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1. Introduction 
 

The Green Brook Sub Basin is located within the Raritan River Basin in north-central New Jersey in the 
counties of Middlesex, Somerset, and Union. It encompasses 13 municipalities and drains approximately 
65 square miles of primarily urban and industrialized area. These municipalities have been subjected to 
substantial flooding over the years, the most recent damaging floods of record resulted from an August 2, 
1973 storm, Tropical Storm Floyd, on September 16, 1999, and the April 15-17, 2007 Nor’easter. Eight 
deaths were attributed to these floods. The Final General Reevaluation Report (GRR) and Supplemental 
Environmental Impact Statement (SEIS), dated May 1997, recommended flood protection for the Lower 
Basin and Stony Brook Basin, and is supported by the project sponsor, the New Jersey Department of 
Environmental Protection (NJDEP). As per the recommendations of the aforementioned documents, the 
United States Army Corps of Engineers (USACE) is designing a robust flood control structure within the 
project area. In support of this design, this vernal pool investigation was performed in order to identify 
potential impacts to vernal habitat. The Green Brook Flood Risk Management Project Area has been 
divided into segments, several of which have already been constructed. 

 
This report summarizes the Phase 2 vernal pool study conducted in April through September of 2020 and 
mid-February through April 2021. The survey area was based on the preliminary vernal pool investigations 
conducted in September 2018 (Phase 1). Phase 2 consists of surveys conducted on two floodplain parcels 
referred to as Segment C5 and Segment H. 

 
A. Site Background 

 
The project area, located in Middlesex Borough and the Township of Green Brook (Figure 1), is 
an irregularly shaped, somewhat linear area encompassing the forested riparian floodplain 
surrounding the Bound Brook and Green Brook, that can be characterized as shallow, meandering 
watercourses. The project area is bordered primarily by suburban development in addition to 
Middlesex High School to the northeast. Soils of the area are typically from red parent materials 
and may be disturbed due to development over the last century. Vegetation in many areas reflects 
some level of previous disturbance, and invasive species, typical of disturbed areas, are common. 

 
Both Segments C5 and H are relatively flat with little variation in elevation; although, the slight 
ridges and shallow depressions of historic banks and water courses are visible. The only slopes of 
note are the edges of the floodplain and artificial slopes created by adjacent roads, which in some 
cases are several feet in height. The segments receive hydrologic input from several sources 
including direct precipitation, surface runoff from offsite areas, and floodplain inundation from the 
Bound Brook and Green Brook. A wetland delineation completed in 2018, identified wetlands and 
floodplains throughout the project area (Figure 2). 

 
Both Segments C-5 and H border on residential neighborhoods and contain species that may prey 
on vernal pool species. This is especially acute in Segment C5 where predatory populations, 
especially mammals, benefit from anthropogenic actions. Predatory fauna in C5 include, but are 
not limited to: snapping turtles, waterfowl, wading birds, raccoons, foxes, skunks, snakes, and 
cats. Other predators (e.g., rats etc.,) are too likely present, but have not been observed. Regarding 
cats, a feral cat colony maintained by a local group exists near the perimeter of C5 adjacent to a 
soccer field. The colony consists of approximately one dozen plastic bins that have been altered to 
provide the cats shelter; the group also feeds the cats. Domestic and feral cats are known to have 
decimated localized bird, mammal and reptile and amphibian populations (Woods, M., et. al, 2003; 
Loss et. al, 2013). 
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B. Scope of Work 

 
Phase 1 - As part of the wetland delineations, in September 2018, the survey team conducted a 
cursory evaluation within the wetland delineation survey limit for potential vernal habitat in the 
locations indicated by the NJDEP environmental resource database. These are identified as green 
circles in Figure 3 and are located in Segment C5 and Segment H of the project area. Within those 
circles approximately 33 acres of project area in Segment H and C5 were surveyed. The survey 
team concluded during the cursory evaluation that additional investigations are necessary to verify 
the presence/absence of vernal habitat at eight locations at Segment C5 and five locations at 
Segment H. Results of the initial evaluation are detailed in the October 2018 in the Green Brook 
Vernal Pool Investigation Report. 

 
Phase 2 – A scope of work was issued on April 7, 2020 to conduct a vernal habitat survey in 
accordance with the NJDEP Vernal Habitat Survey Protocols within Segment C5 at the eight 
previously identified areas. A modification to the task order was issued on June 15, 2020 to 
expand the effort to include five potential vernal habitat locations in Segment H. Furthermore, on 
July 22, 2020, a second modification to the original scope was made to expand the efforts to 
include more detailed amphibian and reptile surveys via on-site searches and use of game cameras. 
The results of the Phase 2 investigations are provided herein. 
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Figure 1: USGS Site Location 
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Figure 2: Wetlands within the Project Area 
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2. Vernal Pool Overview 
 

Vernal pools are confined wetland depressions, either natural or man-made, that hold water for at least two 
consecutive months out of the year and are devoid of breeding fish populations. These unique ecosystems 
provide habitat to many species of amphibians, insects, reptiles, plants, and other wildlife. Amphibians that 
are dependent upon vernal pools are known as "obligate vernal pool breeders." In New Jersey there are 
seven species - two frogs and five salamanders - that fit this category. Another 14 of New Jersey's 
amphibians also use vernal pools for breeding, but unlike the 'obligate' species, these species can 
successfully reproduce in habitats that contain fish. These species are known as "facultative vernal pool 
breeders." See below for a list of Obligate and Facultative Vernal Pool species including New Jersey 
protected status (e.g., endangered, threatened, etc.). 

 
Obligate Vernal Pool Breeding Amphibians: 

• Eastern tiger salamander (Ambystoma t. tigrinum) Endangered 
• Marbled salamander (A. opacum) Special Concern 
• Spotted salamander (A. maculatum) 
• Jefferson salamander (A. jeffersonianum) Special Concern 
• Blue-spotted salamander (A. laterale) Endangered 
• Wood frog (Rana sylvatica) 
• Eastern spadefoot toad (Scaphiopus holbrookii) 

 
Facultative Vernal Pool Breeding Amphibians: 

• Green frog (Rana clamitans melanota) 
• Bullfrog (R. catesbiana) 
• Pickerel frog (R. palustris) 
• Southern leopard frog (R. utricularia) 
• Carpenter frog (R.virgatipes) Special Concern 
• Northern cricket frog (Acris crepitans) 
• Northern spring peeper (Psuedacris crucifer) 
• New Jersey chorus frog (P. triseriata kalmii) 
• Upland chorus frog (P. triseriata ferarium) 
• Northern gray treefrog (Hyla versicolor) 
• Southern gray treefrog (H. chrysocelis) Endangered 
• Pine Barrens treefrog (H. andersonii) Threatened 
• Four-toed salamander (Hemidactylium scutatum) 
• Long-tailed salamander (Eurycea l. longicauda) Threatened 
• American toad (Bufo americanus) 
• Fowler's Toad (B. fowlerii) Special Concern 

 
In addition to amphibians, there are several reptiles that inhabit vernal pools on a seasonal basis, primarily 
to eat the eggs and larvae of amphibians: 

 
• Wood turtle (Glyptemys insculpta) Threatened 
• Spotted turtle (Clemmys guttata) Special Concern 
• Mud turtle (Kinosternon subrubrum) 
• Eastern painted turtle (Chrysemys picta picta) 
• Common snapping turtle (Chelydra serpentina serpentina) 



Contract Number: W912DS-18-D-0006: IDC 212 
Green Brook Flood Risk Management Project 
Vernal Pool Investigation – Phase 2 

[October 2021] 8 

 

 

NJDEP Division of Land Use Regulation (DLUR) has developed Freshwater Wetlands Vernal Habitat 
Survey Protocol (Attachment A). Potential vernal pool habitat is evaluated to determine whether they 
meet the following four determining criteria: 

 
1. Occurs in a confined basin depression without a permanent flowing outlet: 

 
2. Features evidence of breeding by one or more species of fauna adapted to 
reproduce in ephemeral aquatic conditions: 

 
3. Maintains ponded water for at least two continuous months between March and 
September of a normal rainfall year; and 

 
4. Is free of fish throughout the year or dries up at some time during the year. 1 

 

3. Survey Methods 
 

During the first week of the survey, a team of two scientists visited the previously identified eight potential 
vernal pool locations in the Phase 1 survey. The team also identified an additional four more potential 
vernal pool locations, in Segment C5. Together, these twelve locations were surveyed weekly from the end 
of April in 2020 through the end of September and mid-February through April 2021. The locations of 
each pool are presented in Figures 4, 4A, and 4B. 

