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A B S T R A C T

Forecasting abundance and understanding year class strength is key to the ecosystem-based fisheries manage-
ment of herring and other small pelagic fish. Using the San Francisco Bay herring population, we tested the
hypothesis that abundance (spawning stock biomass; SSB) could be predicted prior to the commencement of
annual fisheries using estimates of i) previous SSB (SSBlag1), ii) young-of-the-year production (YOY), and iii)
environmental conditions. A time series model including SSBlag1, YOY lagged 3 years (YOYlag3), and environ-
mental conditions in the season before spawning explained 67% of the variance in annual biomass, with better
predictive error in comparison with simpler models. YOYlag3 was by far the strongest predictor. It was robust
over the entire study period (1980–2017) and also for a more limited period (1991–2017) when observed
variance in SSB increased. We attribute the predictive power of YOY productivity to age structure, as almost 70%
of the population is comprised of young fish. We hypothesize that an age truncation effect, probably resulting
from a combination of long-term environmental effects and fisheries impacts, supports this model, which ef-
fectively predicts year class strength. Assuming the population age structure remains the same in the future, our
model provides management with an early warning indicator of upcoming SSB with a 3-year lead, which could
be applied in harvest control rules.

1. Introduction

Since the early days of fisheries oceanography, one of the principal
goals has been to understand and predict population fluctuations of
small pelagic fish relative to production, recruitment, and ocean con-
ditions (Hjort, 1914; Freon et al., 2005; Watanabe, 2007). Though
hundreds of studies on fish production and recruitment have been
conducted on a wide diversity of species, our ability to forecast small
coastal pelagic fish populations is fraught with issues, including weak to
non-existent stock-recruitment relationships (e.g., Stocker and Noakes,
1988) and non-stationary relationships (Myers, 1998). Today, with the
confounding effects of fisheries removals, which may exacerbate effects
of ocean conditions (Essington et al., 2015), and climate change, which
may cause fish redistributions (reviewed by Poloczanska et al., 2013),
the challenge of prediction has become both more acute and urgent.
Understanding how marine climate impacts future abundance is fun-
damental to stock assessment and designing and implementing appro-
priate harvest control rules (Lindegren et al., 2010; Hollowed et al.,
2013). In particular, a combination of environmental or fisheries-re-
lated changes to population age structure may result in unexpected

consequences for production, recruitment, and population dynamics
(Anderson et al., 2008).

Owing to their neritic distribution and centurial history of ex-
ploitation (e.g., Cushing, 1961), herring have been the focal point of
dozens of observational and modeling studies seeking to understand
and predict variation in abundance for management purposes. In
northern Europe, herring have been exploited since the 10th century,
and time series research on landings clearly shows decadal-scale fluc-
tuations in abundance relative to various interrelated meteorological
and hydrographic variables (Alheit and Hagen, 1997). Similar re-
lationships in herring abundance, growth, and size-at-age have been
established at interannual time scales using observations (e.g., Williams
and Quinn, 2000a,b; Beamish et al., 2004; Cardinale et al., 2009) and
models (e.g., Hay et al., 2008; Rose et al., 2008; Ito et al., 2015). In the
northeastern Pacific, Pacific herring (Clupea pallasii) are important for
fisheries and food chains (Beamish et al., 2004; Szoboszlai et al., 2015).
A recent meta-analysis of herring population trends and variability in
the California Current Ecosystem (CCE) showed a secular decline in
biomass estimates since 1980 for many stocks along the U.S. west coast,
but data were limited to a ∼30-year period (Thompson et al., 2017).
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Notably, in the same study, stocks along the Canadian west coast stu-
died over a longer period (∼60 years) demonstrated decadal-scale
variability.

At the southern-most end of its range in the northeast Pacific, the
San Francisco Bay (SFB) herring stock biomass has become more vari-
able through time (Thompson et al., 2017), but nonetheless remains
relatively large compared to other stocks in the CCE south of British
Columbia (Siple and Francis, 2016). Variability in the SFB spawning
stock biomass (SSB) is poorly understood, with occasional biomass le-
vels low enough to trigger fisheries closures (e.g., 2009–2010; CDFW,
2017a). From November–March, adult herring enter SFB and spawn in
the shallow subtidal habitats of the shoreline. Upon hatching, larval fish
develop in the bay; juveniles typically migrate to the ocean in Sep-
tember–October (Fish et al., 2012). Management of the fishery on this
stock includes the following data collections: 1) annual fall-winter
surveys of spawning and egg deposition, conducted by California De-
partment of Fish and Wildlife (CDFW), which are subsequently scaled
up to estimate standing stock biomass, 2) monthly mid-water trawl
surveys of reproductive output by CDFW to estimate production of
young-of-the-year (YOY) (Feyrer et al., 2015), and 3) an annual general
assessment of ecosystem conditions before each spawning season
(CDFW, 2017a). A variety of regional measurements of environmental
conditions within SFB and in the adjacent ocean are collected during
monthly CDFW surveys, including measurements of temperature and
salinity. Other related environmental factors are available for synthesis,
including regional to large-scale ocean climate indicators. García-Reyes
and Sydeman (2017) synthesized many of these indicators into seasonal
Multivariate Ocean Climate Indicators (MOCI). MOCI couple the shared
variation in basin-scale drivers, such as the Pacific Decadal Oscillation
(PDO) and the North Pacific Gyre Oscillation (NPGO), with regional
oceanographic processes such as upwelling (e.g., Bakun upwelling
index) and local oceanic responses (e.g., temperature and winds).

