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Notes from the Editor

This winter issue of the 105" volume, the first issue of 2019, will delight those
who enjoy reading about marine fish, as all three articles in this issue focus on that subject.
The first is an interesting note about an exceptionally long-term recovery tag of a California
scorpionfish which was at liberty for significantly longer than ever recorded for the species.
The second article is also a note that describes a method to use dorsal fin spines to estimate
the age of roosterfish. The third article, again a note, describes primary and secondary nurs-
ery habitats for two species of sharks in the San Francisco Bay: leopard sharks and brown
southhound sharks. All three provide interesting commentary to further our knowledge of
marine fish off the coast of California.

The Journal was pleased to have a guest Associate Editor for this issue, Jean Win.
Dr. Win received her PhD in Marine Science from Griffith University in Australia. Her
background is in fish ecology and biology and coastal food webs. She has been working
for CDFW as an Environmental Scientist for the Southern California Fisheries Research
and Management Project since 2015. In her position, she collects fishery independent data
and assesses the stock status of state managed finfish. We are grateful to Dr. Win for her
participation as an editor for this issue.

We also have a new permanent Associate Editor that has joined our team, Felipe
La Luz. Mr. La Luz completed his B.S. in Wildlife, Fish, and Conservation Biology at the
University of California-Davis with an emphasis on fisheries biology. After graduating, he
continued to work closely with researchers at the University on projects examining fish
physiology and behavior, and later utilized otolith structure and microchemistry to elucidate
growth and migration patterns of native fishes. During this time, he also participated in
multiple field studies that monitored aquatic communities in throughout the Sacramento-
San Joaquin Delta as well as large scale salt marsh restoration projects in South San Fran-
cisco Bay. He was also an active member in the Sacramento-Davis Student Subunit of the
American Fisheries Society and later served on the Executive Committee of California
Nevada Chapter of the American Fisheries Society. Mr. La Luz joined CDFW in 2015 as
lead biologist for the Region 3’s Summer Townet Survey, a long-term trawl program imple-
mented in 1959 to monitor juvenile pelagic fishes in the Sacramento-San Joaquin Delta. He
also participated in collaborative multi-agency groups such as the Interagency Ecological
Program Science Management Team and Smelt Working Group, which informs real time
operations of large water diversions. Throughout his education and career, Felipe’s research
interests have focused on the ecology of California’s native fish fauna with an emphasis on
threatened smelts (Osmeridae) as well as large minnows (Cyprinidae) native to the Central
Valley. Felipe is currently an Environmental Scientist in the Operations unit at the Water
Branch where he applies his knowledge of native fishes and estuarine ecology to real time
operations and long-term water management in the Sacramento-San Joaquin Delta. We are
excited for Mr. La Luz to join our team of wonderful Associate Editors that put so much
time into maintaining the high standards for this journal.

As I mentioned in the previous issue, changes are coming to the Journal. One of
those changes in the introduction of special issues. We will be working on three special issue



Winter 2019 NOTES FROM THE EDITOR 7

this year with the hope to do a similar number next year as well. The topics of these special
issues are highly relevant to California currently: cannabis, fire, and human recreation and
their impacts on fish and wildlife resources in the state. If you would like to find out more
about our Special Issues, please see our webpage: https://www.wildlife.ca.gov/Publications/
Journal/Special-Issues.

Ange Darnell Baker, PhD
Editor-in-Chief
California Fish and Game


https://www.wildlife.ca.gov/Publications/Journal/Special-Issues
https://www.wildlife.ca.gov/Publications/Journal/Special-Issues
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A very long term tag recovery of a California Scorpionfish
(Scorpaena guttata)
EpGar W. RoBEerTs III* AND DoyLE A. HANAN, PHD

California Department of Fish and Wildlife, Marine Region, 619 2nd Street Eureka, CA
95501, USA (EWR)

Hanan and Associates, P.O. Box 8914 Rancho Santa Fe, CA 92067, USA (DAH)
*Correspondent: Ed.Roberts@wildlife.ca.gov

Key words: California scorpionfish, days at liberty, Floy FD-94, Scorpaena guttata, tag return

During the four-year period from 21 November 2002 to 24 July 2006, we performed
a mark-recapture study on nearshore groundfish off southern and central California (Hanan
and Curry 2012). For the study, volunteer fishermen aboard chartered commercial passen-
ger fishing vessels (CPFV) caught by hook and line, 32 species of groundfish (32,366 total
fish), including 2,751 California Scorpionfish, Scorpaena guttata; these fish were marked
with Floy FD-94 tags and released. As of the date of the Hanan and Curry paper, 257 scor-
pionfish were reported as recaptured with an average days at liberty (DAL) of 408.8 days
(431.6 SD; range 2 - 2,126 days). A total of 76 (33%) of these recaptured scorpionfish were
recaptured within 1 km of their original tagging site, 155 (67%) were within 5 km, and 17
(1%) were recaptured at distances of 50 km or more from the original tagging site with a
range of 68 to 1,788 DAL.

On 21 November 2017, a tagged California scorpionfish was reported caught by Mr.
Robert Rosenberg, a recreational angler, on a one-day trip aboard the CPFV New Del Mar
out of Marina Del Rey, California. He had previously caught three other of our tagged
scorpionfish during 2003 and 2004, which likely aided in his recognition of the bryozoan-
encrusted tag. He removed the tag (#14769, which he sent to the authors) and released the
fish “unharmed and looking very healthy” (R. Rosenberg, personal communication).

This scorpionfish was tagged on 26 January 2004 aboard the CPFV Redondo Special.
The fish was at liberty for nearly 14 years (5,048 days), which is substantially longer than
the maximum days at liberty (DAL) reported for this species. In previous studies, Hanan
and Curry (2012) reported tagged-recaptured scorpionfish remaining at liberty for 2,126
days. Love et al. (1987) reported a maximum DAL of 915 days for this species. Hartmann
(1987) documented a scorpionfish at liberty for 670 days, and Turner et al. (1969) recovered
a tagged scorpionfish that had been at liberty for 507 days.