 
In Segment H, a total of five locations were surveyed weekly from late-June through the end of September 
in 2020 and mid-February through April 2021. See Figures 4 and 4C for survey locations. 

 
The survey methodology initially consisted of techniques recommended in the NJDEP DLUR Freshwater 
Wetlands Vernal Habitat Protocol. However, adaptations to the survey methodology were made when it 
was determined that unusually hot and dry conditions2 could be impacting survey results. Modifications 
consisted of the following activities: 

 
• Intensive transect searches; 
• Meandering searches between standard pool observations; 
• Nocturnal survey component including audio observations, spot-light searches, and night vision 

observations; and 
 
 

1 As per 7:7A-1.3 it is stated that vernal pools are: “Is free of reproducing fish populations throughout the year or 
dries up at some time during a normal rainfall year”. For this report, vernal pools were considered as pools free of 
fish, due to the fact that the only observation of fish occurred immediately after periods of extreme hydrology and 
no fish eggs, larvae and/or young-of-year fish were observed. Also, in 2020 all pools dried up; thus, precluding the 
long-term habitation of fish in the project area. 

 
2 It should be noted that each spring month in 2020 realized below-normal precipitation, resulting in the 2020 
seasonal total of 10.10 inches being 1.99 inches below normal (Robinson, 2020a). Then New Jersey experienced its 
second-hottest summer on record. The 75.3-degree average was 2.9 degrees above the 1981–2010 normal. 
Additionally, July was the hottest month ever recorded in New Jersey; 3.2 degrees above normal. Rainfall averaged 
15.93 inches across New Jersey during the June–August interval. This is 3.25 inches above average and ranked 26th 
wettest of the past 126 summers (Robinson, 2020b). 
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• Deployment of game cameras. 
 

A summary of each survey method is described below. 
 

A. Standard Pool Observations 
 

Qualified scientists walked the perimeter of the potential vernal habitat area to confirm the absence of an 
inlet or outlet. Visual and auditory observations were made to identify presence of obligate or facultative 
species individuals, larvae, egg masses, or a breeding chorus. The area was visually scanned for the 
presence of any fish species and dip nets were used to determine the presence of amphibian larvae, fish, 
and aquatic insects. Notes and photos were taken to document pool characteristics and identify visual and 
audible species including audible “plops”. 

 
B. Intensive Transect and Modified Meandering Herp Search 

 
On June 10th, a team of two scientists traversed transects established in Segments C5 and H and nearby 
riparian and upland areas. Approximate transect locations are shown in Figure 5. The field team rolled 
logs and searched vegetation and woody debris for a period of approximately eight hours documenting 
amphibians and reptiles uncovered. The field team was careful to return logs and debris to its original 
position. Following the intensive search, modified meandering searches were conducted between standard 
pool observations while traversing the site during surveys conducted in mid-June through July, 2020. 

 
C. Nocturnal Survey 

 
The nocturnal survey component followed the standard pool observations and commenced after sunset. 
During the surveys, scientists conducted audio observations, spot-light searches, and utilized night vision 
monocles to identify vernal pool species. The team of two scientists selected two locations at Segment C5 
and one location at Segment H adjacent to previously identified potential vernal pools (Figure 5). The 
locations were selected as they were deemed to have the highest likelihood of vernal pool species presence 
and could be accessed safely during nighttime. The team would sit quietly for a minimum of 20 up to 60 
minutes at each location listening for audio observations and intermittently using a spot-light and night 
vision monocle to search the area. When using the spotlight, the scientists rotated 360 degrees. 

 
D. Game Camera Deployment 

 
Scientist additionally installed two game cameras at each Segment within or directly adjacent to previously 
identified potential vernal pool locations from mid-July through September 2020 to augment the on-site 
amphibian and reptile searches (Figure 5). 

 
Table 3-1: Survey Schedule 

 
 

Survey Date 
Standard 

Pool 
Observations 

Intensive 
Transect 
Search 

Modified 
Meandering 

Search 

 
Nocturnal Survey Game Camera 

Deployment 

April 28, 2020 C5 - - - - 
May 3, 2020 C5 - - - - 
May 9, 2020 C5 - - - - 
May 15, 2020 C5 - - - - 
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Survey Date 

Standard 
Pool 

Observations 

Intensive 
Transect 
Search 

Modified 
Meandering 

Search 

 
Nocturnal Survey Game Camera 

Deployment 

May 22, 2020 C5 - - - - 
May 30, 2020 C5 - - - - 
June 7, 2020 C5 - - - - 
June 10, 2020 - C5, H - - - 
June 13, 2020 C5 - C5, H - - 
June 21, 2020 C5, H - C5, H - - 
June 28, 2020 C5, H - C5, H - - 
July 6, 2020 C5, H - C5, H - - 
July 14, 2020 C5, H - C5, H - - 
July 21, 2020 C5, H - C5, H C5-1, C5-7, H3 C5, H 
July 27, 2020 C5, H - C5, H C5-1, C5-7, H3 C5, H 
August 2, 2020 - - - C5-1, C5-7, H3 C5, H 
August 10, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
August 17, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
August 25, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
September 2, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
September 9, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
September 16, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
September 24, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
September 30, 2020 C5, H - - C5-1, C5-7, H3 C5, H 
February 25, 2021 C5, H - C5, H - C5, H 
March 3, 2021 C5, H - C5, H C5-1, C5-7, H3 C5, H 
March 11, 2021 C5, H - C5, H C5-1, C5-7, H3 C5, H 
March 21, 2021 C5, H - C5, H C5-1, C5-4, C5-7, H3 C5, H 

March 25, 2021 C5, H - C5, H C5-2, C5-4, C5-7, H1, 
H2, H3 

C5, H 

March 30, 2021 C5, H - C5, H C5-2, C5-7, H1, H2, H3 C5, H 

April 10, 2021 C5, H - C5, H C5-1, C5-4, C5-2, C5-7, 
H2, H3 

C5, H 

April 16, 2021 C5, H - C5, H C5-1, C5-7, H1, H2, H3 C5, H 
April 18, 2021 C5, H - C5, H - C5, H 
April 22, 2021 C5, H - C5, H C5-4, C5-7, H3 C5, H 
April 30, 2021 C5, H - C5, H C5-1, C5-4, C5-7, H3 C5, H 
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Figure 4 Potential Vernal Pool Habitat 
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Figure 4A Potential Vernal Pool Habitat within the Segment C5 Project Area 
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Figure 4B Potential Vernal Pools Within the Segment C5 Project Area
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Figure 4C Potential Vernal Pool Habitat within the Segment H Project Area
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Figure 5 Transects and Observation Points Within the Study Area  
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4. Results 
 

The following provides results from vernal habitat investigations conducted from the end of April through 
the end of September 2020 and mid-February 2021 through April 2021. 

