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Introduction

* Estuaries are important habitats for numerous diadromous species,
yet susceptible to climate change.

o Patuxent River Estuary is a representative shallow water estuary
(~ 2.5 m).

* Copepods are key links in aquatic food webs, serving as an abundant
food source for fish larvae and directly influencing fish recruitment.

food to fish!

* Freshwater discharge has been i1dentified as a primary determinant of
copepod phenology (Kimmel and Roman 2004).
o The quantification of discharge effects remains challenging,
particularly for brief, episodic events.
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Shadow images of zooplankton

More high-frequency data is required to elucidate
copepod dynamics under the accelerating climate change (Zhang etal. 2023)

and anthropogenic stressors



Objectives

Using high-frequency image data to:

(1) mvestigate seasonal patterns of copepod
densities and body sizes

(2) explore the effects of freshwater discharge in
shaping copepod phenology

(3) compare copepod seasonal patterns 1n recent
years with historical records from three decades
ago




Methods

» Study area

Patuxent River mouth:
* Chesapeake Biological Lab
pier (triangle)

Upper Chesapeake Bay:

* Five mesohaline stations in
the upper bay (CB3.3C,
CB4.3C, LE1.1, ET5.2,
CB5.2)

* Four stations (TF1.5, TF1.6,
TF1.7, LE1.1) in Patuxent
River
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Methods

» Image data between 2023-2024

* [n-situ zooplankton images were collected from
Feb 2023 to Feb 2024 at CBL pier, using
PlanktonScope, a shadowgraph imaging system

* 640 nm strobe 1llumination & 2 s exposure

* Pixel resolution is 20 um

e 1/20 Hz (1 frame per 20 seconds)

e ~236 mL/ frame Example frame from PlanktonScope
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Methods

» Bongo net data between 1984-2002

' e~ Chesapeake Bay Program
Science. Restoration, Partnership.

Discover the Chesapeake v Learn the Issues v Take Action v In the News v

* Historical copepod data of 5 stations
between 1984—2002 were downloaded Baywide CBP Plankton Database
from the Chesapeake Bay Program
P]ank t()n Da tabas e g:::u:ii;;er: Plankton, phytoplankton, zooplankton, mesozooplankton, gelatinous zooplankton, primary

Geographic Extent: Chesapeake Bay and tidal tributaries

Date Range: 1984-present
Contact:

o MOnthly baSIS thr()ugh the Water COlumn Data is currently being collected under the following grants: CB98361804, CB98385303, CB98382503
uSing paired bongo nets Download Dataset X

Documentation:
™) 5 O Cop epod Sp ecies Or groups Were « Map of Plankton and Vertical Fluorescence Monitoring Stations [PDF, 229.7 KB]

s The Plankton Database Entity Relationship Diagram [PDF, 56.8 KB]

» A Comprehensive List of Chesapeake Bay Basin Species 2007 [PDF, 1.7 MB]

S eleCted and SUb sequently Summed ¢ Phytoplankton and Zooplankton Database Design and Data Dictionary [PDF, 305.1 KB]

+ Maryland Mesozooplankton Monitering Project Data Documentation [PDF, 299.5 KB]




Methods

> Environmental data - @eeo

»

® -
Patuxent Sentinel: Chesapeake Biological Laboratory Pier Monitoring Program

Scroll Down to See Current Conditions and Recent Patterns in the Patuxent River near Solomons, MD

L] L]
2
[ ] Welcome to the Chesapeake Biological Laboratory Pier Monitoring Dashboard. CBL has been routinely monitoring
environmental conditions from its pier since 1938, and we continue these efforts with a comprehensive physical,
biological, and chemical monitoring platform. With support from the National Science Foundation and links to

nearby federal measurement platforms, such as NOAA tide and weather data and USGS stream gauging, we

Q provide a full suite of local, real-time environmental measurements.
Want to know what the winds, tide, or water temperature are before heading out on the water? Want to know
how salty the water is?

@4 Are you an educator or scientist looking to explore the relationships between water chemistry, physics, and biology

in the Patuxent River?

Enjoy exploring the diverse suite of data on this site!

* Water temperature i

Current Weather and Water Conditions at the Chesapeake Biological Laboratory Pier.
Liklihood of encountering a sea nettle is based on current temperature and salinity (Decker et al. 2007, courtesy Raleigh Hood).

Data updated every 15 minutes.

Sea Nettle Likelihood (%) Water Temperature (celsius) Salinity Fluorescent DOM (QSU)

CBL Pier Monitoring Dashboard &
CBP Water Quality DataHub

 DataHub

Water Quality Living Resources Fluorescence Toxics Contact Us

Water Quality

Data Type: WaterQuality and calculated physical and nutrient parameters.

Data is currently being collected under the Clean Water Act 117 funding.

CEDR Database lookup table codes:

Water Quality Data and Monitoring Event Data lookup table MSExcel files provide additional infermation on the abbreviations and codes used in all Water Quality data downloads.
Annual Water Quality File Downloads:

Annual files contain physical and chemical parameter concentrations at specific depths within the water column based on Data Stream, Program and Projects.

Water Quality Data Download Citation:

Chesapeake Bay Program. (n.d.). CBP Water Quality Database (1984-present). Chesapeake Bay Water Quality Database. https://www.chesapeakebay.net/what/downloads/cbp-water-quality-
database-1984-present



Methods

> Environmental data

* Salinity
* Water temperature

* Freshwater discharge rates

Distributed Lag Non-linear Model (DLNM)
was applied to study the effect of freshwater
discharge

log [E(Y)] = a+ f(IgFD,, 1) + ¢,

Monitoring location
Patuxent River Near Bowie, MD - Usik5-01594440

WOFH Homie WOFM teols and data ~ Data Inwentory « Other water data resounoes - Comnect -

@ Urgent for you to know:

= Dueto a lapse in goverrament funding, the majority of USGS wehsites will not be updated except to provide important public
sallety information. Websites displaying real-time water data willl be u pdated with limited suppart. For more infarmation please

sed waw dol gosshutd awin.

