh waters of the
continental United States and Canada. We did this to document the
extent of coverage and quality of illustrations and descriptive text and
data therein and provide an initial overall assessment of the current
state of such information. The results were summarized in the lead
presentation for a topical session on Descriptions and Identiﬁcation held
during the 34th annual AFS-ELHS Larval Fish Conference (Santa Fe, New
Mexico, 31 May to 2 June 2010 — www.larvalﬁshcon.org/Conf_home.
asp?ConferenceCode=34th; see also article on that topical session in the
October 2011 issue of STAGES). The PowerPoint ﬁle (slides and text) for
the presentation is available for download or viewing at our ELHS website
(www.elhs.cmast.ncsu.edu). An extended abstract for the presentation
and a tabulated summary of selected results for larvae by family follow.
An Initial Assessment of Descriptive Information
Available for Embryos, Larvae, and Early Juveniles
of Fishes in Fresh Waters of the United States and
Canada
by
Darrel E Snyder, Larval Fish Laboratory, Colorado State University,
Fort Collins, CO.
Nancy A. Auer, Dept. Biol. Sci., Michigan Technological University,
Houghton, MI.
Larry K. Kay, Cherokee, AL.
Colleen D. Kernehan, Environmental Consulting Services, Inc.,
Middletown, DE.
Ronnie J. Kernehan, Lewes, DE.
Alice J. Lippson, St. Michaels, MD.
Rene C. Reyes, Bureau of Reclamation, Byron, CA.
Matthew J. Scripter, Dept. Biol. Sci., Florida Institute of Technology,
Melbourne, FL.
Sean C. Seal, Larval Fish Laboratory, Colorado State University, Fort
Collins, CO.
Elizabeth A. Sturm, Fairbanks, AK.
C. Tate Wilcox, Larval Fish Laboratory, Colorado State University,
Fort Collins, CO.
The embryos, various larval phases, and early (usually young-ofthe-year) juveniles of ﬁshes are morphologically and often ecologically
distinct from each other as well as later juveniles and adults. Accordingly,
knowledge of ﬁsh early life history is often essential to better understanding
aquatic ecosystems and communities, assessing environmental impacts,
monitoring reproduction and recruitment, and more effectively protecting,
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recovering, or managing ﬁsh populations and habitat. Acquisition of that
knowledge and pertinent study data through ﬁeld investigations usually
requires accurate identiﬁcation of collected specimens. But even today,
the eggs, larvae, and early juveniles of most species remain undescribed
or inadequately described for identiﬁcation purposes.
Of over 800 species of freshwater and anadromous ﬁshes in the
continental United States and Canada, it was estimated that only about
15% had been adequately described as larvae for identiﬁcation purposes
by the mid-1970’s (Snyder 1976) and still less than 25% by the mid1990’s (Snyder 1996), but neither estimate was well documented. By
the mid-1990’s, much of that descriptive information had been provided
or selectively compiled and summarized in about 20 regional freshwater
and estuarine larval ﬁsh or early life-history manuals. Several more
guides have been published since 2003 (and a few more are currently
in preparation).
To better document and provide an initial assessment of the current state
of our knowledge of the early life stages of freshwater and anadromous
ﬁshes in the continental United States and Canada, we assessed the
contents of 47 publications or reports, including nearly all pertinent guides
and several other, opportunistically selected, descriptive documents. Our
species list was borrowed with permission from the “Fish-Traits” database
of Frimpong and Angermeier (2009) and supplemented with additional
Canadian species and estuarine species known to frequently use