 
A. Standard Pool Observations 

 
Observations confirmed that each of the potential pools were confined basins without permanently flowing 
outlets. However, due to the nature of the floodplain at Segment C5, following overtopping of the Bound 
Brook’s banks during periods of heavy precipitation, several of the pools were interconnected during 
periods of high water. Table 4-1 provides the dimensions at full capacity as recorded for each pool. The 
water level was recorded at each visit to determine how long the pools maintained ponded water (see 
Tables 4-2 and 4-2a). It was determined that all but pools C5-8, C5-11, C5-12, H1 and H4 maintained 
ponded water for a period of at least two months during the survey period. Additionally, fish were 
recorded at seven of 12 pools in Segment C5. However, this occurred following isolated overtopping 
events and was attributed to flooding and not due to reproduction in the pools. It was also determined that 
each of the pools dried completely during the course of the survey. One obligate vernal pool breeding 
amphibian (wood frog) was documented visually and/or audibly at pool C5-4 on several occasions (3/11, 
3/21, and 3/25). One facultative vernal pool amphibian, the green frog, was documented visually and/or by  
a  call at pools C5-1, 2, 3, 4, 5, 6, 7, H1, H2, and H3. Additionally, facultative reptiles including the 
snapping turtle (C5-2, 6, 7, and 9) and painted turtle (C5-9) were documented. Vernal pool invertebrates 
were also recorded including mosquito larvae, aquatic beetles, dragonfly larvae, and aquatic worms. 

 
Photos are provided as Attachment B and data sheets are provided as Attachment C. Tables 4-3 and 4- 
3a provide the combine results of obligate and facultative herpetofauna observations from various 
methodologies and Table 4-4 summarizes the criteria met for each of the potential pools. 

 
Table 4-1 Pool Dimensions at Full Capacity 

 
Pool ID Dimensions at Full Capacity 

C5-1 9 meters by 5 meters 
C5-2 25 meters by 6 meters 
C5-3 1.5 meters by 2.5 meters 
C5-4 20 meters by 3 meters 
C5-5 10 meters by 10 meters 
C5-6 10 meters by 10 meters 
C5-7 100 meters by 25 meters 
C5-8 25 meters by 25 meters 
C5-9 75 meters by 10 meters 
C5-10 5 meters by 2 meters 
C5-11 50 meters by 7 meters 
C5-12 5 meters by 3 meters 
H1 20 meters by 10 meters 
H2 60 meters by 15 meters 
H3 10 meters by 10 meters 
H4 10 meters by 4 meters 
H5 8 meters by 3 meters 
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Table 4-2 Observed Weekly Water Level Percent Capacity 2020 
 

Pool 
ID 4/28/20 5/3/20 5/9/20 5/15/20 5/22/20 5/30/20 6/7/20 6/13/20 6/21/20 6/28/20 7/6/20 7/14/20 7/21/20 7/27/20 8/2/20 8/10/20 8/17/20 8/25/20 9/2/20 9/9/20 9/16/20 9/24/20 9/30/20 

C5-1 Full Full <50 >50 Dry Full Full Dry Dry Dry Dry Full >50 Full <50 Full >50 <50 Dry Dry Dry Dry Full 
C5-2 >50 <50 <50 Dry Dry <50 >50 Dry Dry Dry Dry Full Dry Full  >50 <50 Dry Dry Dry Dry Dry Full 
C5-3 Full Full >50 >50 <50 <50 Full <50 <50 <50 Dry Full <50 >50  >50 <50 <50 <50 Dry <50 Dry Full 
C5-4 Full >50 <50 <50 Dry Full >50 Dry Dry Dry Dry Full <40 Full  <50 >50 <50 Dry Dry Dry Dry Full 
C5-5 <50 >50 <50 Dry Dry Dry >50 Dry Dry Dry Dry >50 Dry <50  <50 Dry Dry Dry Dry Dry Dry Full 
C5-6 >50 >50 <50 >50 Dry >50 Full Dry Dry Dry Dry >50 Dry >50  >50 >50 Dry Dry Dry Dry Dry Full 
C5-7 >50 >50 <50 <50 Dry <50 >50 Dry Dry Dry Dry >50 Dry >50 <50 >50 >50 Dry Dry Dry Dry Dry Full 
C5-8 >50 <50 <50 Dry Dry Dry <50 Dry Dry Dry Dry Full Dry Full  >50 Dry Dry Dry Dry Dry Dry Full 
C5-9 >50 >50 <50 Dry Dry <50 Full Dry Dry Dry Dry >50 Dry >50  >50 >50 Dry Dry Dry <50 Dry Full 
C5-10 Full >10 <50 Dry Dry <50 Full Dry Dry Dry Dry Full Dry >50  <50 >50 Dry Dry Dry Dry Dry Full 
C5-11 >50 <50 Dry Dry Dry Dry Dry Dry Dry Dry Dry Full Dry Dry  Dry >50 Dry Dry Dry Dry Dry Dry 
C5-12 >50 >50 Dry Dry Dry Dry Full Dry Dry Dry Dry >50 Dry Dry  Dry >50 Dry Dry Dry Dry Dry Full 
H1         Dry Dry Dry Dry  Dry  Dry Dry Dry Dry Dry Dry Dry Dry 
H2         Dry Dry Dry Dry  Dry  Dry Dry Dry Dry Dry Dry Dry Dry 
H3         Dry Dry Dry Dry  Dry  Dry Dry Dry Dry Dry Dry Dry Dry 
H4         Dry Dry Dry Dry  Dry  Dry Dry Dry Dry Dry Dry Dry Dry 
H5         Dry Dry Dry Dry  Dry  Dry Dry Dry Dry Dry Dry Dry Dry 
Notes: Gray shading indicates surveys not conducted at these locations. 

 
Table 4-2a Observed Weekly Water Level Percent Capacity 2021 

Pool ID 2/25/21 3/3/21 3/11/21 3/21/21 3/25/21 3/30/21 4/10/21 4/16/21 4/18/21 4/22/21 4/30/21 
C5-1 Full Full Full >50 Full >50 <50 Full >50 <50 <50 
C5-2 Full Full Full <50 >50 Full <50 Full <50 <50 Dry 
C5-3 Full Full Full Full Full Full <50 Full >50 <50 <50 
C5-4 Full Full Full >50 Full >50 >50 Full >50 <50 <50 
C5-5 Full Full Full <50 Full >50 <50 Full >50 <50 Dry 
C5-6 Full Full Full >50 Full >50 >50 Full >50 <50 <50 
C5-7 Full Full Full >50 Full >50 <50 Full >50 <50 <50 
C5-8 Full Full Full <50 Full Full <50 <50 Dry Dry Dry 
C5-9 Full Full Full >50 Full >50 <50 Full <50 <50 <50 
C5-10 Full Full Full >50 Full Full <50 Full >50 <50 Dry 
C5-11 Full Full Full <50 Full >50 Dry >50 <50 Dry Dry 
C5-12 Full Full Dry <50 Full >50 Dry Dry Dry Dry Dry 
H1 Full >50 Dry Dry <50 <50 Dry Dry Dry Dry Dry 
H2 Full >50 Full >50 >50 >50 Full Full Full <50 Dry 
H3 Full Full Full <50 >50 <50 >50 Full >50 <50 <50 
H4 Full Full <Full <50 Full >50 Dry Full <50 Dry Dry 
H5 Full <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 
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Table 4-3 Obligate or Facultative Vernal Pool Herpetofauna Observations - 2020 
 

Pool 
ID 4/28/20 5/3/20 5/9/20 5/15/20 5/22/20 5/30/20 6/7/20 6/13/20 6/21/20 6/28/20 7/6/20 7/14/20 7/21/20 7/27/20 8/2/20 8/10/20 8/17/20 8/25/20 9/2/20 9/9/20 9/16/20 9/24/20 9/30/20 

C5-1 - - - - - F (R. c. 
m.) 

- - - - - - - - F (R. c. 
m.) 

- F (R. c. 
m.) 

- - - - - - 

C5-2 - - - - - - - - - - - F (R. c. 
m.) 

- - - - - - - - - - F 
(C. s. s.) 

C5-3 - - - F (R. c. 
m) 

- - - - - - - - - - - - - - - - - - - 

C5-4 - - - - - - - - - - - - - F (R. c. m.) - F (R. c. m.) - - - - - - - 
C5-5 - - - - - - - - - - - - - - - F (R. c. m.) - - - - - - - 

C5-6 - - - F (R. c. 
m) 

- - - - - - - F (R. c. 
m.) 

