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This project represents the efforts of many
research teams!
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What is phenology?
Phenology _LT

Phenology is the study of periodic

events in biological life cycles and ,;
how these are influenced by ‘
seasonal and interannual ’ﬂ'

variations in climate, as well as
habitat factors. Wikipedia
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o 3T e What kind of food is
available (and where is it?

Are larvae close to




Latitude

Fish can alter their spawning behavior to improve
odds of larval survival in a warming ocean

Shift geography

Large, migratory
species that can
easily move,
species with
longer lifespans,
or species with
wide niches

>l

Number of larvae

Shift seasonality (timing)

Spring

Summer

Animals that
can’t easily
move, animals
with specific
habitat needs,
or animals that
have natal
homing
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We have combined data from 6 long-term larval fish
sampling programs (across 3 countries!)
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We examined | 6 species from three adult habitats

Coastal pelagics
Schooling fishes in the upper
part of the ocean

* Pacific sardine
* Northern anchovy
* Jack mackerel
* Chub mackerel

Groundfish

Often commercially-fished
species associated with the
bottom closer to the coast

* Pacific hake
* English and rex soles
* Shortbelly rockfish
* Speckled sanddab

 Bocaccio rockfish

Mesopelagics
Abundant indicator fishes in the
middle/deep water column

* Blue lanternfish
* Northern lampfish
* Mexican lampfish
* Panama lightfish




We constructed species distribution models to test
how fish navigate the geography-phenology tradeoff
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We constructed species distribution models to test
how fish navigate the geography-seasonality tradeoff

Step |: Determine the most predictive environmental
covariates for each species

| VA

Salinity Sea surface  “Spiciness” (warm/salty Bottom Sea surface
temperature or cool/fresh) depth height




For each species, we compared four
species distribution models, allowing shifts across
5-year timeblocks

Shift Shift Shift
geography seasonality neither
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We compared models
using 5-fold leave-one-

out cross validation,
and calculated

performance weights
for each model



We predicted larval abundance across a regular £
grid over the same range of years using all models™
and stacking by model weight...
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...giving us a more complete picture of predicted
larval abundance!

50°N

45°N -

40°N -

35°N -

30°N -

25°N -

1995-1999

2000-2004

2005-2009

2010-2014

2015-2019

Abundance
[Log(N+1)]




50°N A

45°N A

40°N -

35°N -

30°N A

25°N A

How do models perform? ¢
Modeling output tracks geographic trends. ..

.but is more conservative with abundance estimates
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C. Empirical vs predicted
,' 1:1 line

Actual trend

Pearson coefficient = 0.562

p = <0.001
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. Adult habitat
How do species Coastal pelagic

navigate the = e
tradeoff between
shifting geography
versus phenology!?

N species

Most species

shifted both 21
phenology and ..-
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Engraulis mordax

How do species Sardinops sagax

o Scomber japonicus

navi gate t h e Trachurus symmetricus

t r ad e off b etween Citharichthys sordidus
Citharichthys stigmaeus A Sum of

log-likelihood
0

100

200

300

400

shifting geography
versus phenology!?

Gadus chalcogrammus
Glyptocephalus zachirus

Merluccius productus

c
7
4
=
-
S
O
| .
O

Parophrys vetulus

HOWGVGI‘, SPeCieS Sebastes jordani

could be Sebastes paucispinis
described by

multiple models!

Stenobrachius leucopsarus
Tarletonbeania crenularis

Triphoturus mexicanus

R
25
O ©
> O
(@}

Vinciguerria lucetia

Base Geo Pheno Both



. . ® Walleye pollock (Gadus chalcogrammus)
H OW d O I O ngltu d I n a I ’ Northern lampfish (Stenobrachius leucopsarus)
1 1 —— nglish sale
Iatltu d I n a I ’ an d 50 - + I(EPagf!ophhry\; vetulus)
seasonal center of -~
gravity co-vary? S 1
: : . @ S | COG
Species with wide £ o) A1
variance in S | Wy e |
geog rap h i C C O G — g (CithariSclg?hC;;eg‘iS;nadedL?st; +- | i
7
6 Northern anchovy
d O n ) t S P awn a,t a . - 2 (Engraulis mordax) ++
. . 3 Pacific sardine
consistent time of "k (Srdinops sagex

year ~150 140 130 -120
Longitudinal COG (°)



. . ® Walleye pollock (Gadus chalcogrammus)
H OW d O I O ngltu d I n a I ’ Northern lampfish (Stenobrachius leucopsarus)
1 1 —— nglish sole
IatItUdInaI, and 50 - + I(EPagf!ophhry‘; vetulus)
seasonal center of -~
gravity co-vary? S 1
‘_2 40 - Seasonal COG
© (month) ——
. . . . =)
Wide variationis £ | m1n i e —
. ° — 9 ] aricpeC ses isﬁvnaejs 1
more likely in the g e s |+
: : : ngraulis mordax)
southern California .| | SR S
Cu rr en t! l % (Sardinops sagax)

~150 ~140 ~130 -120
Longitudinal COG (°)



Does environmental sensitivity/niche
breadth track tradeoffs!?

We calculated a niche hypervolume (Smith’s
measure) for each species:

Hypervolume = 2 \/p ia

Frequency of
Frequency of the species in aJ k \ /

that bin
overall in the
study region

given environmental bin (salinity,
sst, ssh, bottom depth)



Does environmental
sensitivity/niche
breadth track
tradeoffs!?

Hypothesis: Species
with broader niches
may tend to shift
geography over
phenology.
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Can additional life 1.0-

history characteristics
explain trends with

seasonal or geographic
center of gravity >
variance?! = 0o0-
We ran a multiple =

factor analysis on s

different life history

characteristics 2

Qualitative variables:
- Fishery status
- Adult habitat
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JREILLTH . Life history
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In conclusion: Most species we examined have
the capacity to shift both phenology and
geography, with species characteristics predicting
geographic COG variance
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Why does this matter?

* Species that are more likely to rapidly shift geography
| could be more vulnerable to climate impacts (Chaikin

et al. 2024)

@ * Species that already have long spawning seasons and
wide niches may be better prepared for future change

@ * Larvae that aren’t in the “right place, right time” may
face higher mortality rates

* Geographic and seasonal shifts of spawning adults
"J could have an impact on fisheries, especially when
S distributions shift across country borders!



Pacific hake

Rex sole

Feedback

welcome!
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Pacific sanddab
Drawings from CalCOFI Atlas 33



	Default Section
	Slide 1: Eastern Pacific fish spawning patterns demonstrated mixed spatiotemporal tradeoffs in response to environmental changes
	Slide 2: This project represents the efforts of many research teams!
	Slide 3: What is phenology?
	Slide 4
	Slide 5: Fish can alter their spawning behavior to improve odds of larval survival in a warming ocean
	Slide 6: We have combined data from 6 long-term larval fish sampling programs (across 3 countries!)
	Slide 7: We examined 16 species from three adult habitats
	Slide 8
	Slide 9
	Slide 10: For each species, we compared four  species distribution models, allowing shifts across 5-year timeblocks
	Slide 11: We compared models using 5-fold leave-one-out cross validation, and calculated performance weights for each model
	Slide 12: We predicted larval abundance across a regular grid over the same range of years using all models and stacking by model weight…
	Slide 13: …giving us a more complete picture of predicted larval abundance!
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: In conclusion: Most species we examined have the capacity to shift both phenology and geography, with species characteristics predicting geographic COG variance
	Slide 26: Why does this matter?
	Slide 27: Feedback welcome!


