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Small yellow croaker Anchovy Brown shrimp
(Pseudosciaena polyactis)  (Engraulis japonicus) (Crangon affinis)
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Presenter
Presentation Notes
I found an interesting phenomenon while playing with the catch rates, or in other world CPUE data, from the bottom trawl surveys in the Yellow Sea, China.
That is, for multiple species, the CPUE data show various patterns of diurnal variation.
To understand the occurrence of these patterns, I looked into the behavior of these species, 
And I found that almost all these species have been reported with diel vertical movement.
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Many fishes exhibit (e.g., Piet
& Guruge 1997; Stockwell et al. 2010; Weng et al. 2013; Currey et al.
2015).

The spring and fall bottom trawl surveys

in northeast US waters that conducted by
the Northeast Fisheries Science Center,

Fisheries surveys:
 Target at a specific water column;
« Be conducted over day and night;

: The faII: bottom awl surveys '- e |
DVM of fishes Yellow Sea that conducted by the Yellow

Sea Fisheries Research Institute (YSFRI),
Chinese Academy of Fisheries Science.
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Diurnal variation in catchability
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Presentation Notes
In actual, Many fishes exhibit diel vertical movements (DVM) no matter in freshwater or marine ecosystems.

However, most fisheries surveys target at a specific water column, and cannot often cover the whole waters from the surface to bottom.
These regular large-scale fisheries-independent surveys are conducted over day and night, in order to save the input of time and effort.
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The effect of DVM on catchability is often ignored In the
standardization of CPUE (catch-per-unit-effort) for
estimating fish species abundance and distribution.
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Presenter
Presentation Notes
Calibrations of CPUE from these surveys to maintain a consistent catchability is important for evaluating spatio-temporal variability in fish population abundance.

Habitat variables which include both environmental and biotic variables, like temp, salinity, sediment type, prey availability and predation risk, et al.
Habitats for marine fish populations exhibit substantial spatial heterogeneity in environmental characteristics, for example, bathymetry and thermal-saline fields
Such environmental controls have strong influence on the spatial distribution of fish populations at fine scales of tens of square kilometers
This indicates that habitat can play a critical role in regulating the spatial distribution of fish populations.
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Introduction

Objective:

To develop a general statistical model for quantifying the
effect of DVVM on the catchability of a fishery-independent
survey, thereby improving estimations of fish species
abundance and distribution.

Hypothesis:

The effects of time periods of a day on CPUE reflect the
Influence of DVM on the catchability of a fishery-
Independent survey that being conducted over day and night.
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Habitat variables which include both environmental and biotic variables, like temp, salinity, sediment type, prey availability and predation risk, et al.
我们都知道，海洋生物的栖息地具有明显的空间异质性，即使是在局部地区，例如美国缅因湾和我国的渤海，水温和水深等环境因素都并不是均为存在的；
这些因子通常对鱼类生活史的各个过程有重要影响，进而影响鱼类种群的空间分布。



Data & Methods

Data: catches (kg) of small yellow
croaker and related spatial and time
Information from the Yellow Sea
~ Fisheries Research Institute (YSFRI) fall
s bottom trawl survey in the Yellow Sea
(2006-2009, 2011)
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* Ademersal feeding on both
pelagic and demersal species (e.qg.
anchovy, Pacific krill and brown
shrimp), with proved DVM.

Important in ecology and (2,5]
economics; . O E?Qﬁ}sl
Exploited by China, South Korea * e N i N
and Japan.
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Habitat variables which include both environmental and biotic variables, like temp, salinity, sediment type, prey availability and predation risk, et al.
我们都知道，海洋生物的栖息地具有明显的空间异质性，即使是在局部地区，例如美国缅因湾和我国的渤海，水温和水深等环境因素都并不是均为存在的；
这些因子通常对鱼类生活史的各个过程有重要影响，进而影响鱼类种群的空间分布。



Statistical Models

Spatio-temporal delta-generalized linear mixed model

Encounter probability/catch rates

Year
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Unmeasured
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Brief introduction for Geostatistical models:

The model was developed by James Thorson for improving species abundance and distribution estimates.
It is basically a delta-GLMM, which models the probability of having non-zero catches and positive catch rates, separately.

Unlike conventional delta-GLMMs, geostatistical models treat the habitat of target species as multiple continuous surfaces.
Each measured habitat variable like depth or temperature is considered as a separate surface and included in the model as a fixed effect.
And all unmeasured variables are combined as another surface. The geostatistical model considers the influences of unmeasured variables as random effects via spatial and spatio-temporal correlations.  The basic idea for this is that population densities at nearby sites are more similar than densities at geographically remote sites.