- - - F (R. c. m.) - - - - - - - 

C5-7 - F (C. s. s.) - F (C. s. s) - - - - - - - F (R. c. 
m.) 

- F (R. c. m.) F (R. c. 
m.) 

F (R. c. m.) F (R. c. 
m.) 

- - - - - - 

C5-8 - - - - - - - - - - - - - - - - - - - - - - - 
C5-9 - F (C. p. p.) - - - - - - - - - - - F (C. s. s.) - - - - - - - - - 
C5-10 - - - - - - - - - - - - - - - - - - - - - - - 
C5-11 - - - - - - - - - - - - - - - - - - - - - - - 
C5-12 - - - - - - - - - - - - - - - - - - - - - - - 
H1         - - - -  - - - - - - - - - - 
H2         - - - -  - - - - - - - - - - 
H3         - - - -  - - - - - - - - - - 
H4         - - - -  - - - - - - - - - - 
H5         - - - -  - - - - - - - - - - 
Notes: Gray shading indicates surveys not conducted at these locations. 
(-) Indicates no obligate or facultative species observed. 
F = Facultative 
(R.c.m.) - Rana clamitans melanota – Green frog 
(C.s.s.) - Chelydra serpentina serpentina – Common snapping turtle 
(C.p.p.) - Chrysemys picta picta – Eastern painted turtle 
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Table 4-3a Obligate or Facultative Vernal Pool Herpetofauna Observations - 2021 

 
Pool 
ID 2/25/21 3/3/21 3/11/21 3/21/21 3/25/21 3/30/21 4/10/21 4/16/21 4/18/21 4/22/21 4/30/21 

C5-1 - - - - - - - - - - - 
C5-2 - - - - - - - - - - - 
C5-3 - - - - - - - - - - - 
C5-4 - - O (R.s.) O (R.s.) O (R.s.) - O (R.s.) - - - - 
C5-5 - - - - - - - - - - - 

C5-6 - - - - F 
(C. s. s.) 

- F 
(C. s. s.) 

- - - F 
(C. s. s.) 

C5-7 - - - - - F 
(C. s. s.) 

F 
(C. s. s.) 

- - - - 

C5-8 - - - - - - - - - - - 

C5-9 - - - - - - F 
(C. s. s.) 

- - - - 

C5-10 - - - - - - - - - - - 
C5-11 - - - - - - - - - - - 
C5-12 - - - - - - - - - - - 

H1 - - - - F 
(R.c.m.) 

- - - - - - 

H2 - - - - - - F 
(R.c.m.) 

- F 
(R.c.m.) 

- - 

H3 - - - - - - F 
(R.c.m.) 

- - - - 

H4 - - - - - - - - - - - 
H5 - - - - - - - - - - - 
Notes: 
(-) Indicates no obligate or facultative species observed. 
O = Obligate 
F = Facultative 
(R.c.m.) - Rana clamitans melanota – Green frog 
(C.s.s.) - Chelydra serpentina serpentina – Common snapping turtle 
(R.s.) - Rana sylvatica – Wood frog 

 
Table 4-4 Summary of Vernal Pool Criteria 

 
 
 

Pool ID 

Confined Basin 
without 

Permanent 
Flowing Outlet 

Evidence of 
Breeding by 

Obligate 
Species 

Maintains 
Ponded Water 

for At Least Two 
Continuous 

Months 

 
Is Free of Fish Throughout the Year / 

Dries Up at Some Time During the 
Year 

C5-1 Yes No Yes No/Yes 
C5-2 Yes No Yes No/Yes 
C5-3 Yes No Yes No/Yes 
C5-4 Yes Yes* Yes Yes/Yes 
C5-5 Yes No Yes Yes/Yes 
C5-6 Yes No Yes No/Yes 
C5-7 Yes No Yes No/Yes 
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C5-8 Yes No No No/Yes 
C5-9 Yes No Yes No/Yes 
C5-10 Yes No Yes Yes/Yes 
C5-11 Yes No No Yes/Yes 
C5-12 Yes No No Yes/Yes 
H1 Yes No No Yes/Yes 
H2 Yes No Yes Yes/Yes 
H3 Yes No Yes Yes/Yes 
H4 Yes No No Yes/Yes 
H5 Yes No Yes Yes/Yes 
Notes: * Several wood frogs were observed and heard calling. 

 

B. Intensive Transect and Modified Meandering Herp Search 
 

On June 10th, 2020 a team of two scientists walked transects within Segments C5 and H in wetland and 
adjacent upland and riparian forest. Whilst traversing the transects the scientists rolled logs, debris and 
searched vegetation to document the presence of vernal species. One unidentified toad, a box turtle, and a 
garter snake were the extent of the herptiles recorded during the effort. Additional, meandering searches 
were conducted while transiting pools during standard pool observations during mid-June through July 
2020 and mid-February through April 2021. No additional herpetofauna were documented during these 
efforts. These searches were not concluded in August through September 2020 as the scientists determined 
that due to the density of vegetation and the physical efforts required to traverse through the site, many of 
the cryptic species likely would flee unnoticed before the scientist could visualize them in the densely 
vegetated areas that surrounded the pools. 

 
C. Nocturnal Survey 

 
Nocturnal surveys were conducted weekly July 21st through September 30th, 2020 adjacent to pools C5-1, 
C5-7, and H3 and from February 25th through April 30th, 2021 adjacent to C5-1, C5-2, C5-4, C5-7, H1, H2, 
and H3. A summary of observations are as follows: 

 
• In 2020, Green frog vocalizations were documented August 2nd, 25th, and September 30th at C5-1. 

Green frog vocalizations were also documented on August 2nd and 25th at C5-7. No other vocalizations 
or evidence of herpetofauna usage was recorded during the nocturnal surveys. 

 
• In 2021, wood frog vocalizations were documented March 21st and March 25th at pool C5-4. The 

field team captured, photographed and released one wood frog during the nocturnal spotlight search at 
C5-4 on March 25th. Additionally, on April 10th one wood frog was observed during nocturnal survey 
spotlight search at C5-4. One green frog was documented in the vicinity of H1 on March 25th and 
several green frogs (at least 5) were documented at H2 and one green frog at H3 during the April 10th 
nocturnal survey. 
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D. Game Camera Deployment 
 

Four game cameras were installed from mid-July through September 2020 and mid-February through the 
end of April 2021 at pool locations in Segment C5 and Segment H to augment the amphibian and reptile 
search efforts. A total of 2,641 images in 2020 and 1,512 images in 2021 were recorded. No amphibians or 
reptiles were recorded by the camera traps at either segment. Species that were captured included white- 
tailed deer, raccoon, red fox, eastern gray squirrel, opossum, eastern cottontail, groundhog, and various 
bird species. 

 
E. Observed Obligate Species And Facultative Species 

 
1. Obligate Species – Wood Frogs 

 
Wood frogs were observed in one pool (C5-4) on three occasions. Sing males were audibly observed on 
two consecutive studies in late March. 

 
Wood frogs inhabit a wide variety of habitats in North America varying from thickets to wet meadows and 
bogs to both coniferous and deciduous forests (Redmer and Trauth, 2005). In New Jersey they are found 
throughout the state; although, they are uncommon in the core of the Pinelands (NJDEP, 2002). 

 
Wood frogs breed in fish-free permanent or semi-permanent bodies of water. Wood frogs breed early, 
often arriving just as ponds become free of ice; in fact, snow may still be present (Waldman 1982 as cited 
in Muths et. al, 2005). Breeding periods for wood frogs have been observed to occur for only one to two 
weeks (Hammerson 1999 and Stebbins, 1985 as cited in Muths et. al, 2005).   Wood frogs will migrate 
from their primary habitat to breed as the species often seeks out terrestrial locations with ample cover to 
hibernate. Forests used by wood frogs for hibernation are characterized by fallen trees, branches, roots, 
mucky depressions from uprooted trees, leaf litter, and/or herbaceous understory (Bellis 1961a, Bagdonas 
1968, Roberts and Lewin 1979 as cited in Muths et. al, 2005). 