adjacent fresh waters as spawning or nursery grounds. Using identically
formatted spreadsheets, we coded our assessments for the quantity
and quality of illustrations and descriptive text and data in each species
account for each of four developmental intervals: the embryonic period
(including egg characteristics); the yolk-sac and post yolk-sac phases of
the larval period; and the early, young-of-the-year, portion of the juvenile
period. To compile and summarize the data, all spreadsheets were
incorporated as worksheets in one large three-dimensional spreadsheet
(workbook). The maximum code values for assessed quantity and quality
categories from among all sources were used to determine how well each
species was described for each developmental period (embryonic, larval
and juvenile) and overall for all three periods combined. Finally, array
bins and frequency functions were used to determine the number and
percentage of species that were minimally, moderately, or well described
by developmental period and overall within selected families and for all
families combined.
Overall, we found that 43% of the 823 freshwater or anadromous ﬁshes
in the United States or Canada have been at least minimally described for
at least one early developmental period, but possibly only as few as 5%
have been well described (assessed as good to excellent in coverage and
quality of that coverage) for all three periods, embryonic, larval, and early
juvenile (bottom of Table 1). For the larval period, 26% of all species have
been well described – probably well enough for identiﬁcation purposes.
However, among families with at least several species, the percentage
varies dramatically from 6% for Petromyzontidae and 15% for Cyprinidae
to 75% for Clupeidae and Acipenseridae (Table 1). For the embryonic
period, descriptions for only 6% of the species were assessed as good
to excellent. However, embryology may actually be well described for a
signiﬁcantly greater percentage of species because many early life history
guides note the existence of embryological descriptions but do not include
much, if any, of the details or illustrations in their species accounts. For
early juveniles, only 21% of the species descriptions were assessed as
...continued on p. 8
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_________________________________________________________
Family, phyloNumber
Percentage (%) of species described
genetic order
of species
as larvae
Min.a Mod.b
Wellc Total (sum)
Petromyzontidae
16
25%
13%
6%
44%
Acipenseridae
8
13
75
88
Polyodontidae
1
100
100
Lepisosteidae
5
20
60
80
Amiidae
1
100
100
Hiodontidae
2
100
100
Osteoglossidae
1
Notopterigidae
1
Clupeidae
8
13
75
88
Cyprinidae
245
7
3
15
25
Catostomidae
65
2
46
48
Cobitidae
1
Characidae
6
Loricariidae
5
20
20
Ictaluridae
40
3
10
35
48
Clariidae
1
Osmeridae
6
17
33
33
83
Salmonidae
36
19
3
39
61
Esocidae
5
80
80
Umbridae
4
25
50
75
Percopsidae
2
50
50
Aphredoderidae
1
100
100
Amblyopsidae
6
50
50
Gadidae
2
100
100
Atherinopsidae
6
17
50
67
Adrianichthyidae
1
Belonidae
1
100
100
Aplocheilidae
1
Goodeidae
4
Fundulidae
28
14
7
29
50
Cyprinodontidae
14
7
7
Poeciliidae
20
10
10
Gasterosteidae
4
100
100
Syngnathidae
1
Synbranchidae
1
Scorpaenidae
1
Cottidae
26
4
4
23
31
Moronidae
4
100
100
Serranidae
1
Callichthyidae
2
50
50
Centrarchidae
31
3
65
68
Percidae
165
17
2
22
41
Sciaenidae
1
100
100
Elassomatidae
6
17
17
33
Cichlidae
23
9
9
Embiotocidae
1
100
100
Blenniidae
1
Gobiidae
5
60
60
Osphronemidae
3
Channidae
4
Overall, Larvae
823
9
3
26
39
(For comparison using comparable criteria:)
Overall, Embryos
823
27
4
6
38
Overall, E. Juveniles
823
16
5
21
42
d
d
d
Overall, All ELS
823
35
4
5
43

