Synthesis of Environmental Impacts on Key Fishery Resources
in the Chesapeake Bay
Fall 2021 Seasonal Summary
Purpose
The NOAA Chesapeake Bay Oﬃce (NCBO) develops seasonal summaries of water quality parameters in
the Chesapeake Bay to provide ﬁsheries managers and the public informa on about recent
environmental condi ons, how they compare to long-term averages, and how these condi ons might
aﬀect key ﬁshery resources. The intent is to provide informa on linking changes in environmental
condi ons to eﬀects on living resources that can inform ecosystem-based management at state and
regional levels. The seasons are deﬁned as winter (December-February), spring (March-May), summer
(June-August), and fall (September-November).
The primary data sources for these seasonal summaries are the NOAA Chesapeake Bay Interpre ve Buoy
System (CBIBS) and the NOAA CoastWatch Program. CBIBS buoys are located throughout the Bay and
provide real- me water quality informa on such as water temperature and salinity (in addi on to
meteorological and other data). The NOAA CoastWatch Program uses satellite data to provide
observa ons of sea surface temperature anomalies throughout the Bay. NCBO uses these seasonal
summaries to develop an annual synthesis for inclusion in the Mid-Atlan c State of the Ecosystem
Report, which is developed by the Northeast Fisheries Science Center and presented to the Mid-Atlan c
Fishery Management Council each year.
Water Temperature
Ocean remote-sensing products from NOAA’s CoastWatch Program show that the Chesapeake Bay
experienced above-average water temperatures in fall 2021, rela ve to the previous decade, par cularly
in the upper Bay (Figure 1). Water temperature observa ons from the CBIBS buoys corroborate these
data, with warmer-than-average temperatures at the Annapolis (AN), Gooses Reef (GR), and Point
Lookout (PL) buoys, and average temperatures at the York Spit (YS) buoy in the lower Bay (Figure 2). All
buoy loca ons experienced a precipitous drop in water temperature on September 1, likely due to strong
winds and resul ng water column mixing as the remnants of Hurricane Ida passed through the
watershed.
Cooling water temperatures in fall coincide with the departure of juvenile ﬁshes from shallow nursery
habitats. Many species such as black sea bass (Centropris s striata), summer ﬂounder (Paralichthys
dentatus), and Atlan c menhaden (Brevoor a tyrannus) are des ned for coastal shelf waters.
Distribu ons of juveniles, forage ﬁshes, and their predators shi south within the Chesapeake Bay, and
ﬁsh biomass peaks (Kimura et al. 2000, Jung & Houde 2003, Buchheister et al. 2013). For instance,
resident striped bass (Morone saxa lis) move down the Bay during fall and winter months to
higher-salinity habitats (Itakura et al. 2021). Meanwhile, the migratory Chesapeake Bay striped bass
con ngent moves south along the Delmarva Peninsula during late fall. A few of these ﬁsh enter the Bay
mouth, presumably to forage, although most overwinter in coastal waters un l their spring spawning
runs (Secor et al. 2020).
Preliminary data from the Chesapeake Bay Mul species Monitoring and Assessment Program
(ChesMMAP) survey indicate that striped bass abundance was lower in fall 2021 (September and
November) compared to previous years. This observed decrease in abundance could be due to the
above-average fall temperatures, which may have delayed the down-estuary migra ons by resident
striped bass.

