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Topics we will cover today: 

1)  High Resolution Mapping/Modeling. 

2)  Enhanced Monitoring of Mosquito Populations

3)  Assistance with Education and Outreach





Aedes cantator, 
brown saltmarsh 
mosquito,  WNV 
and EEE vector

iNaturalist.org



NJFloodMapper (version 3.0)
Tidal Marsh: includes Spartina patens/Distichlis spicata-dominated high marsh as separate 
category. Classified from USDA NAIP imagery.  

Marsh retreat: Models change in Marsh and Adjacent Coastal forest as of 2050



Njfloodmapper.org



A LOOK AT UPLAND SALT MARSH EDGE MIGRATION IN 
NEW JERSEY, 
Rachael Sacatelli, Jan 2020, RU MS thesis 

Study Sites

Photo by Jennifer Walker



Reedy CreekLittle Egg

Nantuxent

Cape Shore

Delmont        Fortescue

1940 and 2015 Treelines
Belleplain

Cattus Island



At what rate is the interface between salt marsh and marsh forest 
moving inland?



       Without Sandy Surge layer  With Sandy Surge layer superimposed

Note red circle denotes Area of Interest.

Example of forest dieback near Cattus Point, Barnegat Bay New Jersey showing Atlantic white cedar dominated swamps 
undergoing both longer term gradual dieback with replacement by Phragmites and an extreme dieback event related to 
the SuperStorm Sandy surge

What’s happening on the 
Marsh-Forest edge?



2010                       2013                                           2019

Coastal forest dieback precipitated by extreme storm events - Superstorm Sandy 

USDA National Agricultural Inventory Photography (NAIP)   True Color Imagery

Phragmites

Scorched Cedar Dead Cedar AW Cedar swamp

PhragmitesPhragmites

Dying Cedar & 
Phragmites

Dying Cedar 

Sampling of swamp/marsh pools collected active larvae and eDNA evidence 
of Aedes cantator and Culex salinarius
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How does one survey salt marsh mosquitoes?



For over 100 years, control of salt 
marsh mosquitoes has been the 
primary focus of NJ mosquito control

• Proactive larval control: larvae don’t bite

• Earlier (1900’s), as well as recently 
(2000’s), control included salt marsh 
modification – ditching and then OMWM

• Chemical insecticides were heavily used 
in the mid 20th century.

• Currently, across all coastal counties in NJ, 
salt marsh mosquitoes are controlled by 
application of biological larvicides, 
primarily Bacillus thuringiensis israelensis 
(Bti)



Traditionally, field monitoring relies 
on dip-netting of standing water 
looking for mosquito larvae. 

Location of “hot-spots” is passed from 
superintendent to superintendent.



But how does one find the new ”hot-spots”? 

Many urban marshlands are 
dominated by Phragmites 
(common reed)



Can we develop sampling strategies that increase 
efficiency and effectiveness and are responsive to change?

• Four summers of field campaigns were undertaken to develop and 
test approaches to detect presence and monitor shifts in the 
distribution of different species of salt marsh mosquitoes

• Sampling sites were selected in coordination with 5 different county 
mosquito control agencies.



Initially, we combed the literature and consulted 
colleagues and mosquito control professionals

• Of note, in areas with effective mosquito control programs, the 
presence of live larvae of salt marsh mosquitoes is brief (!)

• We tried to use egg and later egg-shell sampling, which have been 
used in southern salt marshes

eDNA



Aquatic eDNA 
Approach: Spatially

distributed
target eDNA

PCTE filter
0.2 µm
10 µm

Captured 
DNA

DNA extraction
(HotSHoT)

qPCR, NextGen Data
analysis

Water sample

PCTE = Polycarbonate track 
etch membrane 

We have developed 
and optimized specific 
assays for:

Aedes sollicitans
Aedes taeniorhyncus
Aedes cantator
Culex salinarius

in the rRNA ITS 1 & 2



2020 field season was targeted to test the operational efficiency of the aquatic DNA 
monitoring approach via drone-based sampling of marsh pools

-Collected pairs of samples: by hand and drone

-Brought back to CVB lab that day for filtering and subsequent qPCR analysis

50 ml collection vial 



Drone-based sampling system developed and piloted by Greg Williams of 
Hudson County Department of Health.

More videos:              https://youtu.be/whoJipYNvtU             https://youtu.be/lW7CNhuzq-c?t=244

https://youtu.be/whoJipYNvtU
https://youtu.be/lW7CNhuzq-c?t=244
https://docs.google.com/file/d/1SnZz__44sTngMm8G89Wj8pEfC2odWHvT/preview
https://docs.google.com/file/d/1jdX1QauGRhdyn7ZwMkz-orS85KH1Fhxj/preview


Education & Outreach – Kaitlin Gannon



Outreach materials for end users

• Infographic development
• For in-person and digital outreach 





Education modules for teachers

• Provide new lessons for educators related to the project
• eDNA focus
• Background info, NGSS
• Grades 6th and up



“Muddy Genes”

A    B      C



Funding provided by the NERRS Science Collaborative Program with further support from the New Jersey 
Agricultural Experiment Station

Questions & Answers



Q&A 
Q: For the SLAMM modeling, how many different data elements were run and 
approximately how long did it need to process?