Table 1. Percentage of continental United States and Canadian freshwater and anadromous ﬁsh species by family assessed as minimally
(Mina), moderately (Modb), or well-described (Wellc) as larvae, and the
sum thereof (percentage of species at least minimally described, the
remainder being undescribed). Also, at bottom, comparable overall assessments (all families combined) for descriptions of larvae, embryos,
and early (young-of-year) juveniles, as well as for all three developmental intervals (early life stages, ELS) combined .d A conservative appraisal
based on an initial review of 47 publications or reports including most
pertinent guides and some other opportunistically selected descriptive
literature available through 2010.e
Notes:
a
Minimal description—for larvae, at least some info but either
illustrations or text (or data) lacking, limited, or assessed as poor in
quality; inadequate for identiﬁcation purposes.
b
Fair (intermediate) description—for larvae, at least 2 illustrations
(usually at least 1 yolk-sac and 1 post-yolk-sac larva) and at least
some text (or data) with either illustrations or text assessed as only
fair in quality and the other as fair or better; may be adequate for
identiﬁcation.
c
Good to excellent description—for larvae, at least 2 illustrations
(usually at least 1 yolk-sac and 1 post-yolk-sac) and good text (or
data) coverage, both assessed as at least good in quality; probably
adequate for identiﬁcation.
d
Min—at least one early developmental interval (embryonic period,
larval period, or early, usually YOY, phase of juvenile period
described, but at least one interval only minimally described or
undescribed.. Mod—all intervals at least moderately described,
but at least one only moderately described. Well—all early
developmental intervals well described.
e
Assessed literature (full citations available upon request): Able
and Fahay 1998; Auer 1982; Chapman 2006; Conrow and Zale
1985; Elliot and Jimenez 1981; Fahay 2007; Hardy 1978a; Hardy
1978b; Jones et al 1978; Kay et al. 1994; Lippson and Moran 1974;
Martinez 1983; Martinez 1984; May and Gasaway 1967; McGowan
1984; McGowan 1988; Minton 1985; Muth 1990; Perry and Menzel
1979; Reyes 2008; Reyes 2010; Scripter 2009; Simon and Wallace
2004; Simon and Wallus 2006; Snyder 1988; Snyder 1981; Snyder
1983; Snyder 1998; Snyder 2002; Snyder and Douglas 1978; Snyder
and Muth 1988; Snyder and Muth 2004; Snyder and Ochman 1985;
Snyder et al 1977; Snyder et al 2005; Sturm 1988; Taber 1969;
Wallus and Simon 2006; Wallus and Simon 2008; Wallus et al.
1990; Wang 1986; Wang 1991; Wang 2006; Wang 2007; Wang and
Kernehan 1979; Wang and Reyes 2007; Wang and Reyes 2008.
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good to excellent. However, adult descriptions and diagnostic criteria
should be adequate for identiﬁcation of most juveniles.
In conclusion, we still have a lot of work to do. Based on the literature
surveyed and focusing on the larvae only, about 60% of our freshwater
and anadromous ﬁshes have yet to be even minimally described and
about 74% remain to be well described for identiﬁcation purposes. In the
past 35 years, the percentage of species that have been well described
as larvae has increased from an estimated 15% in 1976 to only about
26% in 2010.
This initial assessment is probably quite conservative. Although most
regional guides have been included in our survey, the species accounts
in many of them are based at least in part on previously published
descriptions and often include only selected illustrations and data from
those more detailed descriptions. Also, some described species have
yet to be included in regional guides. This is particularly true for species
endemic to the Paciﬁc Northwest (e.g., the Columbia and Klamath River
Basins) and the deep South. Still, we now have a much better feel for the
current state of the art.
Postscript: The authors intend to publish more detailed results of
this assessment, including which and how well species are covered in the
assessed literature. They also plan to include assessments for at least a
few other publications (e.g., guides by Holland-Bartels, et al. 1990 and
Sturm 2004) and are working on a user friendly, updatable database for
online access. Until then, speciﬁc results can be made available upon
request.
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§