For other species, the above-average fall temperatures in 2021 may have contributed to increased
produc vity going into 2022, as warmer temperatures o en promote growth and development up to
species-speciﬁc temperature thresholds. Longer growth seasons are associated with increased
produc on of key species in the Chesapeake Bay including blue crabs (Callinectes sapidus), oysters
(Crassostrea virginica), bay anchovy (Anchoa mitchilli), and Atlan c menhaden (Luo et al. 1993,
Shumway 1996, Epifanio 2007, Hines 2007, Hines et al. 2010, Humphrey et al. 2014). A warm fall may
beneﬁt recruitment, growth, and survival of the young of many species in the Bay in 2021. However, it is
important to note that other environmental factors (e.g., salinity, currents, freshwater ﬂow) also aﬀect
recruitment and survival. Fall storms, for instance, can inﬂuence community structure, with intense
storms associated with higher Atlan c croaker (Micropogonias undulatus) and blue crab produc on (Pile
et al. 1996, Houde et al. 2005).
Dissolved Oxygen
The Maryland Department of Natural Resources (MDNR) 2021 Chesapeake Bay Hypoxia Report suggests
that the Bay’s hypoxic volume was above-average in fall 2021. A dissolved oxygen (DO) model operated
by the Virginia Ins tute of Marine Science (VIMS) and Anchor QEA corroborated this result. The 2021
Chesapeake Bay Dead Zone Report indicates not only an above-average hypoxic volume, but also a
rela vely long dura on of hypoxia in the Bay. The Dead Zone Report also shows a clear impact of the
remnants of Hurricane Ida on DO concentra ons and hypoxic volume in the Chesapeake Bay. On
September 1, the hypoxic volume decreased abruptly as Ida’s strong winds mixed the water column,
oxygena ng the deeper waters of the Bay. Despite this strong mixing event, the hypoxic volume
remained above the historic average for the me period, likely due to the warm fall temperatures and
high-precipita on events that contribute to water column stra ﬁca on.
Dissolved oxygen is a cri cal component of habitat for benthic organisms and ﬁnﬁshes in the Chesapeake
Bay. The smaller hypoxic volumes in June and July 2021 suggest be er environmental condi ons during a
cri cal period of juvenile produc on for key species such as black sea bass, summer ﬂounder, blue crabs,
and striped bass (Ba uk et al. 2009). The increase in hypoxic volume in the fall, however, may have been
par cularly harmful as it coincided with above-average water temperatures.
A combina on of high water temperatures and low DO concentra ons can compress habitat for ﬁshes
such as striped bass (Kraus et al. 2015, Itakura et al. 2021), because they cannot simply escape high
surface temperatures by moving to deeper, cooler waters due to reduced DO concentra ons there.
Winds and nocturnal plankton respira on can result in hypoxic inunda on of shallow-water habitats
aﬀec ng juvenile blue crabs, oysters, and juvenile ﬁnﬁshes (Breitburg 1992, Tankersley & Wieber 2000,
Porter & Breitburg 2016). Habitat squeezes can lead to higher natural mortality because organisms are
forced to move to subop mal regions of the Bay. This can put addi onal stress on organisms and may
result in reduced food availability. Sessile invertebrates (e.g., clams), which are key forage in the Bay, can
also experience higher natural mortality when the dura on and extent of the hypoxic zone increase
(Long et al. 2014). The larger volume and dura on of hypoxia in fall 2021 may have created a stressful
environment for these species, par cularly in combina on with the above-average water temperatures.
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Salinity
Observa ons from the NOAA CBIBS buoys indicate that the Chesapeake Bay experienced below-average
salinity throughout fall 2021 (Figure 3). The NOAA Na onal Weather Service (NWS) PREcipita on
Summary and Temperature Observa ons (PRESTO) reports for September and October 2021 revealed
that the low salinity was likely due to increased precipita on from several storm events in mid-late
September and late October. However, the remnants of Hurricane Ida appeared to have less of an eﬀect
on salinity than on hypoxia.
Salinity plays an important role in the survival and recruitment success of oysters in the Chesapeake Bay,
with higher salinity o en resul ng in higher juvenile oyster abundance (Kimmel et al. 2014). Summer
salinity levels are par cularly important, as summer is the peak reproduc ve season for oysters in the
Bay. Preliminary data from the MDNR Fall Oyster Survey indicate an increased spat set in Maryland in
2021, likely due to the above-average summer salini es, as predicted in the Summer 2021 Seasonal
Summary. Ini al results from the Virginia Fall Oyster Survey (VOSARA) conducted by VIMS and the
Virginia Marine Resources Commission (VMRC) indicate somewhat lower recruitment in many areas in
2021 compared to the record spat sets in 2019 and 2020; however, the 2021 spat set is s ll higher than
the long-term average. The below-average fall salini es are unlikely to have a large impact on oysters,
but it is important to note that other local environmental condi ons, such as sedimenta on and disease
prevalence, are also important factors to consider for oyster recruitment success and survival.
Freshwater Flow
River discharge data collected by the U.S. Geological Survey (USGS) corroborate the CBIBS salinity
observa ons in fall 2021. At the Harris Creek sta on, ﬂow was primarily below average throughout
September and October, except for periods in mid-late September and late October that correspond to
high-precipita on storm events as discussed above (Figure 4; USGS 01492500 Sallie Harris Creek, MD).
Flow was below average again in November due to drier-than-average condi ons, according to the NWS
Advanced Hydrologic Predic on Map.
Frequent heavy rainfall over a short period of me can signiﬁcantly decrease local salinity. A large ﬂush
of fresh water could result in an episode of high oyster mortality locally (Kimmel et al. 2014, La Peyre et
al. 2016). The low salinity in fall 2021, however, was not likely enough to impact oyster mortality or
growth in the Chesapeake Bay in a meaningful way.
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Figures

Figure 1. Sea surface temperature (SST) anomalies observed by NOAA satellites from September to
November 2021 rela ve to the average of this seasonal period from 2009 to 2020. Warmer colors
indicate above-average SSTs and cooler colors indicate below-average SSTs.
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Figure 2. Water temperature observa ons at four NOAA CBIBS buoys (Annapolis, Gooses Reef, Point Lookout, York Spit) from September to
November 2021 (blue line) rela ve to the average at each buoy over this seasonal period from 2007 to 2020 (red line). The shaded area represents
the full range of observa ons (minimum to maximum) over the me period.
Synthesis of Environmental Impacts on Key Fishery Resources in the Chesapeake Bay: Fall 2021 Seasonal Summary—5

Figure 3. Salinity observa ons at four NOAA CBIBS buoys (Annapolis, Gooses Reef, Point Lookout, York Spit) from September to November 2021 (blue
line) rela ve to the average at each buoy over this seasonal period from 2007 to 2020 (red line). The shaded area represents the full range of
observa ons (minimum to maximum) over the me period.
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Figure 4. Mean daily streamﬂow (discharge, cubic feet/second) at the USGS monitoring site in Harris
Creek, Maryland, throughout fall 2021 rela ve to the daily averages over this seasonal period from
2000 to 2020.
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These seasonal summaries are produced by the NOAA Chesapeake Bay Oﬃce with contribu ons from
NOAA Satellites, the Maryland Department of Natural Resources, the Virginia Marine Resources
Commission, Chesapeake Biological Laboratory, the Virginia Ins tute of Marine Science, and Anchor QEA.
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