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Beyond boundary currents: ?
Toward dynamic understanding
of mesopelagic communities

» - Ryan Rykaczewski
NOAA Pacific Islands Fisheries Science Center
Honolulu, HI, USA
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We are relatively blind to the

dynamics of open-ocean
forage communities.
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Coastal and shelf forage
communities

Anchovies, sardines, herring, mackerels,

Key taxa capelin, spratt

Commercial landings

Socio-economic importance

Fisheries-independent surveys
Sampling focus

Density / aggregation

Acoustic detection

Taxonomic resolution

Biomass certainty
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Open-ocean forage
communities

Myctophids, bristlemouths, pelagic squid, and
many more



Forage research is

Coastal and shelf forage

concentrated where the communities
biomass and habitat are not. - \
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Research effort
Symposium abstracts

Habitat area
Global Surface ocean

Standing biomass
Estimated global stocks

Where the field shines
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Open-ocean forage
communities



Efforts in other groups focus on understanding potential harvesting of

mesopelagics and on their role in biogeochemical cycling

Ecologically and Economically
Sustainable Mesopelagic Fisheries

EU Horizon 2020
Evaluating mesopelagic biomass,
sustainability of potential
exploitation, and contributions to
the biological carbon pump.

SUMMER
e,

SUSTAINABLE MANAGEMENT
OF MESOPELAGIC RESOURCES

EU Horizon 2020
Mapping mesopelagic resources,
advancing acoustic and trawl
methodologies, and exploring
sustainable harvest scenarios.

@OCEAN

TWILIGHT
ZONE

WHOI
Multi-disciplinary science engine
combining novel platforms, eDNA,
multi-ship expeditions, and the
Twilight Zone Observation Network.

These efforts are advancing what we know about
mesopelagic diversity and biogeochemistry.
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However, there remains a need to capture the kind of
interannual to multi-decadal variability that has
dominated coastal SPF science for decades.




Working towards assessing temporal variability in open-ocean forage

communities...

.. epipelagic

The sensitivities of the abundance, composition,

distribution, and productivity of open-ocean forage
communities to ocean and climate variability ) bathypelagic
remain poorly described and understood.

. mesopelagic I - a

Top predators (and our major fisheries) are
dependent on a forage base we currently do not
characterize.

Question for all:

How can we leverage what we have done Improved understanding
for coastal small pelagic populations to of trophic interactions

Cou réwi &
eDNA Sampling

assess variability in open-ocean forage
communities?

')
£

Instrument
Renaissance




ECOLOGICAL

A physically coupled end-to-end model platform for coastal fcorocicn
ecosystems: Simulating the effects of climate change and changing e
upwelling characteristics on the Northern California Current

ecosystem

James ]. Ruzicka ®*, Kenneth H. Brink ", Dian J. Gifford ¢, Frank Bahr?

Ruzicka

Offshore water

Upwelling

(NOAA, J. Peacock)

The main physical

Latitude

constraints on trophic
fluxes:

- rate of input of
inorganic nutrients

- export of planktonic
production out of the
system




Modeling vertical exchange processes in
oceanic ecosystems to understand forage

and predator dynamics

Annual production signal

myctophids

| mahi mahi

= |lancetfish

production (mmole N/m3/d)

— bigeye tuna

EcoTran captures vertical migration across a
range of scales and accounts for the impact
temperature change with depth on vital rates.

epipelagic
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eDNA meets traditional sampling: towards quantitative metabarcoding ie':

Predlcted biomass

/\

Visual Surveys eDNA

Counts of Fish Counts of DNA

Model Covariates

Strata (6 GAO variables) mmm) 1. CoralCover
2. Rugosity-fine
VRM ‘complexity’ SfM 3. Rugosity-course
4. Depth
Coral Cover SfM 5. Algalcover
6. Northing

L= Ole Shelton

Dist. 100m isobath ‘slope’
NWFSC
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#__ Jonathan
Whitney

Highly detectable species are used to anchor the link between DNA and ké g

biomass derived from underwater visual counts
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and ‘akule at island scale

Offers the first fisheries-independent estimates of biomass for ‘Opelu ig’.:“‘
N,

Decapterus macarellus Jonathan
_ 10.0 - Strat Whitney
‘opelu (mackerel scad) - | ' o4 ratum
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Recent effort (2023...): apply this same method

to our pelagic sampling for micronekton

Andrea Jstin Jessie
Schmidt Suca Perelman

Cetacean
Survey Effort
(all months):

30N | 8

.~ IMKT Sampling
R in: July L]
August L]

25N

Latitude (°N)

20N

T
view)  \_~ g
S L A eloma

Schmidt et al. (in re
- _e’.l' TR .