Postdoctoral Position
Available

Have you paid your 2012
dues?

Rutgers University Marine Field Station (RUMFS) is accepting
applications for a one-year (with a possible extension depending on
funding) postdoctoral fellowship. Individuals with interests in ﬁsh and
ﬁsheries ecology, with an emphasis on species declines (e.g. winter
ﬂounder, weakﬁsh) based on long-term time series, are invited to
apply. At RUMFS, these time series include larvae (weekly for 21
years) and juveniles (weekly for 18 years). Ability to work with a
team of faculty, graduate students, undergraduate summer interns,
and staff is an important qualiﬁcation. For information concerning
this position, please send a C.V. and contact:

Please help your society maintain its ﬁscal health by renewing
your membership!

Ken Able
Rutgers University Marine Field Station
132 Great Bay Blvd
Tuckerton, NJ 08087-2004
telephone: (609) 296-5260 x 230
email: able@marine.rutgers.edu

If you have already paid your 2012 dues, thank you for your
support. If not, you have several options for renewal. If you are an
active member of AFS wishing to add (or renew) ELHS membership
beginning with the next calendar year, simply check the box for the
Early Life History Section on your annual fall AFS dues/subscription
statement for the upcoming year and add the $15 annual ELHS dues
to your annual AFS dues and other payments. You can also renew
online at the AFS website: www.ﬁsheries.org/afs/membership.html.
Be sure to add the section dues to your membership fees.
You can also join the section as an afﬁliate member. You can join
online at the website: https://www.larvalﬁshcon.org/ELHSAfﬁliate/
afﬁliate-triage.asp. Or you can send $15 along with your name,
institutional afﬁliation (if appropriate), mailing address, telephone
and fax numbers, and e-mail address to:
Jeff Buckel, Treasurer
ELHS - AFS,
NCSU-CMAST,
303 College Circle,
Morehead City, NC 28557
USA
Afﬁliate members of the Section are encouraged to participate
in Section meetings, committee work, and other activities, but they
cannot vote on ofﬁcial Section matters, run for or hold an elected
ofﬁce, or chair standing committees. All members receive STAGES,
the ofﬁcial ELHS newsletter.
Please take a moment today to join or renew your membership.
Also check your mailing label and send any address corrections to
Secretary Catriona Clemmesen (cclemmesen@ifm-geomar.de) or
President Sue Sogard (susan.sogard@noaa.gov).
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Publications
Available now: Larval Fish Nutrition
Edited by G. Joan Holt
Published by Wiley-Blackwell. ISBN-0813817927.
2011.
Nutrition is particularly important in the healthy
development of ﬁsh during their early life stages.
Understanding the unique nutritional needs of larval
ﬁshes can improve the efﬁciency and quality of ﬁshes reared in a culture
setting. Larval Fish Nutrition comprehensively explores the nutritional
requirements, developmental physiology, and feeding and weaning
strategies that will allow aquaculture researchers and professionals to
develop and implement improved culture practices.
Larval Fish Nutrition is logically divided into three sections. The ﬁrst
section looks at the role of speciﬁc nutrient requirements in the healthy
digestive development of ﬁsh. The second section looks at the impacts if
nutritional physiology on ﬁsh through several early life stages. The ﬁnal
section looks at feeding behaviors and the beneﬁts and drawbacks to
both live feed and microparticulate diets in developing ﬁsh.
Written by a team of leading global researchers, Larval
Fish Nutrition will be an indispensible resource for aquaculture
researchers, professionals, and advanced students.
§

Recent Series of ELH Guides
Darrel Snyder advises that the following publications are available
online at www.usbr.gov/pmts/tech_services/tracy_research/tracyreports:
Reyes, R. C. 2008. Embryogenesis and Ammocoete Morphological
Development of the Paciﬁc Lamprey (Entosphenus tridentatus) from
the American River, California. Tracy Fish Facilities Studies Technical
Bulletin 2008-3. U.S. Bureau of Reclamation, Mid-Paciﬁc Region and
Denver Technical Service Center.
Reyes, R. C. 2010. Descriptions of the Early Life Stages of Three Common
Ictalurids from the Sacramento-San Joaquin River Delta, California.
Tracy Fish Facilities Studies Technical Bulletin 2010-2. U.S. Bureau
of Reclamation, Mid-Paciﬁc Region and Denver Technical Service
Center.
Reyes, R. C. 2011. Dichotomous Key to Fish Eggs of the SacramentoSan Joaquin River Delta. Tracy Fish Collection Facility Studies. Tracy
Technical Bulletin 2011-1. U.S. Bureau of Reclamation, Mid-Paciﬁc
Region and Denver Technical Service Center. 35 pp.
Wang, J. C. S. 2006. Early life history comparison of the green sturgeon,
Acipenser medirostris, and white sturgeon, Acipenser transmontanus,
of the Sacramento-San Joaquin River Delta, California. Tracy Fish
Facilities Studies Technical Bulletin 2006-1. U.S. Bureau of Reclamation,
Mid-Paciﬁc Region and Denver Technical Service Center.
Wang, J. C. S. 2007. Spawning, early life stages, and early life histories of
the Osmerids found in the Sacramento-San Joaquin Delta of California.
Tracy Fish Facilities Studies, Vol. 38. U.S. Bureau of Reclamation, MidPaciﬁc Region and Denver Technical Service Center.
Wang, J. C. S. 2011. Fishes of the Sacramento-San Joaquin River Delta
and Adjacent Waters, California: A Guide to Early Life Histories. Tracy