● A: We were working with SLAMM model results produced by NOAA, and integrating 
them together. We worked with three different SLR scenarios using a 4-mm per year 
accretion rate to identify locations of future change. Looking at the upland areas, we 
did some of our own spatial modeling to see which areas could retreat inland impeded 
versus unimpeded. The mapping results were also integrated in the NJ Flood Mapper 
web tool. 

Q: Since Phragmites tends to have a flatter marsh surface than Spartina, I would expect 
there would be fewer/smaller puddles for mosquitoes to breed in. Have you found that to 
be the case - less eDNA in Phragmites patches?

● A: We have not looked at it in such a qualitative or quantitative way. We wouldn’t 
assume that the size of the pool would be related to the likelihood that females would 
lay eggs there. It’s not necessarily the size of the puddle; it’s more likely to be 
associated with how long the water has been there and other microbiome factors.

Q: Was color of aerials used to differentiate between alterniflora and S patens/D 
spicata zones of marsh?

● A: The NEIP data comes in a true color and a false color. The newer versions 
include a near-infrared band as well. It’s about a 1-meter scale in terms of 
resolution, normally collected leaf-on in August or early September.

Q: What do you think has been the biggest impact of the outreach and education 
materials? 

● A: These products are fairly new, but we’re hoping that it can change 
perspective of mosquitoes in and around your home, and help people think 
about these changes moving forward.

Another helpful aspect of these brochures is that they’re very informative while 
using a very minimal amount of space, and that they can be distributed digitally. 
People are often not aware of vector control agencies, and can contact their 
agencies to learn more with help from these resources. These resources 
provide readily available infographic materials for agencies and end users who 
may want to engage in outreach. 

http://www.nerrssciencecollaborative.org/resource/new-jersey-flood-mapper-web-tool


Q&A 
Do you see this research having implications for other types of salt marshes, like those in 
the South, that you mentioned are structured differently?

● A: It’s a coastwide phenomenon in terms of marshes. Each marsh has its characteristic 
vegetation types and is changing differently, but we’d also expect to see changes in 
mosquito populations as well. The overall framework, we believe, is adaptable to other 
locations. These four mosquito species we mentioned are common up and down the 
Eastern seaboard. 

Q: Does an increase in mosquito populations co-occur with other climate change events like 
harmful algal blooms or Vibrio increases?

● A: We know that mosquitoes are temperature- and water-dependent. In general insects, 
if the conditions are warmer, will develop faster and produce larger populations. There 
have also been species of mosquitoes moving north as average temperatures continue 
to increase in those regions. Saltwater mosquito species have been decreasing, 
partially from good mosquito control, but also partially because of flooded 
environments due to construction or other changes. 

Q: How are mosquito control professionals likely to make use of the methodology 
and tools developed through this project?

● A: It’s tricky because this analysis involves a molecular lab, which many 
mosquito control programs don’t have; but we do have similar testing done by 
the Department of Health. Essentially mosquito control programs can do the 
sampling and submit water samples for processing. 

We’ve had good conversations with mosquito programs that are intrigued about 
methods for finding these new locations where mosquitoes of interest are 
coming from, and there’s interest in integrating some of these methods to make 
it easier to collect samples.

Q: Where do you see the work headed next?
● A: We’re going to continue refining the models on how the marshes may change 

so we can better understand that aspect from the remote-sensing side. As we 
develop a better understanding of where mosquitoes are breeding, we can 
refine those models even more.

From a molecular perspective, we’d like to get a better understanding of DNA 
longevity. From some lab experiments, we’ve seen that saltwater helps to 
preserve DNA, but temperature destroys DNA, particularly when there are a lot 
of bacteria present. 

The interplay among marsh restoration goals, combating climate change, and 
mosquito control/public health is constantly changing, and will likely continue to 
change as we move forward. How we handle those relationships will be of 
critical importance in determining success in the region. 

The K-12 materials are new, and we’d love to get some feedback from teachers 
and get a sense for how they might like to use them.
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How long can eDNA last in marsh pools? 

● can the eDNA tool be used to determine whether a location is (or has been used) as a breeding site in the recent past? Over the 

breeding season?

● During Summer of 2020, Dina conducted a lab study with mosquitoes reared in lab and water sampled periodically over time. 

● 2019 field data may also inform this question (i.e., we followed specific pools over time, so may be determine how long a pool 

maintained a signal after a hatch event. 

What areas/locations should be targeted? 

● The future modeling and marsh-upland edge mapping suggests that the marsh-upland transition zone is and will continue to be 

a hotspot for change.  

● Mosquito commissions expressed interest identifying what species are using this area now or might start using this area in the 

future. 

More in-depth comparison of ground vs. drone eDNA water sampling

● A proof-of-concept test at selected locations to address questions related to time/cost efficiency, with-in site effectiveness (pool 

edge vs. pool middle sampling or windward vs. leeward edges of pools). 