 
The hibernation locations may or may not be near a breeding pond (Redmer and Trauth, 2005); however, 
as reported in Berven and Grudzien (1990), wood frogs observed had a high incidence of site fidelity, with 
82 percent of adults breeding in their natal pond, and breeding adults were 100 percent faithful to the pond 
in which they first bred. 

 
Adult wood frogs have many predators including larger frogs, garter snakes, ribbon snakes, water snakes, 
herons, raccoons, skunks, and mink. Tadpoles are preyed upon by diving beetles, water bugs, and 
Ambystoma salamander larvae. Leeches, eastern newts, and aquatic insects may eat wood frog eggs 
(Redmer and Trauth, 2005). 
 
As identified earlier, the wood frogs’ breeding season is a short period of time, generally shortly after 
ponds become suitable for breeding. This would be consistent with the climatic conditions experienced in 
northern New Jersey during the winter of 2021. The lack of observations of the species at other times 
of the year, could be explained that the wood frog migrated to nearby wooded areas and was not present in 
vernal pool search areas. The audible observation of breeding males would suggest that breeding occurred 
in Pool C5-4; however, no proximal cause is evident for the lack of observations of egg masses (assuming 
egg laying occurred in the pool). One suggestion is the number of predators present in the Segment C-5 
project area. As identified earlier, numerous predators were observed in Segment C-5; moreover, these 
predator populations are likely inflated due to anthropogenic influences. 
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2. Facultative Species – Green Frog, Painted Turtle, and Snapping Turtle 
 

Facultative species were observed sporadically in Segments C-5 and H. Facultative species sightings 
corresponded to when pools held water and/or were ice free. No facultative species were recorded in Pools 
C5-8, C5-10, C5-11, C5-12 and H-4 and H5. 

 
The study did not record any observations of mating or breeding of facultative species (e.g., courtship, egg 
masses, pregnant females with eggs, hatchlings or tadpoles). This could suggest breeding occurs outside of 
the pools and that the pools are part of a larger home range and not used for facultative species breeding. 

 

5. Conclusions 
 

Vernal pools investigations were conducted from May through September 2020 and mid-February 
through April 2021 in segments C5 and H.   The surveys were conducted in accordance with the 
NJDEP Freshwater Wetlands Vernal Habitat Survey Protocol. In addition, the protocols survey 
methods were supplemented with additional efforts, namely game cameras, nocturnal surveys, and 
adjacent area searches. 

 
Per the NJDEP’s vernal pool criteria (identified in Chapter 2) only one pool (C5-4) meets the NJDEP 
protocols. The pool is in a confined basin with no outflow, the pool was documented to dry up during 
the year, maintained water for two consecutive months, and an obligate species, the wood frog, had 
two or more individuals engaged in a breeding chorus (continuous calling) on two nights in March 
2021. Therefore, per the NJDEP protocols Pool 4 would qualify as a vernal pool as a breeding chorus 
of an obligate species was observed on two occasions in March.  

 
 

6. Post Survey Coordination With NJDEP 
 

 
At the conclusion of the survey in Spring of 2021 the results were presented to the NJDEP. On 
September 14, 2021, a meeting was held between the USACE and the NJDEP to discuss the survey’s 
results. In that meeting (see Attachment D for meeting notes), the NJDEP did confirm that only pool 
C5-4 would be considered as a confirmed vernal pool. The NJDEP did also indicate that compensatory 
mitigation at a 2:1 ratio will be required for any direct or indirect impacts; moreover, on site mitigation 
is preferable. Pools C5-10, 11 and 12 were not observed to hold fish in either 2020 or 2021 so these 
areas could potentially serve as a compensatory mitigation location through enhancement (e.g., 
topographical modifications, installation of artificial cover, etc.). The selection of mitigation areas 
whether on site and/or in nearby locations would be subject to future hydrologic and field 
investigations. 
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7. Qualifications of Preparers 
 

John Rollino MS, MA, BA, of AECOM, has over 25 years of experience performing hundreds of 
wetland delineations, vernal pool surveys, and ecological investigations. Mr. Rollino has performed 
wetland delineations, vernal pool surveys, and other ecological investigations throughout the state of 
New Jersey, along the east coast of the U.S., in the Caribbean, and in the South Pacific Islands. He has 
conducted wetland delineations in a variety of habitats and locations that range from rare habitats to 
Superfund Sites and urban areas where contamination and soil disturbance require the wetlands to be 
delineated under the “atypical conditions” method. Relevant to this project, Mr. Rollino has conducted 
many ecological investigations and habitat restoration efforts in the Raritan River Valley with areas 
dominated by red parent material. In fact, Mr. Rollino served as the project manager for the wetland 
delineations of Segments C1-C5, QA/QC officer for the wetland delineations for Segments C6 and C7, 
and the initial vernal pool surveys in 2018. Mr. Rollino is also a certified wetland delineator in the 
state of Minnesota, Certified Ecologist, and is a Certified Arborist. Mr. Rollino also routinely prepares 
habitat restoration and wetland mitigation plans. 

 
Melissa Zentai BS, PWS of AECOM, has 15+ years of experience performing wetland and wildlife 
assessments primarily in New Jersey, New York, and Pennsylvania. Ms. Zentai has experience 
conducting environmental surveys and preparing environmental assessments and permit applications. 
Ms. Zentai has conducted, designed, and managed numerous field studies including wildlife studies, 
wetland delineations, wetland mitigation monitoring, threatened and endangered species 
investigations, and vegetation surveys. Ms. Zentai is a certified Professional Wetland Scientist 
recognized by the Society of Wetland Scientists. Ms. Zentai also performed wetland delineations in 
Segments C1-C7, D, and H of the Greenbrook Flood Control Project and has a strong knowledge of 
the project area. 

 
Steven Glenn BS, of AECOM, is an accomplished botanist with over 25 years performing botanical 
field studies, wetland delineations and vernal pool surveys, and environmental oversight/inspections in 
the eastern United States. Prior to joining AECOM, Mr. Glenn worked as a Research Associate for the 
Science Department at the Brooklyn Botanic Garden (BBG) in New York City.   At the BBG, he 
served as a Project Manager of the New York Metropolitan Flora Project where he was a lead field 
botanist, database manager, and web site content generator for the regional floristic survey that 
encompassed over 7,600 square miles in the New York, New Jersey, and Connecticut tristate area. His 
expertise includes field botany, invasive plant species, regional floristics, and oversight of 
environmental projects. Mr. Glenn also performed wetland delineations in Segments C1-C7, D, and H 
of the Greenbrook flood control project and has a strong knowledge of the project area. 

 
Jennifer Reed BS, of AECOM, has 12 years of experience performing wildlife assessments and 
wetland surveys primarily in New Jersey and New York. Ms. Reed has participated in threatened and 
endangered species investigations, marine surveys, wetland delineations, and vegetation surveys. Ms. 
Reed assisted in conducting the initial vernal pool project survey in 2018. 