Available now: Identiﬁcation Guide of
The Early Life History Stages of Fishes
from the Waters of Kuwait in the Arabian
Gulf, Indian Ocean.
By William J. Richards
Published by Kuwait Institute for Scientiﬁc Research.
ISBN-978-99906-41-94-3. 2008.
This identiﬁcation book for ﬁsh larvae from Kuwait’s waters is the ﬁrst
guide of its kind for the region, with updated and descriptive information
and detailed illustrations for most of the larval ﬁsh of the Arabian Gulf. The
Gulf is located in a semi-tropical and arid region. Nearly all marine bony
ﬁshes, have a pelagic larval stage which is morphologically very different
from the adult stage. The aim of this guide is to aid researchers to identify
larvae of the marine ﬁshes of the Arabian Gulf.
Available for download as PDF ﬁle from: www.kisr.edu.kw/Data/
Site1/images/kisr_publications/978-99906-41-94-3.pdf
§
Available now: Ecology of Estuarine
Fishes: Temperate Waters of the Western
North Atlantic
By Kenneth W. Able and Michael P. Fahay
Published by Johns Hopkins University Press. ISBN0801894719. 2010.
This comprehensive reference book details the life history and ecology
of the ﬁsh species that occupy the estuarine and coastal habitats along
the eastern United States and Canada.
Kenneth W. Able and Michael P. Fahay draw on their own studies and
other research to summarize and synthesize all the known facts about
the ecology of 93 important species of ﬁsh that inhabit the temperate
waters of the Western Atlantic. Presented in individual chapters, the
species accounts include complete information about each ﬁsh’s
distribution, habitat use, reproduction, development, migratory patterns,
prey, and predators and other natural enemies. The species accounts are
illustrated and include life-cycle calendars, tables, and charts highlighting
key information. Introductory chapters provide the general characteristics
of the temperate ichthyofauna and explain the authors’ methodology.
Featuring new information based on more than 76,000 samples,
novel long-term data, and an exhaustive analysis of more than 1,800
references, this invaluable resource is a complete compendium on
estuarine ﬁshes of the Western North Atlantic.
§
Fish Collection Facility Studies. Volume 44. U.S. Bureau of Reclamation,
Mid Paciﬁc Region and Denver Technical Service Center. 411 pp.
Wang, J. C. S., and R. C. Reyes. 2007. Early Life Stages and Life Histories
of Cyprinid Fish in the Sacramento-San Joaquin Delta, California: with
emphasis on spawning by splittail, Pogonichthys macrolepidotus. Tracy
Fish Facilities Studies, Vol. 32. U.S. Bureau of Reclamation, Mid-Paciﬁc
Region and Denver Technical Service Center.
Wang, J. C. S., and R. C. Reyes. 2008. Early Life Stages and Life
Histories of Centrarchids, in the Sacramento-San Joaquin River Delta
System, California. Tracy Fish Facilities Studies, Vol. 42. U.S. Bureau
of Reclamation, Mid-Paciﬁc Region and Denver Technical Service. §
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Other Recent Publications
Identiﬁcation of Eggs and Larvae of Marine Fishes. Edited by
A.W. Kendall, Jr. Published by Tokai University Press. ISBN-978-4-48603758-3. 2011.
Early stages of marine ﬁshes occurring in the Iberian
Peninsula. P. Ré and I. Meneses. Published by IPIMAR/IMAR. ISBN978-972-9372-34-6.
Ecology of Anguilliform Leptocephali: Remarkable
Transparent Fish Larvae of the Ocean Surface Layer. M.J.
Miller. Published by Aqua-BioScience Monographs. TERRAPUB. 2009.
Advances in Early Life History Study of Fish. C. Clemmesen,
A.M. Malzahn, M.A. Peck, and D. Schnack, eds. Scientia Marina, volume
73S1, Supplement 1. Consejo Superior de Investigaciones Cientiﬁcas.
2009.