The fish was recaptured in about 30 m (100 ft) of water approximately 3 km off El
Segundo (R. Rosenberg, personal communication). The fish was originally captured and
tagged at 33°52°5”N, 118°27°4”W in 34 m (112 ft) of water, approximately 3.2 km south-
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west of El Segundo. Based on the description of the recapture site, we surmise that the fish
was certainly recaptured within 50 km and probably within 5 km of the original capture-
tag-and-release site. While this species has been documented to move distances as great as
200 km (Hanan and Curry 2012), mark-recapture studies have also shown that this species
demonstrates strong site fidelity (Turner et al. 1969, Hartmann 1987, Love et al. 1987,
Hanan and Curry 2012), especially to known spawning grounds during the spawning season
(May—September) (Love et al. 1987). However, as this fish was originally tagged in January,
during the non-spawning season and recovered in November, also the non-spawning season,
in generally the same location, this may indicate some site fidelity for non-spawning sites.

At the time of recapture the fish was at least 20 inches in length, and weighed at least
2 pounds (R. Rosenberg, personal communication). At the time of tagging in 2004 this fish
was measured at 265 mm (~10.5 inches) fork length. Sex was not determined. Using the
von Bertalanffy equations completed by Love et al. (1987), we estimate that this fish was 5
to 6 years of age at the time of tagging. Given the DAL, we estimate the fish to be 19 to 20
years old at the time of recapture. This is close to the maximum reported age for females
(21 years) and exceeds the maximum reported age for males (15 years) (Love 2011).

ACKNOWLEDGMENTS
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Potential use of dorsal fin spines of the roosterfish for age
estimation

R. CHAVEZ-ARELLANO, U. JAKES-COTA, S. ORTEGA-GARCIA*, C. SEPULVEDA,
AND S. AALBERS

Instituto Politécnico Nacional-Centro Interdisciplinario de Ciencias Marinas

Instituto Politécnico Nacional s/n, Colonia Playa Palo de Santa Rita, C.P. 23096, La Paz,
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Pfleger Institute of Environmental Research, 2110 South Coast Highway, Oceanside, CA
92054, USA. (CS, S4)

*Correspondent: sortega@ipn.mx

Key words: age, fin spines, individual growth, Nematistius pectoralis, sport fishing

The roosterfish (Nematistius pectoralis Gill, 1862) is the only species in the genus
Nematistius (family Nematistiidae). The most distinguishable external feature of this species
is the presence of 7 elongated (comb-shaped) dorsal spines, which give rise to its common
name (Rosenblatt and Bell 1976) and allow it to be easily identified from other species
(Niem 1995). This species does not present sexual dimorphism.

The roosterfish is distributed in the Pacific Ocean, from San Clemente in southern
California to San Lorenzo Island in Peru, including the Gulf of California and the Galapa-
gos Islands (Love et al. 2005). It is a coastal pelagic species that plays a dominant role as a
nearshore predator in the waters of Mexico and Central America (Love et al. 2005, Sepulveda
et al. 2015). It inhabits mainly coastal areas, with juveniles often found along the shoreline
and larger individuals commonly distributed in areas close to reefs and subsurface features
(Niem 1995, Sepulveda et al. 2015).

Roosterfish can reach up to 191 cm in total length and weight over 50 kg (Robertson
and Allen 2015). In terms of feeding habits, it is considered a specialist predator that com-
monly feeds at depths of 3 to 4 meters, mainly on coastal pelagic species such as mojarras
(e.g., Eucinostomus gracilis and E. dowii) and anchovies (e.g., Anchoa ischana 'y A. spp.)
(Rodriguez-Romero et al. 2009).

In Mexico, the roosterfish is reserved for recreational fishing activities, with com-
mercial protection offered within a coastal strip of 50 nautical miles from shore, and daily
retention limits set at two organisms per day per fisher (NOM-017-PESC-1994, DOF 1995',

1 DOF. 1995. Diario Oficial de la Federacion (DOF). Norma Oficial Mexicana NOM-017-PESC-1994,
para regular las actividades de pesca deportiva en las aguas de la jurisdiccion federal de los Estados Unidos
Mexicanos, Tomo 15-19, México, D.F.
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20132). The roosterfish is considered a prized species by the sport fishing community, which
provides direct and indirect economic benefit to the tourism commerce along the coast of
the Baja California peninsula and the Sea of Cortez. In 2007 these activities generated
income of over 633.6 million dollars in the region of Los Cabos alone (Ditton et al. 1996,
Sosa-Nishizaki 1998, Southwick et al. 2010). The roosterfish is also caught incidentally by
artisanal fleets that operate along the coast, but this species in not directly targeted due to
its relatively dark myotomal musculature and low food-value compared to other inshore
species (Sepulveda et al., 2015).

Despite the ecological and economic importance of the roosterfish, there are few studies
on its biology, ecology, and movement patterns (Sepulveda et al. 2015, Ortega-Garcia et al.
2017). Parameters such as age and individual growth are essential for fisheries management
and are the basis of most stock assessment models (Goldman 2005). Age and growth can be
determined by various methods including: growing fish in confinement, examining hard parts,
which encode age information, and through biochemical testing. The feasibility and use of
different methods depends on accessibility, habitat and life history. In most instances, it is
necessary to determine the age of wild fish through the examination of calcified structures,
from which age can be estimated. The structures, which have been shown to encode age
information include bones (fin rays, vertebrae, cleithra, opercular bones), scales and otoliths
(Stevenson and Campana 1992). These structures tend to sequentially accumulate calcified
growth material as they age, thus producing concentric areas that often have characteristics
reflecting the time of year (season) in which the material is being deposited (Calliet et al.
2006). Fin spines and soft rays have been used to estimate the age structure and growth
rate of a wide variety of freshwater and marine fishes (Kopf et al. 2010). These calcified
structures can be removed and processed easily and quickly (Beamish and Fournier 1981),
often provide good legibility (Hill et al. 1989) and may exhibit growth bands that reflect
the different seasons of the year (Kopf et al. 2011).

