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Introduction 

The New Jersey land use regulatory system is among the most stringent in the country. Land 
use laws like the Pinelands Act, the Wetlands Act, Coastal Area Facility Review Act and the 
Highlands Act have required nearly all land users, including landowners, developers, farmers, 
and foresters, to seek permits for nearly every activity that can alter land and water resources. 
Although the system has accomplished significant land protection in the last 25 years, the 
conversion of natural resource conservation lands to urban land uses has held consistent at 0.5% 
per year. Whereas in 1986 63% of the state was undeveloped farmland, forest, and wetlands, by 
2007 it had been reduced to 56% (Hasse and Lathrop 2010). During this two-decade time period, 
New Jersey’s urban growth rate was nearly twice as fast as its rate of population growth. 
Despite recent increased protective legislation, these losses are still increasing. The rate of loss 
increased from 14,886 acres per year from 1986-1995 to 16,061 acres per year from 2002-2007, 
and urbanization occurred at four times the growth rate of the population during this most 
recent time period (Figure 1). 

 

Figure 1. Population growth rates vs. urban growth, 1986-2007. The rate of urbanization has increased in recent 
years and is now over four times higher than the rate of population growth. 

Large acreages of farmland, forest, and wetlands are all being lost every year to urban 
development (Figure 2). The toll on natural resources has been dramatic, especially the 
degradation and loss of critical wildlife habitats. The state’s endangered species list has grown 
significantly over the last thirty years, while the number considered recovered has been largely 
restricted to a few raptors that were endangered for reasons other than dwindling habitat loss. 
The impact on wildlife is not fully understood. 
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Figure 2. Annualized rates of land use change for the T1 ('86-'95), T2 ('95-'02), and T3 ('02-'07) time periods. This 
shows the rate of urbanization increasing over the period of increased regulation. 

The existing system of land use regulation has not always adequately protected endangered 
and threatened species habitat and needs both greater flexibility as well as substantive 
improvement. In considering the appropriateness of development activity, priority should 
always be given to the avoidance of negative environmental impacts to threatened and 
endangered wildlife species’ habitat, followed by minimization and lastly by compensation. 
Habitat mitigation, as a form of compensation, consists of the conservation or restoration of 
high biodiversity value habitat as a means of offsetting degradation of natural habitat of 
relatively low biodiversity value. We propose a new regulatory system for the protection of 
habitat of endangered and threatened species based on establishing habitat conservation banks 
using procedures already established in other states, with the enhancement being guided by a 
GIS evaluation model based on the principal of no net loss of habitat value. The system can be 
distinguished from the current system in four ways: 

1. We will propose that new regulations be based on a new system of recovering lost 
habitat value estimated by a relatively simple model composed of five estimates of 
habitat value: the percentage of endangered and threatened species habitat in a defined 
area, the area of core habitat, the connectedness of habitat, the degree of protection, and 
the state of habitat management for the species of concern. This new regulatory 
paradigm allows for a transfer of value from lands that will be developed to lands that 
are best suited for protection and management. We envision that the proposed 
regulatory system be implemented for those areas of the state that are not already 
covered by regulations protecting threatened and endangered species habitat (i.e., areas 
outside the Pinelands Comprehensive Management Plan zone). 
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2. In our proposal, lost value from development can be regained with increased protection 
or better land management. The economic value of the loss can therefore be calculated 
by the cost of its replacement – buying land, buying development rights, habitat 
restoration, and other methods of improving protection and habitat quality. We propose 
a system of trading habitat values with a new conservation banking system overseen by 
a conservation banking trust housed in an existing governmental trust, the Natural 
Lands Trust. The Trust will allow new mitigation banks to be established throughout the 
state. We will suggest ways to improve the current system of mitigation banking to 
create more competitive pricing and improved assurance of results. 

3. This new regulatory system will create a scientifically defensible way to evaluate the 
success of habitat protection, the efficacy of the methods used to improve protection and 
management, and the economic impact of the system on local communities. It allows an 
ecological and economic accounting that will provide communities, state agencies, and 
conservation and development interests with a practical method to monitor small and 
large scale changes to the ecological integrity of the wildlife habitat. This monitoring 
creates feedback that managers can use to adaptively manage the planning, protection 
and management to insure good results for the money spent on species in need of 
protection. The proposed approach is not dependent on the prior existence of species 
recovery plans, but these can be developed and implemented in tandem. 