Early Stages of Fishes in the Western North Atlantic Ocean:
Davis Strait, Southern Greenland and Flemish Cap to Cape
Hatteras. Michael P. Fahay. Published by North Atlantic Fisheries
Organization.
Early Development of Four Cyprinids Native to the Yangtze
River, China. Edited by D.C. Chapman. U.S. Geological Survey
Data Series 239. 2006. accessible online at pubs.usgs.gov/
ds/2006/239
Recent Advances in the Study of Fish Eggs and Larvae.
Edited by M.P. Olivar and J.J. Govoni. Published in Scientia Marina,
Volume 70S2 Supplement 2. ISSN: 0214-8358. 2006.
Eggs and Larvae of North Sea Fishes. P. Munk and J.G. Nielsen.
Published by Biofolia Press. ISBN 0849319161. 2005.

Plankton. A Guide to Their Ecology and Monitoring for Water
Quality. I.M. Suthers & D. Rissik. Published by CSIRO Publishing, 272
pp. 2009. ISBN: 9780643090583.

Early Stages of Atlantic Fishes: An Identiﬁcation Guide for
the Western Central North Atlantic. Edited by W.J. Richards.
Published by CRC Press. ISBN 0849319161. 2005.

Manual of recommended practices for modelling physical
– biological interactions during ﬁsh early life. E.W. North, A.
Gallego, and P. Petitgas, Jr., eds. ICES Cooperative Research Report
No. 295. 111 pp. 2009. ISBN: 978–87–7482–060–4.

Developmental Biology of Teleost Fishes. Y.W. Kunz. Published
by Springer Press. ISBN 1-4020-2996-9. 2004.

Early Life History of Marine Fishes. B.S. Miller and A.W. Kendall,
Jr. Published by University of California Press. ISBN: 978-0-520-249721. 2009.
Fish Larval Physiology. R.N. Finn and B.G. Kapoor. Published by
Science Publishers. ISBN: 1578083885. 2008.
Reproductive Biology and Early Life History of Fishes in the
Ohio River Drainage
– Volume VI, Elassomidae and Centrarchidae. Edited by R. Wallus and
T.P. Simon. Published by CRC Press. ISBN 978-0-8493-1923-8. 2008;
472 p.
– Volume V, Aphredoderidae through Cottidae, Moronidae, and
Sciaenidae. Edited by R. Wallus and T.P. Simon. Published by CRC
Press. ISBN 978-0-8493-1921-1. 2006; 360 p.
– Volume IV, Percidae – Perch, Pikeperch, and Darters. T.P. Simon and
R. Wallus. Published by CRC Press. ISBN 978-0-8493-1920-4. 2006;
648 p.
– Volume III, Ictaluridae – Catﬁsh and Madtoms. T.P. Simon and R.
Wallus. Published by CRC Press. ISBN 0849319196. 2003; 232 p.
President’s message...cont’d from p. 1
We have made several important changes to the section in the last
couple of years. Perhaps the most obvious is the switch to an electronic
version of STAGES. It’s even easier now to get your intriguing results
and new ideas out to the membership, so don’t forget to respond to those
requests from your Regional Representatives and submit a short article
or two, complete with those great photographs. It doesn’t really take
that much time and STAGES is also an excellent venue for students to
get some exposure for their work and their talents as they enter the job
market. Another change is the smooth transition to providing a Paypal
option for afﬁliate members directly on the website. I hope this will
encourage more afﬁliate members to join and keep their dues up to date.
We have strengthened our numbers overall this year and we are in good
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Early Life History of Fishes in the San Francisco Estuary
and Watershed. Edited by F. Feyrer, L.R. Brown, R.L. Brown, and
J.J. Orsi. Published by the American Fisheries Society. ISBN 1-88856959-X. 2004.
Freshwater Fishes of the Northeastern United States - A Field
Guide. R.G. Werner. Published by Syracuse University Press. ISBN
0815630204. 2004.