To date, there is a single study focused on age and individual growth of roosterfish
by Ortega-Garcia et al. (2017). These authors analyzed daily growth increments in sagit-
tal otoliths from individuals caught in El Golfo Dulce, Costa Rica, and the southern Baja
California Sur peninsula, Mexico and concluded that daily growth increments in sagittal
otoliths can only be used to estimate age in individuals measuring up to 66 cm fork length
(~1 year of age). Aging efforts from otoliths of larger specimens were largely unsuccessful
because daily incremental marks were difficult to differentiate, and annuli were not readily
visible. Thus, sagittal otoliths were not considered a suitable structure for age estimates of
individuals greater than one year. The current study focused on identifying alternative hard
structures that may be used to estimate age and individual growth of larger individuals (>1
yr). The primary objective of this study was to assess which sections of roosterfish dorsal
fin spines have the most legible indicators of growth for use in future aging studies.

From January 2010 to December 2012, roosterfish were sampled from the sport fishing
fleet in Cabo San Lucas, Baja California Sur, Mexico. Fork length (FL) to the nearest 0.1 cm
and weight to the nearest 0.01 kg were recorded from each roosterfish sampled. The dorsal
fin was removed from the base with a knife and stored for further laboratory preparation.

2 DOF. 2013. Diario Oficial de la Federacién (DOF). Modificacion a la norma oficial mexicana NOM-
017-PESC-1994, para regular las actividades de pesca deportivo-recreativa en las aguas de jurisdiccion federal de
los Estados Unidos Mexicanos, publicada en el diario oficial de la federacion el 9 de mayo de 1995, Tomo 15-19,

México, D.F.
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The first five spines of each dorsal fin were cleaned; and the distance between the
inferior apophyses of the base of each spine was measured with a caliper (Helios Vernier)
to the nearest 0.05 mm (Figure 1). This measurement was used as a reference unit to ensure
uniform sampling for the transverse sections. The spines were marked, orientation was noted,
and the sections were labelled from the base and along the primary axis, at 100%, 200%
and 300% of the reference unit (Figure 1). This was done to provide a consistent transverse
section location across samples.

FiGure 1.— Front view of the fourth spine of the dorsal fin of roosterfish (Nematistius pectoralis) showing the
section levels (A): 100%, (B): 200% and (C): 300%. E is the distance between lower apophysis and corresponds
to the same distance as E” measured from the base (D) of the spine.

To select the most appropriate spine and section level for observing and counting
growth marks in the roosterfish, the linear relationship between each of the diameters mea-
sured in each spine and fork length was analyzed using the following equation:

FL=a+b(D)

where: FL is fork length (cm), a is the intercept with the Y axis, b is the slope of the
regression line, and D is spine diameter (cm).

This relationship was determined for each spine and section level, resulting in 15 linear
relationships (5 spines x 3 section levels). The spine and section level selected through this
procedure corresponded to the relationship that yielded the highest linear trend (proportional
growth) between fish length (FL) and spine diameter (D), denoted by the highest coefficient
of determination (#°) (Daniel 2012).

Cross-sections of different thicknesses (0.25 mm, 0.45 mm and 0.5 mm) were sliced
from each section level (Figure 1) in each spine using a low-speed saw (Buehler brand,
model 11-1280-160) with a Diamond Wafering Blade (15HC series). Digital images of the
cross-sections were obtained with a camera (Carl Zeiss brand, model AxioCam MRc 5)
adapted to a stereoscope (Carl Zeiss brand, model Stemi SV11).
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Digital images of the spine cross-sections were evaluated to determine the thickness
at which growth marks were observed with greatest clarity, and consequently could be
readily enumerated by two independent readers. Each growth mark consisted of an opaque
band followed by a translucent band. Readings were made directly on the digital images of
sections to avoid the direct manipulation of the spine sections due to their fragility.

To evaluate the precision between counts made by each reader, the coefficient of
variation (Chang 1982) was calculated:

(Xij - XJ)
R-1

X

J

R
CV, =100% * !

where: C V. is the estimated coefficient of variation for the jth fish, X, is the ith age
estimation of the jth fish, X’ is the mean age estimation for the jth fish, and R is the number
of times each fish is aged. The relationship between number of growth marks and fork length
was analyzed through a linear regression.

Given that organisms were not sampled in all months of the year, the validation of
whether the marks observed in cross-sections have an annual formation period was beyond
the scope of this study.

All organisms sampled (n=93) were obtained from the retained catch from sport fish-
ing activities based off the southern portion of Baja California Sur. Samples sizes ranged
from 14 to 133 cm FL, with most individuals (76% of the total organisms sampled) falling
between 50 and 90 cm FL. Because exceptionally small and large individuals are typically
released by the recreational fleet, samples <40 cm and above 100 cm FL were scarce.

Putative growth marks were identifiable within the dorsal spine cross-sections of all
roosterfish examined, with opaque-translucent bands most clearly legible in the 0.45-mm-
thick cross-sections of the dorsal spines. The 0.25 mm sections were extremely fragile and
brittle and determined to be unsuitable for consistent quantification of growth marks, while it
was difficult to distinguish between opaque-translucent bands in 0.5 mm sections (Figure 2).

The fourth dorsal fin spine yielded the highest #* values (Table 1) during linear regres-
sion analysis between spine diameter at different section levels and fork length. Although
the 300% section level of the fourth dorsal fin spine had a slightly higher ? (= 0.947,
Table 1), when compared to the 200% section level (7= 0.932, Figure 2b, Table 1), the
latter provided increased growth mark legibility. Given the importance of growth mark dif-
ferentiation, the 200% section was chosen for the cross-sections analysis and the counting
of putative growth marks.