 
Justin Keil BS, of AECOM, is a junior biologist with experience in endangered species surveys, avian 
surveys, wetland delineations, cultural resource surveys, and vegetation management. He is familiar 
with floral and faunal identification (including birds) and threatened/ endangered species, as well as 
data collection and analysis. 
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Land Use Regulation Program 
Freshwater Wetlands Vernal Habitat Protocol 

(updated: 05/17/02) 

Purpose: ......................................................................................................................................1 

Item 1: "Occurs in a confined basin depression without a permanent flowing outlet" ......... 2 
Item 2: "Features evidence of breeding by one or more species of fauna adapted to 
reproduce in ephemeral aquatic conditions"....................................................................... 2 
Item 3: "Maintains ponded water for at least two continuous months between March and 
September of a normal rainfall year" .................................................................................. 2 
Item 4: "Is free of fish throughout the year, or dries up at some time during the year" ....... 3 

Required Field Observations for Certifying a Vernal Habitat .................................................. 3 
Documenting The Location Of A Vernal Habitat..................................................................... 4 
Use Of This Protocol In The Freshwater Wetlands Permit Program: ..................................... 5 

Purpose: 
This protocol will be used by the Land Use Regulation Program to 

determine whether an area meets the definition of a "vernal habitat" in 
N.J.A.C. 7:7A-1.4.  If the application of this protocol results in a 
Department determination that an area meets the definition of a vernal 
habitat, the area will be placed on the list of certified vernal habitats, 
maintained by the Department.  The Department will also develop digital 
mapping to show the locations of certified vernal habitats.  

 
The definition of a vernal habitat includes four criteria that must be satisfied.  

Item 1 requires that the area occur in a confined basin depression without a 
permanently flowing outlet. Item 2 requires the documentation of obligate or 
facultative vernal habitat species (these species are identified in N.J.A.C. 7:7A, 
Appendix 1). Item 3 requires that the area maintain ponded water for at least two 
continuous months between March and September of a normal rainfall year.  Item 4 
requires that the area is free of fish populations throughout the year, or dries up at 
some time during a normal rainfall year.  The elements required to satisfy each item 
are discussed below.  
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Item 1: "Occurs in a confined basin depression without a permanent flowing 
outlet" 

The area must be a depression in the surrounding ground, confined by areas 
of higher upland or wetland ground.  It must not have a permanently flowing outlet 
but may have a periodic outlet through which water flows during periods of heavy 
rain events, flooding or seasonally high water tables.  

 

Item 2: "Features evidence of breeding by one or more species of fauna 
adapted to reproduce in ephemeral aquatic conditions" 

The area must feature evidence of breeding by vernal habitat species.  
These species are listed in N.J.A.C. 7:7A, Appendix 1, and are divided into obligate 
and facultative species.  An obligate vernal habitat species is one for which vernal 
habitats are the only type of habitat used for breeding.  A facultative species will 
use vernal habitat for various activities, for example breeding or foraging, but can 
also use other types of habitats.  
 
Obligate species: For the purposes of item 2 of the definition of vernal habitat, the 
following will constitute evidence of breeding by a species listed as an obligate 
species at N.J.A.C. 7:7A, Appendix 1: 
a. The following types of evidence of breeding adults:  

i. Frog breeding chorus; 
ii. Mated pairs of frogs; 
iii. Salamander courting individuals; and/or 
iv. Salamander spermatophores; 

b. Two or more egg masses of any obligate species; 
c. Frog tadpoles; 
d. Mole salamander larvae; and/or 
e. The following types of evidence of transforming juveniles: 

i. Wood frogs with tail stubs evident; and/or 
ii. Salamanders with gill remnants evident. 

 
Facultative species: For the purposes of item 2 of the definition of vernal habitat, 
evidence of the presence of one or more members of the species within the area of 
the habitat listed as facultative species at N.J.A.C. 7:7A, Appendix 1 shall constitute 
evidence of breeding or foraging by that species. 

 

Item 3: "Maintains ponded water for at least two continuous months between 
March and September of a normal rainfall year" 

 
If an area satisfies item 2 by showing evidence of breeding by obligate 

species, the criteria in items 3 and 4 are presumed to be satisfied.  (See flow chart 
below for an illustration of this.)  This presumption does not apply if an area 
satisfies item 2 solely by showing evidence of breeding by facultative species.  This 
application of the presumption reflects the fact that the species listed as obligate 
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depend almost exclusively on vernal habitat for breeding, and cannot breed in other 
types of habitat.  They must breed in an area that maintains water for certain time 
periods, and in which there are no fish to eat their eggs.  Obligate species also tend 
to be site tenacious, meaning  that succeeding generations of the species 
frequently return to their natal pond for breeding purposes.  Therefore, if an area 
shows evidence of breeding by an obligate species, the area must meet the criteria 
in items 3 and 4.    

 
However, the species listed as facultative do not depend exclusively on 

vernal habitat, although they do regularly use vernal habitats.  These species also 
use other similar types of habitat that would not meet the definition of a vernal 
habitat.  Therefore, the presumption that an area is ponded for at least two months 
and is free of fish populations (i.e., that the criteria in items 3 and 4 are met) does 
not apply where only facultative species have been found.  In those cases, the 
ponding of water (Item 3) and the drying up or lack of fish populations (Item 4) must 
be independently demonstrated in accordance with this protocol.  

 
To satisfy Item 3, an area that is not subject to the presumption discussed 

above (i.e., an area with evidence of facultative species only) must maintain ponded 
water continuously for at least two contiguous months (60 days) between March 1st 
and September 30th of a normal rainfall year.  

 

 

Item 4: "Is free of fish throughout the year, or dries up at some time during 
the year" 

As discussed above under Item 3, if an area satisfies item 2 by showing 
evidence of breeding by obligate species, the criteria in items 3 and 4 are presumed 
to be satisfied.  (See flow chart below for an illustration of this.) 

 
To satisfy Item 4, an area that is not subject to the presumption discussed 

above (i.e., an area with evidence of facultative species only) must be free of fish 
populations throughout the year, or dry up at some time during the year.   Meeting 
either one of these criteria is sufficient to satisfy Item 4.  

 

Required Field Observations for Certifying a Vernal Habitat 

 
A. Item 1: Clear photographs are required to document that an area is a confined 

basin depression without a permanent flowing outlet.  The photographs must be 
taken from several angles, and must be sufficient to clearly display the area's 
complete or intermittent hydric isolation. 

 
B. Item 2: At least one of the following types of evidence is required to document each 

observation of a vernal habitat species: 
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1. Photograph(s).  This is the preferred method.  Prints, slides, or digital 
photographs are acceptable.  The location, date of observation, and observer's 
name must be provided; 

2. Videotape recording.  The location, date, and recorder's name must be provided; 
3. Taped audio recording of a frog breeding chorus.  The location, date, and 

recorder's name must be provided; and/or 
4. Detailed written description(s) of species observed, including a discussion of the 

criteria that were used to identify the species involved.  Field notes, and/or a 
drawing of the animal, may be submitted as part of the description.  It is 
preferred that the description and field notes be prepared by a biologist 
competent in animal identification. 

 
C. Item 3: The following evidence is required to support observations that an area 

maintains ponded water for at least two contiguous months between March and 
September: 
1. A logbook containing a record of observations, made approximately weekly, of 

the presence or absence of standing water in the area.  For each observation 
date, the logbook shall state the approximate depth and dimensions of the area 
covered by standing water; and/or 

2. A list of one or more amphibian and reptile species that were observed using the 
area for breeding purposes (including dates). 

 
D. Item 4: At least one of the following types of evidence is required to demonstrate 

that an area is free of fish populations throughout the year, or dries up at some time 
during the year: 
1. Clear photograph(s) and/or statement of direct observation, including date of 

observation, showing the area to be dried up; or 
2. Scientific evidence sufficient to conclude that the area is free of fish populations.  

 

Documenting The Location Of A Vernal Habitat  

The following documentation is required to identify the location of a vernal habitat:  
1. One or more of the items at i through iii below: 

i. Metes and bounds description. Compass bearings and measured distances (the 
distances should be 1000 feet or less) of the habitat from at least two permanent 
landmarks, and the locations of landmarks.  The compass bearings must 
account for the appropriate declination. The locations of the landmarks and the 
vernal habitat must be shown on the municipal tax map required in 2 below; 

ii. Aerial photographs. The vernal habitat must be clearly visible on the aerial 
photograph; or 

iii. Professional survey or GPS coordinates; and 
2. A photocopy of an 8.5" by 11" section of the appropriate United States Geological 

Survey quadrangle map with the approximate site of the vernal habitat clearly 
marked should also be included (USGS quad maps are available from the 
Department's Office of Maps and Publications at (609) 777-1038); and 

3. It is recommended that a sketch map and/or detailed description of features in the 
immediate vicinity (within 1000 feet) of the vernal habitat also be provided. 
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Use Of This Protocol In The Freshwater Wetlands Permit Program: 

 
1. The Department will develop a list of certified vernal habitats.  After the list is 

developed, the Department will develop digital GIS maps showing the locations of 
certified vernal habitats.   