Statistical Models

Encounter probability p; for sample 1 at patch s; :

p, =logit™ (d (,)+wj(,)+gj(,)T(,))

Positive catch rate for sample i at location s; :

(4)
Al. =1 /w = exp(dT(,) + a)J(.) + €J(.)T(.) + Hyiy)

Average density at patch s; at year t:

ds,t = Pgy */Is,t
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These are the final equations of geostatistical models applied to GOM cod.
We considered a fixed year effect, fixed depth and bottom temperature effects, and random effects of spatial variation and spatio-temporal variation.
These models were used to hindcast season-specific density of GOM cod at each patch by year.


Results -- Model Validation

No spatial correlation in the residuals Deviance explained by the model

o
e ﬁ Moran's | = 0.26 | S(AT,—AT)?

 Y(AI;—AI})?

3
= 37.2%
- of which 24.6% was

Z
(o]
()
o
-
s
-+
®©
- |

explained by the effect

of time period.

120 122 124 126
Longitude (° E)




The effect of DVM on catchability
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模型量化的昼夜时段对CPUE的影响，即昼夜垂直分布对可捕系数的影响。
可以看到，在凌晨时分捕捞效率最低，随后捕捞效率逐渐提高，10点至12点间存在一个峰值；转而逐渐降低，在午夜23-24点处于波谷。

这与薛莹等通过胃含物分析发现的小黄鱼的昼夜垂直移动习性相符，也符合小黄鱼的生态学特性。
Diel variation in the mean  stomach fullness  and per cent of empty stomachs (^)of small yellow croaker in (a) spring, (b) summer, (c) autumn and (d) winter.

6-10点和22点-2点平均饱满指数最高、空胃率最低

优势饵料生物：太平洋鳞虾和脊腹褐虾白天可获得性差，有昼沉夜浮的习性；因为大部分鱼类靠眼睛捕食，小黄鱼作为低营养级鱼类在白天被捕食


DVM of small yellow

on catchability

1-5

( )stomach fullness 12
0-9

percent of
empty stomachs

(Xue et al. 2005)

(#)

0

1i6

1.0

—— median — megn

B AL BN 2R 5K
0.5

Random effect coefficient

Start to
_ sink
croaker and its effect down

Prey on

shrimp at the

brown

bottom

Startto ~ Preyon
floatup @anchovy and

Pacific krill
A

(c)

100

T—ZO
: 0

-1 80

-1 60

-1 40

Anchovy and
Pacific krill
stay 1T tihe
pelagic or
midwater
column in Fall

Time/h

8 10 12 14 16 18 20 22
if B¢ Diel period /h


Presenter
Presentation Notes
模型量化的昼夜时段对CPUE的影响，即昼夜垂直分布对可捕系数的影响。
可以看到，在凌晨时分捕捞效率最低，随后捕捞效率逐渐提高，10点至12点间存在一个峰值；转而逐渐降低，在午夜23-24点处于波谷。

这与薛莹等通过胃含物分析发现的小黄鱼的昼夜垂直移动习性相符，也符合小黄鱼的生态学特性。
Diel variation in the mean  stomach fullness  and per cent of empty stomachs (^)of small yellow croaker in (a) spring, (b) summer, (c) autumn and (d) winter.

6-10点和22点-2点平均饱满指数最高、空胃率最低

优势饵料生物：太平洋鳞虾和脊腹褐虾白天可获得性差，有昼沉夜浮的习性；因为大部分鱼类靠眼睛捕食，小黄鱼作为低营养级鱼类在白天被捕食


)Ausuaq

/6%

8¢ 9¢ 14
( N o)epniieT

( wy/Bx)AususQ

o o W o
M N N = = 1 O

8¢ 9¢ 14
( N o)epniieT

( wy/Bx)AususQ

( N o)epniieT

124

120
Longitude( ° E)

124

120

Longitude( ° E)

124

120

Longitude( ° E)

nA_.}

m —
' —_——O
~ — 0O O O
(@) — = NN © <
X NN o
W_\ oD
U x ¢« o 0 0 O O O
o

@)

( w»i/bx)AususQ
o] o Te] (w]

30

(9] =

8¢ a¢ 14
(N o)opniie
( w»i/bx)AususQ

w o w o
[aY] Y] — — o] o

4>

(N o)spnieT

124

120

Longitude( ° E)

124

120

Longitude( ° E)




_a- Weighted-average
—— Model-based

X
()
o
S
()
O
c
©
§e)
c
>
Qo
®
©
et
o
|_

2006 2007 2008 2009
“FYear

Results

2011

0 Shandong B Jiangsu

12.27
1167 11.64 11.94

10.7

.

2007 2008 2009 2010 2012

Production(mt)

Year



Conclusions

v For fish species with DVM, the effects of diel vertical
movements should be considered in the calibration of
abundance indices for improving the precision of
abundance and distribution estimations.

v’ Spatio-temporal models may be used to study the
DVM behaviors of fish species that are not large
enough for carrying animal-attached transmitters or not
easy to identify by acoustic telemetry system.
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