Most cross-sections (93%) at the 200% section level of the fourth dorsal fin spine of
the roosterfish, allowed observing and counting growth marks, which were clearly visible.
The precision in growth-mark counts performed by two independent readers was high, as
indicated by the low coefficient of variation (CV=9.67%); therefore, there was consistency
between the counts by both readers. The count of growth marks on cross-sections ranged
from 0 to 4 opaque-translucent bands. Individuals with one growth mark were the most
abundant, followed by individuals with 0 and 2 marks, whereas individuals with 3 and 4
marks were scarce (Figure 3).

The number of growth marks (GM) increased with fork length and there was a sig-
nificant relationship between the number of growth marks and roosterfish fork length (FL=
47.33 +20.95 * GM, r’=0.569, P < 0.05). Roosterfish with a single growth mark ranged
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Fi1GURE 2.— Photographs of cross-sections of different thicknesses a) 0.25 mm, b) 0.45 mm and ¢) 0.5 mm
of spines of the dorsal fin of roosterfish (Nematistius pectoralis) landed by the sport fleet of Cabo San Lucas,
B.C.S. in the period 2010-2012.

TaBLE 1.— Coefficients of the linear regressions for each spine in each section level for roosterfish (Nematistius
pectoralis) caught by the sport fishing fleet of Cabo San Lucas, B.C.S. between 2010-2012.

Spine #  Section level a b r? P
1 100% 9.55 24.78 0.913 <0.05
200% 15.53 29.59 0.908 <0.05
300% 20.79 35.21 0.691 <0.05
2 100% 4.83 21.93 0917 <0.05
200% 13.93 24.28 0.913 <0.05
300% 14.85 31.22 0911 <0.05
3 100% 5.05 24.25 0.871 <0.05
200% 12.89 33.44 0.902 <0.05
300% 10.43 42.95 0.902 <0.05
4 100% 4.16 24.82 0.897 <0.05
200% 14.71 34.26 0.932 <0.05
300% 8.31 48.21 0.947 <0.05
5 100% 12.34 24.77 0.751 <0.05
200% 10.31 44.38 0.864 <0.05
300% 6.27 55.81 0.875 <0.05

in size from 43 to 92 cm FL and fish with two growth marks varied from 57 to 118 cm FL
(Figure 3).

This study provides information on potential use of dorsal spines in determining
age and growth parameters for the roosterfish, a valuable coastal resource of the eastern
Pacific. Because previous work identified difficulties in aging roosterfish beyond 1yr (66
cm FL) using otoliths, this study examined the first five dorsal spines to assess the presence



Winter 2019 USE OF DORSAL FIN SPINES OF THE ROOSTERFISH FOR AGE ESTIMATION 15

140

-
-
-
o L
o ] . -
- *
- -
-
o '] -
= -
-
- - -
l -
= -
E o -
-1 &
g o L=
= -
= » -
E.| =3 *
o 3 ™ -
] - -
& |
w ..
;
-
=
&
-
= H
B
-
=]
i 1 2 3 4

Growth marks

FiGURE 3.— Linear regression (straight line) between the fork length and the number of growth marks derived
from counting in cross-sections at the section level of 200% of the fourth dorsal fin spine of the roosterfish
(Nematistius pectoralis) landed by the sport fleet of Cabo San Lucas, B.C.S in the period 2010-2012.

of putative growth marks and their potential in future aging efforts. From the specimens
examined, it was determined that the fourth dorsal spine provides clearly legible growth
marks that align with previous growth hypotheses (Ortega-Garcia et al. 2017). Although
additional field validation is needed to determine whether dorsal fin growth marks can be
used to accurately estimate roosterfish age and growth parameters, this work provides the
initial basis from which future ageing studies can be conducted.

Although it was not possible to obtain samples from individuals outside of the typical
range of fish landed in sport fishing operations that occur along Southern Baja California,
the size range did encompass and surpass the sizes of individuals for which ageing was not
possible (> 66 cm FL) for previous roosterfish growth estimates (Ortega-Garcia et al. 2017).
Most of fish sampled ranged from 50-90 cm FL because roosterfish under 40cm are rarely
landed in the sport fishery and individuals in excess of 100cm FL are considered “trophy
fish” and typically released following capture. Despite the limited size range of individuals
sampled in this work, it was possible to identify consistent readings from potentially valu-
able hard structures for use in future ageing work.

In this study, the thickness of the roosterfish dorsal spine section that yielded the optimal
platform for observing putative growth marks was 0.45 mm. Similarly, optimal thickness
for ageing blue marlin (Makaira nigricans) was identified to be 0.45 mm (Jakes-Cota 2008)
and 0.6 mm for sailfish (Istiophorus platypterus, Ramirez-Pérez 2005). Optimal section
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thickness has been shown to vary from one species to another, as dorsal spine morphology
varies greatly between various groups of fishes. In the yellowfin tuna (Thunnus albacares)
and little thunny (Euthynnus alletteratus), the most suitable thickness proposed for counting
growth marks ranges from 0.75 mm to 1 mm (Lessa and Duarte-Neto 2004; Alcaraz-Garcia
2012), while swordfish (Xiphias gladius) has been shown to have an optimal thickness that
ranges between 1 mm to 1.5 mm (Chong and Aguayo 2009).

For several species of large pelagic fish, fin spines have been shown to be the most suit-
able structure for determining age (Kopfet al. 2010). Spines are more suitable for non-lethal
examination and processing relative to other hard structures, such as otoliths and vertebrae
(Sun et al. 2002; Kopf et al. 2010). One of the basic assumptions in age determination is
the growth proportionality between the hard structure used and fish size (Bagenal 1974).
This study found the strongest linear relationship between fish FL and the diameter of the
fourth dorsal fin spine, relative to other dorsal spines.