We took a broad exploratory approach to understanding potential
environmental and biological predictors of the SFB herring population.
An exploratory approach was needed because prediction of population
fluctuations was a key goal of the study and both basin-scale and re-
gional environmental drivers are known to affect fish, seabirds, and
marine mammals of the central-northern California Current (e.g.,
Thompson et al., 2012; García-Reyes et al., 2013; Sydeman et al.,
2014). We therefore surmised that herring would be similarly re-
sponsive to drivers at multiple temporal and spatial scales. Moreover, it
is well known that environmental conditions within and outside SFB, in
the Gulf of the Farallones and even further afield, may strongly covary
(Cloern et al., 2010; Feyrer et al., 2015). Consequently, we test a gen-
eral hypothesis that lagged ocean conditions and herring productivity
can be used to predict fluctuations in the SFB herring population. We
expected herring biomass to be positively related to herring pro-
ductivity, lagged 2 or 3 years to the year in question and assuming that
higher productivity resulted in higher recruitment and higher biomass.
We expected herring biomass to be positively correlated with regional
upwelling and associated features (cold temperatures, high ocean sali-
nity, negative PDO/positive NPGO). We did not have a priori expecta-
tions concerning other features of the environment such as outflow of
freshwater into SFB, nor SFB temperature and salinity. To test this
hypothesis, we integrated herring population data with information on
bay and ocean conditions. This study is designed to contribute to a new
fisheries management plan (FMP) for the SFB herring fishery under
development by the State of California in partnership with commercial
fishers and the conservation community. Forecasting tools are needed
for SFB herring abundance assessments, management strategy evalua-
tion, and in application of harvest control rules that may be designed to
maintain escapement and productivity as well as the trophic role of
herring in the coastal ecosystem (Rice and Duplisea, 2014).

Ta
bl
e
1

En
vi
ro
nm

en
ta
l
an

d
he

rr
in
g
po

pu
la
ti
on

da
ta

us
ed

in
th
is

st
ud

y.
Pe

ri
od

of
da

ta
,r

es
ol
ut
io
n,

lo
ca
ti
on

/r
eg

io
n
an

d
so
ur
ce

ar
e
sp
ec
ifi
ed

.

D
at
a

La
be

l
Pe

ri
od

Lo
ca
ti
on

U
ni
ts

Te
m
po

ra
l
re
so
lu
ti
on

So
ur
ce

H
er
ri
ng

Sp
aw

ni
ng

st
oc

k
bi
om

as
s

SS
B

19
80

–2
01

6
SF

B
K
m
t

Se
as
on

al
su
m

ac
ro
ss

m
on

th
s
D
ec
–M

ar
,u

ps
ca
le
d
fr
om

eg
gs

to
K
m
t

C
D
FW

,
H
er
ri
ng

M
an

ag
em

en
t
Pr
og

ra
m

Tr
aw

lC
PU

E
A
ge

-0
,A

ge
-1
,a

nd
A
ge

-2
+

Y
O
Y
,A

ge
-1
,A

ge
-

2+
19

80
–2

01
5

SF
B

N
um

be
r
of

fi
sh

Se
as
on

al
av

er
ag

e
ov

er
se
ve

ra
l
m
on

th
s,

A
ge

-0
:

A
pr
–O

ct
,A

ge
-1
:
Fe

b–
A
pr
,A

ge
-2
+

:D
ec
–M

ar
.