 
2. When an application for a freshwater wetlands permit is submitted, the Department 

will review the list of certified vernal habitats to determine if the site may contain a 
vernal habitat. 
 

3. If the site contains a certified vernal habitat, the Department will inform the applicant 
of this fact. 

 
4. For each permit application, LUR accepts public comment during the period of 

application review, in accordance with N.J.A.C. 7:7A-12.3.  If the Department 
receives information indicating that an area may be a vernal habitat during the 
public comment period (whether the information is submitted by the public, 
discovered by staff during a site investigation, or obtained in some other way), the 
Department will evaluate this information.  If the information is sufficient to certify 
the area as a vernal habitat in accordance with this protocol, the Department will do 
so.  Alternatively, the Department may delay a final decision on the application in 
order to obtain further information. The Department's action in these cases will vary 
on a case by case basis depending upon the quality of information available to the 
Department and/or the credentials of the person providing the information. 
 

5. If the Department does not receive or discover any information indicating that an 
area is a vernal habitat prior to the Department's final decision on the application, 
the area shall not be considered a vernal habitat for purposes of the final decision 
on that application. 

 
6. An applicant may contest the certification of an area as a vernal habitat.  In order to 

contest a certification, an applicant must demonstrate that the area no longer meets 
the criteria in items 1, 2, 3, or 4 of the definition of vernal habitat.  If such a 
demonstration includes a survey for vernal habitat species, the survey must be 
conducted over a minimum of two normal rainfall years, and must show no 
evidence of the presence of any vernal habitat species during the survey period. 



Contract Number: W912DS-18-D-0006: IDC 212
Green Brook Flood Risk Management Project
Vernal Pool Investigation – Phase 2

[May 2021]

Attachment B  Photo Log



Green Brook Flood Risk Management Project
Vernal Pool Investigation – Phase 2

Figure 6: Photo Location Map
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2020 Surveys

Photo 1
Location: C5-1
Date: May 3, 2020

Photo 2
Location: C5-1
Date: June 21, 2020
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Photo 3
Location: C5-2
Date: May 3, 2020

Photo: 4
Location: C5-2
Date: May 15, 2020
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Photo 5
Location: C5-3
Date: May 3, 2020

Photo 6
Location: C5-3
Date: August 2, 2020
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Photo 7
Location: C5-4
Date: May 30, 2020

Photo 8
Location: C5-4
Date: June 28, 2020
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Photo 9
Location: C5-5
Date: May 3, 2020

Photo 10
Location: C5-5
Date: May 22, 2020
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Photo 11
Location: C5-6
Date: June 7, 2020

Photo 12
Location: C5-5
Date: June 13, 2020
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Photo 13
Location: C5-7
Date: May 3, 2020

Photo 14
Location: C5-7
Date: August 25, 2020
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Photo 15
Location: C5-8
Date: May 15, 2020

Photo 16
Location: C5-8
Date: July 14, 2020
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Photo 17
Location: C5-9
Date: May 9, 2020

Photo 18
Location: C5-9
Date: June 7, 2020



Green Brook Flood Risk Management Project
Vernal Pool Investigation – Phase 2

Photo 19
Location: C5-10
Date: June 7, 2020

Photo 20
Location: C5-10
Date: July 21, 2020
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Photo 21
Location: C5-11
Date: April 28, 2020

Photo 22
Location: C5-11
Date: August 10, 2020



Green Brook Flood Risk Management Project
Vernal Pool Investigation – Phase 2

Photo 23
Location: C5-12
Date: June 7, 2020

Photo 24
Location: C5-12
Date: June 28, 2020
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Photo 25
Location: H1
Date: June 21, 2020

Photo 26
Location: H1
Date: August 10, 2020
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Photo 27
Location: H2
Date: June 21, 2020

Photo 28
Location: H2
Date: August 10, 2020
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Photo 29
Location: H3
Date: June 21, 2020

Photo 30
Location: H3
Date: August 10, 2020
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Photo 31
Location: H4
Date: June 21, 2020

Photo 32
Location: H4
Date: August 10, 2020
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Photo 33
Location: H5
Date: June 21, 2020

Photo 34
Location: H5
Date: September 16, 2020
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Photo 35 – Green frog
Location: C5-3
Date: May 15, 2020

Photo 36 – Eastern painted turtle
Location: C5-9
Date: May 3, 2020
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Photo 37 – Common snapping turtle
Location: C5-7
Date: May 15, 2020

Photo 38
Location: C5-7
Date: July 27, 2020
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Photo 39
Location: C5-7
Date: July 23, 2020

Photo 40
Location: C5-6
Date: August 10, 2020
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Photo 41 – Red fox
Location: H2
Date: August 2, 2020

Photo 42 – Dragonfly nymph
Location: C5-4
Date: May 15, 2020
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Photo 43 – Garter snake
Location: C5-7 adjacent
Date: May 3, 2020
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2021 Surveys

Photo 44
Location: C5-1
Date: February 25, 2021

Photo 45
Location: C5-1
Date: March 21, 2021
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Photo 46
Location: C5-1
Date: March 30, 2021

Photo 47
Location: C5-1
Date: April 10, 2021
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Photo 48
Location: C5-1
Date: April 18, 2021

Photo 49
Location: C5-1
Date: April 30, 2021
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Photo 50
Location: C5-2
Date: February 25, 2021

Photo 51
Location: C5-2
Date: March 3, 2021
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Photo 52
Location: C5-2
Date: March 21, 2021

Photo 53
Location: C5-2
Date: March 25, 2021
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Photo 54
Location: C5-2
Date: April 10, 2021

Photo 55
Location: C5-2
Date: April 18, 2021
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Photo 56
Location: C5-2
Date: April 22, 2021

Photo 57
Location: C5-3
Date: February 25, 2021
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Photo 58
Location: C5-3
Date: March 25, 2021

Photo 59
Location: C5-3
Date: April 22, 2021
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Photo 60
Location: C5-4
Date: February 25, 2021

Photo 61
Location: C5-4
Date: March 11, 2021
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Photo 62 - Wood frog
Location: C5-4
Date: March 11, 2021

Photo 63
Location: C5-4
Date: March 21, 2021
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Photo 64 - Wood frog
Location: C5-4
Date: March 21, 2021

Photo 65
Location: C5-4
Date: March 25, 2021
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Photo 66 - Wood frog
Location: C5-4
Date: March 25, 2021

Photo 67 - Wood frog
Location: C5-4
Date: March 25, 2021
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Photo 68
Location: C5-4
Date: March 30, 2021

Photo 69 - Wood frog
Location: C5-4
Date: April 10, 2021
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Photo 70
Location: C5-4
Date: April 30, 2021

Photo 71
Location: C5-5
Date: March 11, 2021
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Photo 72 - Dragonfly larvae
Location: C5-5
Date: March 11, 2021

Photo 73
Location: C5-5
Date: March 30, 2021
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Photo 74
Location: C5-5
Date: April 18, 2021

Photo 75
Location: C5-6
Date: March 3, 2021
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Photo 76
Location: C5-6
Date: March 25, 2021

Photo 77 – Snapping turtle
Location: C5-6
Date: April 10, 2021
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Photo 78
Location: C5-6
Date: April 22, 2021

Photo 79
Location: C5-7
Date: March 3, 2021
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Photo 80
Location: C5-7
Date: March 21, 2021