The spines used for counting growth marks varies by species, since the growth of bones
shows specific sensitivity to internal (e.g., physiological and pathological) and external (e.g.,
climatic) factors (Panfili et al. 2002). In several species, such as tuna (yellowfin tuna and
little thunny), aging analyses have focused on the use of the first dorsal fin spine (Lessa and
Duarte-Neto 2004; Alcaraz-Garcia 2012); while for swordfish, the second dorsal fin spine
(Chong and Aguayo 2009); and in blue marlin and sailfish, the fourth spine (Ramirez-Pérez
2005; Jakes-Cota 2008).

The 200% section location was found to be the most suitable for the observation and
counting of putative growth marks. At this location the marks are clearly visible, in contrast
with other section levels, hence increasing the possibility of counting and measuring them.
The selection of the fourth dorsal fin spine and the 200% section level are consistent with
the criteria of greatest legibility of growth marks (Panfili et al. 2002) and growth propor-
tionality with fish length (Hill et al. 1989).

Few previous studies have evaluated which spine and section level are most suitable
for the observation and counting of growth marks. The importance of standardizing age
determination methods when using fin spines has been emphasized by Kopf et al. (2010),
who recommend that after selecting the most appropriate spine to estimate age, at least some
form of standardization should be applied, so cross-sections are obtained from the same
level using consistent criteria. This type of analysis can be used to develop a standardized
methodology for the estimation of age in roosterfish, so that future studies on this species
can be comparable.

When using the fourth spine, the putative growth marks examined in this study were
clearly visible and legible in nearly all cases (93%), with good agreement between individual
readers (CV=9.67%). There is no a-priori CV value that can be used for reference because
it can be influenced by factors other than the reader, including the fish species and the nature
of the hard structure (Campana 2001). In studies of shark age determination, which were
based on counting growth marks in the vertebrae, it is common to find CV values higher
than 10% (Campana 2001). In large pelagic fish, CV values between 10 and 15% are com-
mon (DeMartini et al. 2007), while for fish species of moderate longevity some authors
suggest that a 5% CJV may serve as a reference point (Campana 2001). The CV calculated in
this study suggests relatively high precision in the counts performed independently by the
readers and confirms that the fourth dorsal fin spine may offer future studies an opportunity
to accurately determine roosterfish age.
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Although field validation is necessary for accurately determining the age of roosterfish,
this work was compared to previous aging hypotheses for reference (Ortega-Garcia et al.
2017). Ortega-Garcia et al. (2017) found that otoliths were not useful for accurately ageing
fish over 66 cm FL or ~1-year-old, as daily ring differentiation decreased with increasing
size. Roosterfish with one growth mark on dorsal spines ranged in size from 43-92 cm FL,
a size range spanning the mean size (66 cm FL) of age-1 roosterfish estimated from daily
otolith ring counts (Ortega-Garcia et al. 2017). The wide size range of fish with one dorsal
fin growth mark was likely due to the potential inclusion of individuals that may be slightly
older than one year and also the intermittent sampling protocol used in this work. Although
we acknowledge the need for future validation and the inclusion of a larger size range of
individuals, these data support the use of the fourth dorsal spine in future aging work for
this species.

In general, opaque bands are wider than translucent bands, and as the number of marks
in a section increases, the width of each band decreases (Jakes-Cota 2008). A complete
growth mark consists of a broad opaque band (rapid growth) followed by a narrow translu-
cent band (slow growth) when viewed under transmitting light (Fablet 2006); the presence
and characteristics of such marks (opaque and translucent) were observed in all sections of
rooster fish spines. The size, shape and clarity of marks can vary between individual fish,
populations, and species, as well as between different methods of preparation of the hard
structures (Fablet 2006).

The interpretation of growth marks to determine age is not straightforward, since it
can be misled by the presence of false marks and the vascularization of the nucleus of fin
spines (Kopf et al. 2010). False growth marks have the potential to be an important source
of error in age determination studies. False growth marks have been described as partial
segments that do not extend around the sections of fin spines (Speare 2003). False growth
marks are sometimes, but not always, thinner and less clear than true marks. Although false
growth marks were occasionally found in cross-sections of fourth dorsal fin spine in the
roosterfish, these were easily detected because they were very diffuse and did not form a
complete ring around the focus of the cross-sections of the spine.

The vascularization of the nucleus of fin spines is known as bone remodeling, a process
that has been reported for different fish species (Panfili et al. 2002). Vascularization can
lead to underestimating age and overestimating growth because it tends to obscure the first
growth marks. Vascularization occurs to some extent in all fin spines, and the vascularized
proportion increases directly with fish length (Franks et al. 2000; Drew et al. 2006). In the
roosterfish, it was found that the vascularized area is small and does not obscure the first
growth marks; therefore, it is not a factor that likely influenced the counting of said marks
in this study.

The correlation between the number of growth marks and fork length for roosterfish
in this study was high and supports the findings presented in previous studies on this spe-
cies (Ortega-Garcia et al. 2017). The number of growth marks increased with length for all
individuals examined, further suggesting its potential use as an age estimation tool in future
studies. The accurate estimation of age and growth in the roosterfish will largely depend on
the successful validation of the periodicity of formation of growth marks on cross-sections
of dorsal fin spines or other hard structures. The mark-recapture of chemically-tagged (i.e.,
oxytetracycline) wild fish is one of the best methods that can be used for such validation
studies. Nonetheless, this work provides the necessary foundation for future testing of age
and growth hypotheses for the roosterfish.
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Both leopard (7riakis semifasciata) and brown smoothhound sharks (Mustelus hen-
lei) are inshore species endemic to the eastern Pacific ranging from the Gulf of California
to Oregon, with brown smoothhound sharks also found off Ecuador and Peru. Leopard
sharks are viviparous without a yolk sac placenta, while brown smoothhound sharks are
viviparous with a yolk sac placenta. Both species give birth in the spring to early summer
with leopard sharks producing 7 to 36 young about 20 centimeters total length (cm TL),
while brown smoothhound sharks give birth to up to 10 young from 19 to 30 cm TL in the
spring (Ebert 2003).