C
D
FW

,
Sa

n
Fr
an

ci
sc
o
Ba

y
St
ud

y/
In
te
ra
ge

nc
y
Ec

ol
og

ic
al

Pr
og

ra
m

fo
r
Sa

n
Fr
an

ci
sc
o
Es
tu
ar
y

H
er
ri
ng

C
on

di
ti
on

In
de

x
H
C
I

19
84

–2
01

5
SF

B
N
o
un

it
s

Se
as
on

al
av

er
ag

e
of

Fu
lt
on

’s
K
ac
ro
ss

w
in
te
r
m
on

th
s

C
D
FW

,
A
BM

P/
H
M
R

En
vi
ro

nm
en

ta
l

M
id
w
at
er

tr
aw

ls
te
m
pe

ra
tu
re

an
d

sa
lin

it
y

Tr
aw

l-T
Tr
aw

l-S
19

80
–2

01
6

35
st
at
io
ns

th
ro
ug

ho
ut

SF
B

°C
,P

SU
3-
m
on

th
ru
nn

in
g
av

er
ag

es
,o

ve
r
9
m
on

th
s
ea
ch

ye
ar

C
D
FW

,
Sa

n
Fr
an

ci
sc
o
Ba

y
St
ud

y/
In
te
ra
ge

nc
y
Ec

ol
og

ic
al

Pr
og

ra
m

fo
r
Sa

n
Fr
an

ci
sc
o
Es
tu
ar
y

Sa
cr
am

en
to

R
iv
er

D
el
ta

ou
tfl
ow

O
ut
fl
ow

19
96

–2
01

6
SF

B
A
cr
e-
ft
.

3-
m
on

th
ru
nn

in
g
av

er
ag

e
C
al
if
or
ni
a
D
ep

ar
tm

en
t
of

W
at
er

R
es
ou

rc
es

Fa
ra
llo

n
Is
la
nd

s
se
a
su
rf
ac
e
sa
lin

it
y

Fa
r-
SS

S
19

79
–2

01
5

G
ul
f
of

th
e
Fa

ra
llo

ne
s

PS
U

3-
m
on

th
ru
nn

in
g
av

er
ag

e
SI
O
,S

ho
re

St
at
io
n
Pr
og

ra
m

Bu
oy

N
26

se
a
su
rf
ac
e
te
m
pe

ra
tu
re

N
26

-S
ST

19
82

–2
01

5
37

.8
°N

,
12

2.
8°
W

°C
3-
m
on

th
ru
nn

in
g
av

er
ag

e
N
at
io
na

l
D
at
a
Bu

oy
C
en

te
r/
N
at
io
na

l
O
ce
an

ic
an

d
A
tm

os
ph

er
ic

A
dm

in
is
tr
at
io
n
(N

O
A
A
)

Ba
ku

n
U
pw

el
lin

g
In
de

x
BU

I
19

79
–2

01
5

39
°N

m
3
/s
/1

00
m

3-
m
on

th
ru
nn

in
g
av

er
ag

e
Pa

ci
fi
c
Fi
sh
er
ie
s
En

vi
ro
nm

en
ta
l
La

bo
ra
to
ry
/N

O
A
A

M
ul
ti
va

ri
at
e
El

N
iñ
o
So

ut
he

rn
O
sc
ill
at
io
n
In
de

x
M
EI

19
79

–2
01

5
Tr
op

ic
al

Pa
ci
fi
c

N
o
un

it
s

3-
m
on

th
ru
nn

in
g
av

er
ag

e
Ea

rt
h
Sy

st
em

R
es
ea
rc
h
La

bo
ra
to
ry
/N

O
A
A

Pa
ci
fi
c
D
ec
ad

al
O
sc
ill
at
io
n

PD
O

19
79

–2
01

5
N
or
th

Pa
ci
fi
c

N
o
un

it
s

3-
m
on

th
ru
nn

in
g
av

er
ag

e
Jo

in
t
In
st
it
ut
e
fo
r
th
e
St
ud

y
of

th
e
A
tm

os
ph

er
e
an

d
O
ce
an

,
U
ni
ve

rs
it
y
of

W
as
hi
ng

to
n

N
or
th

Pa
ci
fi
c
G
yr
e
O
sc
ill
at
io
n

N
PG

O
19

79
–2

01
5

N
or
th

Pa
ci
fi
c

N
o
un

it
s

3-
m
on

th
ru
nn

in
g
av

er
ag

e
E.

D
i
Lo

re
nz

o
M
ul
ti
va

ri
at
e
O
ce
an

C
lim

at
e
In
di
ca
to
r

M
O
C
I

19
79

–2
01

5
C
en

tr
al

C
al
if
or
ni
a

(3
4.
5–

38
°N

)
N
o
un

it
s

Se
as
on

al
va

lu
e
fo
r
w
in
te
r,

sp
ri
ng

,s
um

m
er
,a

nd
fa
ll

Fa
ra
llo

n
In
st
it
ut
e

W.J. Sydeman et al. Fisheries Research 205 (2018) 141–148

142



Download English Version:

https://daneshyari.com/en/article/8885335

Download Persian Version:

https://daneshyari.com/article/8885335

Daneshyari.com

https://daneshyari.com/en/article/8885335
https://daneshyari.com/article/8885335
https://daneshyari.com