Photo 81
Location: C5-7
Date: April 18, 2021
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Photo 82
Location: C5-8
Date: March 11, 2021

Photo 83
Location: C5-8
Date: March 30, 2021
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Photo 84
Location: C5-8
Date: April 18, 2021

Photo 85
Location: C5-9
Date: March 11, 2021
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Photo 86
Location: C5-9
Date: March 30, 2021

Photo 87
Location: C5-9
Date: April 18, 2021
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Photo 88
Location: C5-9
Date: April 30, 2021

Photo 89
Location: C5-10
Date: March 3, 2021
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Photo 90
Location: C5-10
Date: March 30, 2021

Photo 91
Location: C5-10
Date: April 22, 2021
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Photo 92
Location: C5-11
Date: March 3, 2021

Photo 93
Location: C5-11
Date: March 25, 2021
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Photo 94
Location: C5-11
Date: April 16, 2021

Photo 95
Location: C5-11
Date: April 30, 2021
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Photo 96
Location: C5-12
Date: February 25, 2021

Photo 97
Location: C5-12
Date: March 25, 2021
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Photo 98
Location: C5-12
Date: April 22, 2021

Photo 99
Location: H1
Date: February 25, 2021
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Photo 100
Location: H1
Date: March 3, 2021

Photo 101 – Green frog
Location: H1
Date: March 25, 2021
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Photo 101
Location: H1
Date: April 10, 2021

Photo 102
Location: H2
Date: March 3, 2021
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Photo 103
Location: H2
Date: March 25, 2021

Photo 104 – Green frog
Location: H2
Date: April 10, 2021
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Photo 105
Location: H3
Date: March 3, 2021

Photo 106
Location: H3
Date: March 25, 2021
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Photo 107
Location: H3
Date: April 22, 2021

Photo 108
Location: H4
Date: March 3, 2021
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Photo 109
Location: H4
Date: April 22, 2021

Photo 110
Location: H5
Date: March 3, 2021
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Photo 111
Location: H5
Date: April 22, 2021

Photo 112 – Whitetail deer
Location: C5-2
Date: March 31, 2021
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Photo 113 – Great blue heron
Location: H4
Date: April 1, 2021

Photo 114 – Raccoons
Location: H2
Date: April 9, 2021



Green Brook Flood Risk Management Project
Vernal Pool Investigation – Phase 2

Photo 115 – Wood ducks
Location: H2
Date: April 27, 2021

Photo: 116 – Red fox
Location: H2
Date: April 28, 2021
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MEMORANDUM FOR RECORD      14 September 2021 

SUBJECT: Green Brook Flood Risk Management (FRM) Project, Segments C5 and H Vernal 
Habitat Survey, Middlesex Borough, Middlesex County, New Jersey 

1. A meeting was held on September 1, 2021 between staff from U.S. Army Corps of 
Engineers, New York District (USACE) and their consultants, and the New Jersey 
Department of Environmental Protection, Division of Watershed Protection and Restoration 
and Division of Dam Safety and Flood Engineering to discuss the results of a vernal habitat 
survey conducted within the Green Brook FRM Segments C5 and H project areas. The 
following staff attended the meeting: 
 

Name Agency/Company 
Alek Petersen USACE - Programs and Project Management 

Kimberly Rightler USACE – Planning Division, Environmental Analysis 
Branch 

Carissa Scarpa USACE – Planning Division, Environmental Analysis 
Branch 

Elena Manno USACE – Engineering Division 
Minhaz Mahmud USACE – Engineering Division 

  
Kunal Patel NJDEP - Division of Dam Safety and Flood Control 

Susan Lockwood NJDEP Division of Watershed Protection & Restoration – 
Threatened and Endangered Species 

Sally Florio NJDEP Division of Watershed Protection & Restoration – 
Threatened and Endangered Species 

Christina Albizati NJDEP Division of Watershed Protection & Restoration – 
Threatened and Endangered Species 

Allegra Mitchell NJDEP Division of Watershed Protection & Restoration – 
Threatened and Endangered Species 

  
John Rollino AECOM – USACE Consultant: Vernal Habitat Survey 

Mark Jaworski Baird – USACE Consultant: Vernal Habitat Survey 
Kimberly Lukas HDR – USACE Consultant: Segment C5 Design 

Jim Hunt Princeton Hydro – USACE Consultant: Segment C5 Design 
Casey Hurt Princeton Hydro – USACE Consultant: Segment C5 Design 

Duncan Simpson Princeton Hydro – USACE Consultant: Segment C5 Design 
 

2. The following were key issues discussed at the meeting:  
a. USACE provided a brief summary of the overall Green Brook FRM Project (Attachment 

1). It was noted that Segment C5 is connected to Segment C4 via a closure gate across 
Rte 28. This connection could potentially limit the extent of realignment made to 
Segment C5 to avoid adverse impacts to wetlands and vernal habitat. 
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b. The initial vernal habitat study conducted from April through September 2020 was 
delayed in part to COVID and funding issues. In addition, 2020 was below average in 
precipitation and warmer in average. As result the supplemental survey was performed.  
 

c. NJDEP Division of Watershed Protection and Restoration – Threatened & Endangered 
Species confirmed that the visual observations and vocal calls of wood frog, on obligate 
vernal habitat species, verifies the presence of vernal habitat in location C5-4. In response 
to a question, the District confirmed that dip netting yielded no egg masses or tadpoles.  
 

d. There are currently two alignments (see attachment 2) being considered. The first 
alignment would indirectly adversely effect vernal habitat C5-4 by cutting off the 
hydrology from the Bound Brook. The second alignment would directly adversely effect 
vernal habitat C5-4 as it lies completely within the levee alignment. A third potential 
option was recently proposed through a Value Engineering Study which recommend that 
the levee be replaced by a floodwall in vicinity of C5-4 to avoid adverse impacts to it. 
However, a layout of that option has not yet been developed and will require further 
evaluation to determine its feasibility.  
 

e. Compensatory mitigation at a 2:1 ratio will be required for any adverse impacts; on site 
mitigation is preferable. Areas C5-10, 11 and 12 were not observed holding fish and 
could potentially serve as a compensatory mitigation location through enhancement of 
the areas via topographical modifications and installation of artificial cover. 
 

f. NJDEP Division of Watershed Protection and Restoration – Threatened and Endangered 
Species expressed concerns about how the hydrology on the unprotected side of the levee 
will be effected and requested that an analysis be conducted to determine impacts. The 
USACE agreed to perform such an analysis and will discuss further internally on how 
complete it. 
 

3. The lands on which the project is located is Green Acres encumbered. Therefore, the 
USACE will be scheduling a separate meeting with Green Acres staff to discuss the project.  
  
In addition, the New Jersey Freshwater Wetland Protection Act Rules do not allow for 
mitigation to occur on Green Acres lands. Therefore, further coordination with Green Acres 
and NJDEP Division of Watershed Protection and Restoration staff will need to occur.  
 
Post Meeting Addendum: Based on a review of the Freshwater Wetland Protection Act 
Rules section 7:7A-11.4 Property Suitable for Mitigation subsequent of the meeting, it was 
found that the section specifies that off-site compensatory mitigation on Green Acres 
property is not allowed.  
 
There does not appear to be any restrictions within the Freshwater Wetland Rules pertaining 
to on-site compensatory mitigation within Green Acres encumbered properties. Given that 
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on-site compensatory mitigation may be considered for Segment C-5 impacts, further 
coordination with the Division of Watershed Protect and Restoration - Mitigation Unit and 
Green Acres will be required.  

 
4. NJDEP Division of Watershed Protection and Restoration – Threatened and Endangered 

Species concurred with the survey results confirming no vernal habitat within the Segment 
H project area.  
 

5. Please contact the undersigned at 917-790-8722 or kimberly.a.rightler@usace.army.mil with 
any questions or concerns. 
 
 
 
 Kimberly Rightler 

 Project Biologist 

mailto:kimberly.a.rightler@usace.army.mil
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