In U. S. waters, parturition for both species takes place in several California bays in-
cluding Humboldt, Tomales, San Francisco and several locations south (Smith and Abramson
1990, Ebert 2003, Ebert and Ebert 2005, Smith 2005, Carlisle et al. 2007, Lewallen et al.
2007, Carlisle and Starr 2009, Russo 2015). These bays are generally composed of a va-
riety of habitats including deepwater channels, shallow mudflats, eelgrass meadows and
shoreline marsh sloughs and channels. Elkhorn Slough (Monterey Bay) is a long, winding
channel surrounded by marsh and smaller drainages where leopard sharks, but not brown
smoothhound sharks, are known to give birth (Ackerman 1971).

Primary nurseries have been defined as places where parturition occurs and neonates
in the range of length-at-birth for that species are found and spend the earliest parts of their
lives (Bass 1978, Merson and Pratt Jr. 2007). Similarly, secondary nurseries are larger areas
where slightly older, but not yet mature, sharks forage and grow, following departure from
primary nursery grounds. These definitions and concepts were applied to the determination
of physical boundaries of nurseries in this study. Though it varies by species and locale,
individual sharks may remain in their primary nurseries from one to three years or return
to their natal nurseries seasonally up to nine years after parturition (Springer 1967, Talent
1985, Ebert 1989, Rechisky and Wetherbee 2003, Ebert and Ebert 2005, Heithaus 2007,
Heupel et al. 2007, McCandless et al. 2007a, b, Nosal et al. 2014).
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Identification of specific nursery habitat for elasmobranchs has been defined as a key
component for overall species management (McCandless et al. 2007a, Hussey et al. 2009,
Hughes et al. 2014). Generally, San Francisco Bay has long been known among scientists
as a “nursery” for leopard sharks, brown smoothhound sharks, broadnose sevengill sharks
(Notorhynchus cepedianus), and bat rays (Myliobatis californicus) (Ebert 1989, Ebert 2003,
Russo 2015).

Given the variety and extent of habitats within the bay, however, details of specific
parturition sites are lacking for most species. The purpose of this phase of the overall study
(1970 to 2001) was to determine primary and secondary nursery habitats for leopard and
brown smoothhound sharks within South San Francisco Bay, adding new knowledge to the
biology of both species.

Fishing trips were conducted monthly, year-round, weather and equipment avail-
ability permitting, at pre-chosen locations to spread coverage and to answer specific data
gaps, primarily between coordinates 37° 48’ N, 122° 22” W (San Francisco Bay Bridge) and
37° 27N, 122° 01’ W at the entrance of Alviso Slough at the south end of San Francisco
Bay (Figures 1, 2). Long-lines, rod and reel, and otter trawls were employed from 1970 to
1996; thereafter rod and reel was used exclusively until 2001. On several occasions, catch
events (one date, location, and gear type) occurred in the approximate locations as previ-
ously fished as determined by detailed nautical charts, depth, and triangulation. Sampling
methods for the overall study included 146 catch events using two 6 mm thick, 152 m long
nylon long-lines; 36 catch events using rod and reel (3-5 h, 3-4 rods); and 42 events using
a 1.3 cm mesh, 4.8 m otter trawl (7-15 min tow time).

Rod and reel and trawl catch events produced neonates and young-of-the-year (YOY)
that were not captured by long-lines due to hook and mesh size selectivity. While long-line
efforts were scattered throughout the central part of the South Bay as well as south of the
Dumbarton Bridge, otter trawl events were generally restricted to the shallows (<5 m) of
the East Bay shoreline and the larger Coyote Creek, the Guadalupe and Alviso Sloughs and
near the entrances to Newark and Mowry Slough (Figure 2). Eelgrass meadow locations
were largely unknown at the time and were discovered only as a result of initial trawling.
Trawling in the narrow channels of Newark, Mowry and Mud Sloughs was determined to be
too destructive and dangerous and thus avoided. Although some specimens were sacrificed
for diet and reproductive data (Russo 1975, Russo 2018), the over-arching paradigm was
“catch and release.”

Neonate leopard sharks were defined as specimens presumably within a month or so
of parturition, as evidenced by unhealed and visible natal scars located ventrally between
the pectoral fins and measuring about 4 mm long (Brewster-Geisz and Miller 2000, Lu-
cifora et al. 2005, Duncan and Holland 2006, Hussey et al. 2010, Aca and Schmidt 2011)
and measuring 16 to <25 cm TL. Neonates born within ten days of capture appeared gaunt
with slightly concave bellies, as they fed on residual yolk and energy reserves stored in
their livers (Francis and Stevens 2000, Mollet et al. 2000) prior to feeding on wild prey.
YOY leopard sharks measured >25 to 50 cm TL, while juveniles measured from >50 to 80
cm TL and adult males were >86 cm TL with females >105 cm TL in this overall study (R.
Russo unpublished data). Neonate brown smoothhound sharks were defined as specimens
born within a month or so and showing unhealed natal scars and measuring 17 to <30.4
cm TL (in this study), while YOY were generally <40 cm TL and adults were >51 cm TL
(Yudin and Cailliet 1990, Ebert 2003, Perez-Jimenez and Sosa-Nishizaki 2008). As a means
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FiGgure 1.—Map of San Francisco Bay study area showing the locations of 224 sampling events (1970-2001)
by gear type with long-lines (L), otter trawl (O), and rod and reel (R). While all otter trawl (n=42) locations are
indicated here and in Figure 2, long-line and rod and reel symbols represent one or more catch events of that gear
type in that immediate vicinity in many instances. Map courtesy of the East Bay Regional Park District (EBRPD)

of assigning size/life stage categories, size ranges are relative and not finite in that actual
individual growth can be influenced by metabolism, food availability, competition, health
parasites, and other factors, as we see with most animals.