The Development of Form and Function in Fishes and the
Question of Larval Adaptation. Edited by J.J. Govoni. Published
by the American Fisheries Society. ISBN 1-888569-58-1. 2004.
The Larvae of Indo-Paciﬁc Coastal Fishes: An Identiﬁcation
Guide to Marine Fish Larvae. (2nd edition). J.M. Leis and B.M.
Carson-Ewart. Published by Brill Academic Publishers. ISBN 90-0413650-9. 2004.
The Big Fish Bang. Proceedings of the 26th Annual Larval
Fish Conference. Edited by H.I. Browman and A.B. Skiftesvik.
Published by the Institute of Marine Research, Bergen, Norway. ISBN
82-7461-059-8. 2004.
Fishery Science: The Unique Contributions of Early Life
Stages. Edited by Lee A. Fuiman and Robert G. Werner. Published by
Blackwell Publishing. ISBN 0-632-05661-4. 2002.
§
ﬁnancial shape with the increased revenue in dues and the decreased
costs for producing STAGES.
I have worked hard to get our membership information in order and
clean up our ﬁles. I believe we now have accurate lists of full members and
afﬁliate members. However, the more we shift to electronic communication,
the more important it is that we have correct email addresses. This will be a
continuing challenge as new members join and old members change their
addresses. If your email changes, think about all of those organizations
for which you will suddenly disappear and remember to contact them!
Thanks to all of the ofﬁcers and committee chairs for their gracious service.
Your contributions are key to the solid foundation and integrity of the ELHS. §

AFS - Early Life History Section

— Susan Sogard, President
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Newsletter Production Team
Stages is published in February, June, and October each year. It is assembled by the Newsletter Editor with contributions from several Regional

Representatives and other individuals. Please send any articles, announcements, or information of interest to Early Life History Section members or
afﬁliates to your local Regional Representative or to the Editor.

Newsletter Editor
Lee A. Fuiman
Marine Science Institute
University of Texas at Austin
lee.fuiman@utexas.edu

Northeast Region

Southeast Region

David Richardson
NMFS, Northeast Fisheries Science
Center
Narragansett, Rhode Island
David.Richardson@noaa.gov

Claire Paris
Rosenstiel School for Marine and
Atmospheric Science
University of Miami
cparis@rsmas.miami.edu

Western Region

European Region

Daniel Margulies
Inter-American Tropical Tuna
Commission
dmargulies@iattc.ucsd.edu

Audrey Geffen
Department of Biology
University of Bergen
Audrey.Geffen@bio.uib.no

North Central Region
James E. Garvey
Fisheries & Illinois Aquaculture Cntr.
Southern Illinois University
jgarvey@siu.edu

Paciﬁc Rim Region
Iain Suthers
School of Biological, Earth, &
Environmental Sciences
University of New South Wales
i.suthers@unsw.edu.au

Editor’s Ramblings
Join ELHS
Membership in ELHS is open to all persons or organizations interested in furthering ELHS objectives,
regardless of membership in the American Fisheries
Society (AFS). If you are an AFS member, simply add
ELHS membership when you pay your Society dues.
Afﬁliate membership is open to persons or organizations who are not members of AFS. Afﬁliate members
are encouraged to participate in Section meetings,
committee work, and other activities, but they cannot
vote on ofﬁcial Section matters, run for or hold an elected ofﬁce, or chair standing committees. All members
receive STAGES.
To become an afﬁliate member, go to https://www.
larvalﬁshcon.org/ELHSAfﬁliate/afﬁliate-triage.asp or
mail your name, institutional afﬁliation (if appropriate),
mailing address, telephone and fax numbers, e-mail
address, and dues (US $15 per year) for the current
and/or upcoming year(s) to the ELHS Treasurer (see
page 2).

Getting Used to the New Format
I may be starting to get the hang of this electronic format! Actually, it’s
more of a lack of format. For instance, the print version we published for
many years required each issue always to have a total number of pages
that was a multiple of four. You can imagine how difﬁcult it was if the content
in hand came out to just over 8 or 12 pages. But that’s a worry of the past.
The current issue of STAGES, for exmaple, actually contains an odd number of pages. I will continue to experiment with this new format, but it still take a lot of time to
assemble an issue of STAGES. So, I may be looking for ways to cut back on the time.
That said, it would be impossible to have a newsletter at all if I did not receive content.
I always rely on our Regional Representatives to comb their territories for material to
include in the newsletter. For this issue of STAGES, I want to extend special thanks to
two people who sent detailed reports about the activties of their collegial groups. Akinori
Takasuka’s summary of a workshop on the growth-survival paradigm is in Iain Suthers’
report from the Paciﬁc Rim. Darrel Snyder’s report on the state of knowledge of early life
stages in North American fresh waters is so large, it required it’s own section. I am delighted
to have these kinds of reports and I know our membership will ﬁnd them interesting. §

Please specify the membership year(s) for which
you are paying dues. Make checks or money orders
payable to “AFS-ELHS.”
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