180 175 W 170 W 165 W 160 W 155 W

Longitude (°W)

Contreras
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Both methods detected a surprising biomass of nehu,
or buccaneer anchovy (Encrasicholina punctifer)

Kobayashi
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Log Abundance
(ind./1000 m?)
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Latitude (°N)
o
z

20°N

Suzuki and Suca (in prep.)
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Nehu is among the dominant fishes, but almost

=~ never seen by the underwater divers

Encrasicholina punctifer Eaaaa e Yy -
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Early efforts to study forage
communities are helping to shed light

on changing the general consensus

about critical species

Marine Mammal Science N

NOTE @ OpenAccess @ @ @ @

Humpback whale feeding behavior and defecation observed
on the Hawaiian breeding grounds

Marc O. Lammers $¥% Julia Zeh, Adam A. Pack, Eden Zang, Ed Lyman

First published: 04 September 2024 | https://doi.org/10.1111/mms.13177 |  ~ VIEW METRICS

Vessel hull

Bait ball

Underwater image of the whale and the bait ball off Olowalu, Maui (Photo: Eden Zang)

Lammers et al. (2025)

‘oofd IMMER GRQUND?

@ HONOLULU ;;vmpefate & subpolar wolorg
Stemming The Tide CIVIL BEAT ] -

Whales Might Be Feeding More In
Hawaii. What Does This Say About A
Changing Ocean?

The findings contradict a general consensus that humpbacks usually
just breed in Hawaiian waters then return to feed around Alaska and

scientists want to know why. By Marina Starleaf leer / ﬂaprll 9,2023
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Progress made towards recognizing variability

over space and time, but tough challenges remain

" Nan
& NOAA .
Trophic relationships are poorly resolved. | I 555 What's for lunch? @ | [ Hmmelstach
WhO eats Whom? ¢ a2 Prey species identified from mahimahi stomachs collected in Hawai'i

7 =resf-associated animal

slender sunfish
Raonzania laevis

sailfin flyingfish 7
Parexocoetus brachypterus freckled driftfish
Psenes cyanophrys

CONt- 243

COHI-505

>

urpleback flying squid
Sthenoteuthis oualaniensis

EFH.171

freckled driftfish
Psenes cyanophrys

Jonathan
Whitney

whitespotted filefish
Cantherhines dumerilii

wa Pl B
Y i

i

barbel flyingfish
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Hippocampus fisheri

5 W »
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*
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‘ convex reef crab  brown surgeonfish Suca
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Progress made towards recognizing variability “'l‘

over space and time, but tough challenges remain i

, : : &% NOAA .
Trophic relationships are poorly resolved. N =6 \What's for lunch? @< | [Himmeisbach
WhO eats Wh0m7 7 o, Prey species identified from mahimahi stomachs collected in Hawai'i

7 =resf-associated animal

slender sunfish

COHI-549 Raonzania laevis

sailfin flyingfish "
o Parexocoetus brachypterus - -
urpleback flying squid » . e, — 2
Sthenoteuthis oualaniensis & h [
frackled driftfish . ST o

Pelagic Psenes cyanophrys e = 1 o
e whitespotted filefish
- . Cantherhines dumerilii **

freckled driftfish
Psenes cyanophrys

COML-2g3

Jonathan
Whitney

12%
(36)

cami 370

barbel flyingfish
Exocoetus monocirrhus

COHL 1054

— oo 5 - . 3 , Y v --thornback cowfish

manybar goatfish # - “# gilded triggerfish

13% Parupeneus multifasciatus 1
(40) COHSt‘dl « gFR-ABT

o] 4, pelagic e

24%

3%

;
(76) o)