The mean total length (MTL) was calculated only for the 328 specimens captured
in a commercial shrimp trawl. For all specimens captured in this study, careful attention
was paid to the size and the condition of each neonate and its natal scar, and YOY such
that capture locations could be characterized with regard to their degree of utilization as
primary and secondary nursery grounds (Adams and Paperno 2007).

Across the period of the study, 4,121 elasmobranchs were captured, including 2,478
(60.1%) leopard sharks, of which 696 were neonate and YOY specimens from South San
Francisco Bay. Additionally, there were 842 (20.4%) brown smoothhound sharks including
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FIGURE 2.—An expanded view as existed in 1985 of the southern end of South San Francisco Bay, south of the
Dumbarton Bridge and the Railroad Trestle where leopard shark neonates and YOY were captured mostly by
trawl. Map courtesy of the EBRPD.

234 neonates and YOY; 316 (7.7%) spiny dogfish (Squalus suckleyi) adults and juveniles;
107 (2.6%) juvenile tope sharks (Galeorhinus galeus); 126 (3.1%) broadnose sevengill
sharks of all age classes; 239 (5.8%) bat rays of all age classes; and 13 (0.3%) adult big
skate (Raja binoculata). On 23 May 1979 while on board a commercial shrimp trawler in
the Alviso Slough area (Russo 2015), an additional 328 recently born leopard shark neonates
ranging from 17 to 21 cm (19.4 cm MTL) were superficially examined (length, sex, general
condition) as bycatch.

Overall, leopard shark neonates ranged in size from 16.5 to 25 cm TL with the 16.5
cm neonate caught by otter trawl on 21 May 1982 being the smallest reported thus far in
the literature. Brown smoothhound shark neonates ranged in size from 17.5 to 30.4 cm TL,
in contrast to the literature.

The use of otter trawl and rod and reel throughout the South Bay (Table 1) resulted in
captures of neonate (n =378) and YOY (n = 318) leopard sharks at the entrances to Mowry
and Newark Sloughs (Figure 2), within Coyote Creek and Guadalupe and Alviso Sloughs
and around the edges of Arrowhead Marsh in the East Bay (Figure 3) and, to a lesser extent,
in near-shore eelgrass meadows.

Results of the sampling (Table 1) indicate that brown smoothhound neonates and YOY
strongly preferred eelgrass habitat, while leopard shark neonates and YOY primarily utilized
marsh sloughs and channels, and to a lesser extent eelgrass meadows. Both tended to move
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TaBLE 1.—Catch locations (1970-2001) for 3,320 sharks including 2,478 leopard sharks and 842 brown smoothhound
sharks by approximate age classes as related to habitat of capture with the number of sharks (N) and the percentage
(%) for that growth phase. Each growth phase per species is also calculated for Total percentage (%) compared to
other growth phases. Size/life stage categories are as found in this study and from the literature.

Life Stage Open Bay Eel Grass Marsh Total
>Smto<llm Meadows <3m Sloughs N/ %
N/ % N/ % N/ %
Leopard Shark

Neonate - 81 (21.4) 297 (78.6) 378 (15.2)
YOY* 18 (5.6) 94 (29.6) 206 (64.8) 318 (12.8)
Juvenile 983 (94.6) 21 (2.0) 35 (3.4) 1,039 (41.9)
Adult 634 (85.3) 36 (4.9) 73 (9.8) 743 (30.0)

Brown Smoothhound Shark

Neonate 1(0.7) 132 (99.3) - 133 (15.8)
YOY* 14 (13.9) 87 (86.1) - 101 (12.0)
Juvenile 188 (87.8) 26 (12.2) . 214 (25.4)

Adult 367 (93.2) 27 (6.8) - 394 (46.8)

*YOY = young-of-the-year

out into open Bay as older juveniles. Of the 378 neonates captured by trawl and rod and
reel, 297 (78.6%) were captured in sloughs and channels, while 81 (21.4%) were captured
in eelgrass (Table 1). Similarly, of the 318 YOY leopard sharks captured, 206 (64.8%) were
captured in sloughs and channels, while 94 (29.6%) were captured in eelgrass. A small,
size-related aggregation of YOY (n = 18, 5.6%) leopard sharks all within 15.2 cm of each
other (R. Russo, unpublished data) were captured by long-line in open water between 5 to
7 m deep. While most of the juvenile leopard sharks (n = 983, 94.6%) were captured in
deep water <10 m by long-line, a relatively small number were captured in eelgrass (n =21,
2.0%) or in marsh sloughs and channels (n = 35, 3.4%) by other methods. Similarly, most
adult leopard sharks (n = 634, 85.3%) were captured by long-line in deep water >7 m, while
36 (4.9%) were caught by trawl and rod and reel in eelgrass and 73 (9.8%) were captured
by all methods in marsh sloughs and channels primarily south of the Dumbarton Bridge.

The captures of juvenile and adult leopard sharks in eelgrass and marsh sloughs and
channels usually coincided with parturition and mating period of April through June. Leopard
shark neonates were captured along the East Bay shoreline north of the San Mateo Bridge in
April and May, but were not captured south of the Dumbarton Bridge until the first week of
June. Sexually mature leopard shark females (n = 19) captured by long-line at the entrance
to Mowry Slough were examined 21 June 1971 with 13 (68.4%) recently impregnated hav-
ing uterine embryos. The remaining six (31.6%) had experienced parturition, but had empty
uterine canals and had not yet been re-impregnated by this date.