I Losacy ceal time page @

@ 1 days D 30 days D 1 year Scale m
Continuous data

Patuxent River Near Bowie, MD - USGS-01594440 Subscribye bo Waterflert

1025F 108118 - 2025E 105 16
Gage height, feet

4.26 ft - Oct 13, 2025 02:45:00 AM EDT

235

225




Methods

> Striped bass recruitment data

Translate

2iMaryland.gov £ Maryland State Jobs

Enter search term Fishing Reports Recreational Commercial Management Programs

MARYLAND

Department of NaturallResources ; flv]Glo]--link

Fisheries Home Page Juvenile Striped Bass Survey
Striped Bass Monitoring

Striped Bass Monitoring
* Commercial Monitoring
Recreational Monitoring
Adult Spawning_Stock
Juvenile Index Survey

Fisheries Regulations INTRODUCTION: The juvenile striped bass survey documents
annual year-class success for young-of-the-year striped bass

Fishing Licenses (Morone saxatilis) and relative abundance of many other fish

species in Chesapeake Bay. Over 100 fish species have been

collected since 1954. Annual indices of relative abundance provide

in Our Mailing Li s
almeienelling e an early indicator of future adult stock recruitment and * EL.EFLYKS
st p ¢ Biologists
document annual variation and long-term trends in abundance S tec 1 ieh
e e * Species Lisf
Fishing in MD and distribution. 2
* Glossary

SAMPLE AREA and INTENSITY: Juvenile indices are derived
annually from sampling at 22 fixed stations within Maryland's

Photo Gallery
Public Notices

portion of the Chesapeake Bay. Stations have been sampled
Fishing Events continuously since 1954, with changes in some station locations.

They are divided
More Resources v ‘ among four of the
major spawning i .
Recent and nursery areas:
seven each in the Potomac River and Head of Bay areas and four
? ‘ ; each in the Nanticoke and Choptank Rivers. Sampling is monthly,

* Annual young-of-year (YOY) index
Fish that are less than 1 year of age




Results

» Copepod Density

1984-2002
— * Copepod density peaked in spring
£ : (Mar.-Apr.) in 1984-2002
©
E | L. ) . * Copepod density peaked 1n late winter
2 o e e e—e—— and early spring (Feb.-Mar.) in 2023-
% 2023-2024 2024
O o a
§ o * The spring peaking time was 1-2

months earlier than 30 years ago
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Results
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Results

5 Copepod density

§ 2] e . .

70 ' Distributed Lag Non-linear Model (DLNM) results:
R * Moderate freshwater discharge had a positive
 Water Temperatur . effect on copepod density with the strongest effect
a Q = estimated at 27.5 m>/s and a 17-day lag

7 207 0

S * No obvious effect on water temperature; other
R factors influence T more, likely seasonality

Ig(Discharge)
& Salinity . L.
- 4 * Negative effect on salinity
z 20 - 2
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20

1.0 1.5
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Results

2023-2024 monthly Discharge-driven water mass controls:

* Copepod density was elevated during
winter and early spring (December to
March), a period characterized by cold
and relatively fresh water masses
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Copepod density
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* Copepod density declined 1n late spring
to early autumn (April to September)
with a warm water mass.
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Copepod density(ind./m*)
1

Discharge (mY/s)

Water Tempurature (*C)

(A) Striped Bass year-of the-young
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* Indices for young-of-the-year (YOY, per
haul) striped bass were elevated during
, cold, wet years (e.g., 1993 and 1996).
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(C) Freshwater discharge in winter and spring

| - * Low YOY during dry years with below-
€ el average discharge, even when winter
_II——“ —“ Hr temperatures were cold (e.g., 1985-1990
A | L & 2002)
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Discussions

* Large copepods might contribute more to
the seasonal shift of copepod phenology. -
o Large copepods are more easily ) L- s e
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influenced by climate change than =T

small copepods.
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Discussions

* Large copepods might contribute more to
the seasonal shift of copepod phenology.
o Large copepods are more easily
influenced by climate change than

small copepods.

* This seasonal shift of copepod phenology
might cause mismatch between copepod
phenology and striped bass recruitment during

spring.




(a) Full model: High concentration (b) Scene-specific: High Concentration

Discussions

* Large copepods might contribute more to
the seasonal shift of copepod phenology.
o Large copepods are more easily
influenced by climate change than

small copepods.

(c) Full model: Shrimp (d) Scene-specific: Shrimp

(f) Scene-speciﬁc: Low density

* This seasonal shift of copepod phenology "y
might cause mismatch between copepod F 1
phenology and striped bass recruitment during B - <3 |
spring. Brle . 23 y

Fig. 5. Examples of processed underwater plankton images from three different scene categories using the full model and scene-specific models.

(Bietal.2024)

* More high-frequency data are needed for quantifying the influence of climate change on

copepod phenology.
v" Plankton imaging systems coupled with AI can provide near real-time data



Take-home Messages

Copepod density peaking time might change from spring to late winter
and early spring, which maybe attributed to warm and wet winter caused
by climate change.

This seasonal shift in copepod phenology could potentially lead to a
mismatch between copepod availability and fish larvae recruitment in
Chesapeake Bay.

Long term monitor for high-frequency data 1s needed to quantify the
effect of climate change on copepod phenology.



Thank you!

Questions?
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