Xanthichthys auromarginatus

v
COHI-1037

x'-'oV’.
Fisher's seahorse
Hippocampus fisheri

(1)

COM-a4%

e E—-

4 sleek unicornfish
Naso hexacanthus

- S,
= e L SN Justin
oA % . . lo ngﬁ-spme porcupinefish 3 _\'

0
o & Reef-associated o —m<
( ) iodon holocanthus

0
115 ‘ convex reef crab # brown surgeonfish Suca

( 1 ]5) * oriental flying gurnard ~ Carpilius convexus ACANUILE Aol Rces
o o Dactyloptena orientalis
s S

7 sidespot goatfish <kipiack tuna conrsth .
o ‘. Parupeneus pleurostigma Katsuwonus pelamis . L&j]cgzar:;f]pﬂﬂﬁ;ggggp i
) | T, .T- st ,: I 2 o B TR e v o =

o _A__Rg} needlﬁflsh —

)ennes nians

ribbon halfbeak.
Euleptorhamphus vindis

Page 25 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service






Progress made towards recognizing variability

over space and time, but tough challenges remain

The spatial scale requires innovative sampling
platforms applied in a portfolio approach.

 Gliders, AUVs, satellite observations, and
floats (and synthesized products derived
from these observations)

» Vessels of opportunity

» Collaboration with fishing fleets as sampling
platforms

| | 1000 km
160°E 180° 160°W 140°W 120°W 100°W
I

2 4 6 8 10

Effort (million hooks, 1995-2025)
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A sampling of symposium abstracts addressing mesopelagic, micronekton,

and/or open-ocean forage dynamics

Hill-Cruz et al.
Competition and SPF responses to SSP scenarios, Humboldt System

Plaza-Vega et al.
Jack mackerel fishery in the SE Pacific: interdecadal change

Camilla-Vivar et al.
Early life history of a dominant mesopelagic fish in the South Humboldt

Vilanova et al.
Lanternfish larvae distribution patterns in the Southwest Atlantic

Namiki et al.
Nutritional stress in Myctophum affine larvae, SE Brazilian Bight

Loutrage et al.
Trait-based trophic ecology of deep-pelagic fishes (invited)

Garrido et al.
Trophic ecology of NE Atlantic micronekton via stable isotopes

Zacarias et al.
Trophic ecology of mesopelagic fish, northern Benguela & SE Atlantic

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service

Hunt
Global micronekton nutritional quality and its variability

Richards et al.
Pacific bluefin consumption of anchovy and myctophids, S. California

Ruzicka

Modeling vertical exchange in oceanic ecosystems: forage and predators

Gleiber et al.
Foraging traits and climate variability in NE Pacific albacore tuna

Li et al.
NW Pacific mesopelagic fish vertical distribution and carbon export

Milles et al.
Forage fish responses to future ocean and predator-prey redistribution

Plaza-Vega et al.
Linking oceanographic variability and Trachurus murphyi off Chile

Titaud et al.
Ensemble run quantifying uncertainty in the SEAPODYM LMTL

component



Open-ocean forage dynamics:
Shifting from a “nice to know” to a “need to know”

Diel vertical migrators move
daily through the depths
where dewatering plumes
may be released.

Seamounts

g Without a baseline, we

” onwrmma ¢, cannot distinguish natural
pooirs O variability from responses to
= new stressors. We are going
to be asked to provide
management-relevant
Truoue” science for a system we have

not well measured.

for massive sulphides

POTENTIAL EFFECTS This is both an opportunity

Individuals Populations Ecosystem Services

+ Respiratory distress + Changes in community composition - Fisheries a nd a n u rg e n Cy fo r th e
* Auditory distress X
= Emigration = Seafood contamination

* Reduced feeding Coastal SPF Community to

+ Reduced visual communication * Mortality = Carbon transport
il i * Decreased fitness/reproduction * Biodiversity e n g ag e Wlth O pe n -Ocea n

forage dynamics. ryan.rykaczewski@noaa.gov

Fig. 1. Mining-generated sediment plumes and noise have a variety of possible effects on pelagic taxa. (Organisms and
plume impacts are not to scale.) Image credit: Amanda Dillon (graphic artist).
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