Over 99% of brown smoothhound shark neonates (» = 132) were captured in near-
shore eelgrass meadows (Table 1), with one rare exception of a 30.4 cm TL neonate being
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FiGure 3.—Aerial view of Arrowhead Marsh (foreground) in 1990, which is part of the Martin Luther King Jr.
Memorial Shoreline Regional Park in San Leandro Bay and east of the Oakland Airport with Bay Farm Island at
the water’s edge, the outer Bay and San Francisco in the background. Photo courtesy of Steve Bobzien.

captured in water 10.7 m deep, which was likely the result of an accidental, premature
birth. Of the 101 YOY captured, 87 (86.1%) were found in eelgrass meadows with only
14 (13.9%) found in deeper water (<7 m deep) immediately adjoining eelgrass meadows.
All neonate and YOY brown smoothhound sharks were captured by trawl or rod and reel
with most neonates captured in May. The majority of juvenile brown smoothhounds (n =
188, 87.8%) and adults (n = 367, 93.2%) were captured by long-line in deep water <11 m,
while nearly an equal number of juveniles (n =26, 12.2%) and adults (n = 27, 6.8%) were
captured by trawl or rod and reel in eelgrass meadows generally in May and June. No brown
smoothhound sharks were captured south of the Dumbarton Bridge nor in marsh sloughs or
channels. Thus eelgrass meadows north of the bridge were found to be the most important
primary nursery habitat for neonate and YOY brown smoothhounds.

Trawling helped define eelgrass meadows along the East Bay shoreline that occupy
a relatively narrow zone usually within a few hundred meters of shore, ranging from 10 m
to 30 m in width given slope, depth, and light penetration sufficient to sustain the eelgrass,
but generally in 2.5 to 3.5 m of water. In South San Francisco Bay, the eelgrass meadows
along the eastern shoreline are rarely if ever exposed at low tide, making these meadows
suitable for brown smoothhound shark and some leopard shark parturition, but at the same
time exposing them to avian predators at low tide (Russo 2015).

Non-eelgrass meadows or open Bay secondary nursery habitat was more difficult to
quantify as the topography of the South Bay from the East Bay shoreline to the San Francisco
Peninsula is a gently tapering mud-covered slope that gradually becomes deeper to about
20 m near the Peninsula shoreline. Therefore, no clear demarcation lines or shear drop-offs
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help define a secondary nursery boundary. Evidence of secondary nursery site activity can
be deduced only from species composition and size combined with catch-event locations.

Based on analysis of trawl and rod and reel data collected in this study, past observa-
tions of avian predators capturing neonate and YOY leopard sharks in marsh sloughs and
channels (Russo 2015), eyewitness reports of leopard sharks mating in marsh sloughs and
channels (T. Laine, personal communication, Mowry Slough, 23 June 1978; L. Fancher,
personal communication, Newark Slough, 29 June 1981) and a report of a kayaker in Newark
Slough seeing “baby” leopard sharks (L. Jones, personal communication, 18 June 1986; R.
Russo unpublished data), the primary nursery sites for leopard sharks are salt marsh sloughs
and channels in the East Bay and extreme southern end of the Bay, especially those that
retain water at low tide, as well as adjoining eelgrass meadows. Evidence also indicates
a large number of neonates concentrated near Coyote Creek and Alviso and Guadalupe
Sloughs south of the Dumbarton Bridge (Figures 1, 2).

Collection data also indicate that the primary nursery sites for brown smoothhound
sharks are limited to near-shore eelgrass meadows of the East Bay, largely between the Oak-
land Airport and the San Mateo Bridge, but possible elsewhere along the western shoreline
where eelgrass may grow. Because brown smoothhound shark neonates were not captured
south of the Dumbarton Bridge or observed among the commercial shrimp trawls of May
1979 (Russo 2015) in the Alviso Slough area, the neonates of this species appear to have a
more restricted primary nursery area than leopard sharks, at least in the East Bay.

The 20-hectare Arrowhead Marsh (Figure 3) in San Leandro Bay along the northeast-
ern shoreline of South San Francisco Bay under the management of the East Bay Regional
Park District is a significant primary nursery for leopard sharks north of the Dumbarton
Bridge, as evidenced by two May trawl events capturing 47 neonates estimated to be <10
d old given their physical condition.

The secondary nursery sites for YOY of both species appear to be a large portion of
the South Bay in water <8 m deep with some overlap. Leopard shark YOY appear to wander
more from primary nursery sites than do brown smoothhound shark YOY who appear to
stay within a few km of eelgrass meadows based on where they were captured (Table 1).
The deep-water channel is from 15 to 20 m deep and generally within 1 km of the West
Bay shoreline. This deep-water habitat is dangerous for smaller sharks as sevengill sharks
2 to 3 m long patrol the area and have been known to attack sharks caught on long-lines
(Russo 2015). Only juveniles and adults of both species were caught in this environment.

Since tag studies indicate leopard sharks are largely residential in San Francisco Bay
(Smith et al. 2003) and considering San Francisco Bay is the largest estuarine environment
in the range of this species (Conomos et al. 1985), this Bay may well represent the largest
primary and secondary nurseries for leopard sharks and perhaps brown smoothhound sharks
throughout their range. There are an estimated 20,234 hectares of salt marsh habitat in San
Francisco Bay (M. Salomon, San Francisco Estuary Institute, personal communication 13
March 2018). While not all marshland sloughs and channels and eelgrass meadows may
function in this manner, there are some that are worthy of evaluation. The western shore-
line areas adjoining Palo Alto, Redwood City, and San Mateo may also serve as primary
nursery sites for these two species, but must be studied to confirm this usage (Heupel et al.
2007). Similarly, the marshland and eelgrass meadows of the North Bay near Tiburon and
the Napa and Petaluma Rivers along with the vast marshlands west of Mare Island may
have similar value.
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Finally, 17 years have passed since this research, and physical changes in the available
marshes and eelgrass meadows, especially in the southern extreme of South San Francisco
Bay, may have occurred due to human impacts or environmental changes, compromising
their value. The potential for primary nursery grounds for both shark species may have
degraded or may be far more extensive than described herein and should be explored to
develop a much more comprehensive understanding. The marsh sloughs and channels and
shallow-water eelgrass meadows of San Francisco Bay should be considered ever more
important in light of these findings in the overall management of these sharks.
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