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Context:

There are a variety of changes in water-quality that have
occurred over the past 30 years in Chesapeake Bay

For the mainstem Bay, these changes are spatially-specific

Many of the analyses of changes in water quality have
focused on annual-scale patterns

But many variables have regular seasonal variability, and
changes in the seasonality of key variables will help explain
long-term change in Chesapeake Bay



A Variety of Changes in a Variety of Places
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Spatial Patterns in Trends
Capture Annual Patterns

Algal Abundance
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Many Variables Have Dependable
Seasonal Cycles
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phe-nol-o-gy
fi' nalaje/
Noun

the study of cyclic and seasonal natural phenomena,

especially in relation to climate and plant and animal life.
(from Google)

Phenology refers to key seasonal changes in plants and
animals from year to year — such as flowering, emergence
of insects and migration of birds — especially their timing

and relationship with weather and climate.
USA National Phenology Network



https://www.usanpn.org/

Phenology in Terrestrial Ecosystems

Phenology a well-established concept in terrestrial ecology describing natural cycles related
to annual solar cycle (light, temperature) and potential responses to climate change

Inherent in the phenology concept is the linked timing of primary producers and consumer
migrations and/or reproduction
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Challenges to Understanding
Phenology in Coastal Ecosystems

(1) Estuaries are highly dynamic systems
- freshwater input can be the dominant driver seasonally and inter-annually

(2) Phenological changes occurring in watersheds will be transferred to estuary
- timing of watershed hydrology drives timing of estuarine response

(3) Time scales of turnover for small organisms (e.g., phytoplankton) too short?
- only larger animals accumulate long periods of climatological change

(4) Spatial variability/gradients in seasonal timing
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Chesapeake as an E_xperimental Ecosystem
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Shifted Seasonality in Hypoxic Volume
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e Inter-annual variability realized via intra-annual shift in timing (phenology)
e What is driving this intra-annual change in hypoxic volume?



Chesapeake Bay Regions
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Dissolved Oxygen (uM)
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Late Summer
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Modest Declines in Susquehanna N Load

120l"'ll"'I""I""I""I""I""

T 400
— a i ——-2000-2013
e O Hagy
> 100f e NontidalMonProg T - ~#—1985-1999
o —= GAM Fit { ! = 100
X - —— Flow-Adjusted ‘ \ I‘,- RS
“© 8o} i ﬁ n i b TE ) 2
o TRl I h Z 200
.E 60 B ¥ i1 r o
re] & \ ©
© 3 gt 9
S a0} 3 ¥ =
Z B = 199
= | K’
20 [ I T R N N TN TN TN T (N TN (N NN AN TN SN NN TN N TN SN NN N TN TN TN NN NN N [N (N O N}
1940 1950 1960 1970 1980 1990 2000 2010 0! : : _ .
Feb Apr June Aug Oct Dec
Annual Loads - Harding et al. (2015) Testa (unpublished) using USGS data
Jan-May SusquehannaNitrogen Load
60 - = Spring N load
S Decadal average ]")‘ A 7\
Q, | 4to 10 year average SeX X | K A
5 40 o K W ha v yv\&\l \)2\,2)
g P N ¥ W
2 20 >4
0 ""I""I""I""I""I'"'I""I""I'"'I""I""I"'
1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004

Murphy et al. (2011)



Depth(m)
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Opposing Shifts in 50
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Associated Alterations of Seasonal Cycles

of NH, & NO,
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* NH, levels lower in recent 15 yr
compared to previous 15 yr

e NH, differences are greater in late

summer to early fall

* NO; values are lower in winter-
spring and higher in summer-fall

* NO,; differences are greater in
upper Bay end of hypoxic region

e Long-term trends reveal that 50%
of NH, decline could be explained

by NO,; increase



Long-Term Bay Trends for Lower-Layer NH, in Late Summer
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Long-Term Bay Trends for O,, NH,, & NO; in Late Summer
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e Decreasing ammonium
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e Hypoxic region of Bay

Is nitrification involved in trends?
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Box-Modeling: A Tool for Calculating and Analyzing Fluxes
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Net Production Rate (mmol N m2 d%)
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Long-Term Trends for O, Landward Transport from

Lower to Upper Bay In

_ate Summer
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Seasonal Component to
Load-Responses in Other
Estuaries
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