4. Although this system must be managed by agencies and thus requires regulations, it is 
far different from the existing system of land use regulation. This new system allows 
landowners greater flexibility concerning development decisions by providing them 
with the opportunity to offset losses in wildlife habitat value on one property with 
enhanced protection or management on another property. The goal is to conserve and 
enhance high value habitat as a means of offsetting degradation of natural habitat of 
lower biodiversity value. It also provides the basis for other landowners who wish to 
keep their land in good ecological condition by enrolling these lands in a conservation 
bank and selling the value of improvements in ecological value. 

The purpose of this project is to test the efficacy of this new regulatory system in real world 
conditions and the likelihood that it will achieve its intended purpose through iterative 
meetings with a stakeholders group composed of leaders from within the conservation, land 
use planning, and land use professions. Simultaneously, we subjected the system to both an 
academic review and a preliminary assessment by municipal planners, consultants and other 
land planning specialists. Ostensibly, the purpose of this work was to assist the NJDEP in 
developing new regulations to implement no net loss system of conservation planning. To that 
end, this paper presents a preliminary structure for a new regulatory program and reflects the 
opinion of the structure by the leaders involved in the project. 

Overview of the Project Process to Date 

Throughout the development of this proposal, a number of stakeholders (including planning 
officials, government regulators, and scientists) were consulted and invited to provide their 
comments and feedback on the process. A total of seven meetings were held. Three consisted of 
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the entire stakeholder group, while the remaining four were comprised of various subsets of the 
group. 

The first meeting took place on September 27, 2012 and was attended by the entire stakeholder 
group. After introducing the stakeholders, the meeting then laid out the problems with the 
current regulatory system for protecting threatened and endangered species and introduced the 
conservation banking concept. The meeting concluded with a strategy for the implementation 
of the new system, as well as the plan for the stakeholder group and a tentative schedule for 
upcoming meetings. 

A private meeting with Eric Snyder of the Sussex County planning department occurred on 
May 7, 2013. The goal was to develop a pilot version of the conservation banking project to test 
the protocols and would occur in three selected towns (Vernon, Sparta, and Frankford). The 
project would be presented to the communities as an extension of the ongoing Water Quality 
Management planning that is happening statewide, and would allow the pilot communities the 
opportunity to get a head start on the conservation banking system at no cost to them. 

A sub-meeting of the scientific advisory panel was held on August 16, 2013. The purpose was to 
gather feedback on the model used to calculate habitat values, identify potential loopholes, and 
garner suggestions for improvement. Ultimately, further evaluation was suggested for multiple 
variables, as well as the addition of two components: a measurement of the “irreplaceability” of 
habitat, as well as a measurement of the cumulative impact of development (for example, 
higher mitigation ratios would be required for rarer species, as well as for situations where a 
particular parcel represents a larger percentage of the total habitat available to a species). The 
update interval of the habitat value mapping was also discussed, with near real-time updating 
established as a goal with quarterly or twice annual updating at the start. 

A meeting with the Sussex County Planning Department occurred on September 4, 2013. The 
meeting focused on the potential impact and methodology of the implementation of a 
conservation banking approach on county and municipal planning. In general, the group 
supported the idea, though had reservations based on the failings of the current system and the 
unlikelihood of change. When asked to describe the most expeditious process to transition to 
the conservation banking process, the group suggested creating the mapping and model and 
making it available to all qualified users, having it reviewed by the county and municipal 
planning authorities, and then sending it to the planning boards to be put into use. They also 
suggested creating a process for adding new information at the county level to allow continual 
updates. 

The second stakeholders' meeting was held on September 26, 2013. The meeting again opened 
with an overview of the conservation banking concept, then provided an update on the sub-
meetings that taken place since the initial stakeholders meeting. The stakeholders expressed 
concern about a number of different facets of the project. Aside from echoing concerns about the 
frequency of the land use updates used in calculating habitat values, they also questioned what 
to do if a municipality was unable (or unwilling) to carry out the program. The stakeholders 
also presented the idea that a third party would control the mitigation bank with the purpose of 
consolidating larger and more contiguous sites, restoring preserved land, and assuming 
responsibility for the long-term maintenance of preserved lands, but raised concern over the 
potential for the creation of a monopoly. 
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On December 5, 2013, a sub-meeting of the planners was held to further discuss the mitigation 
banking system. The participants discussed at length the proper locations for mitigation 
activity, as well as potential ideas for the mitigation bank itself. Following the stakeholders’ 
suggestion, it was agreed that a separate entity (such as Natural Lands Trust) could service as 
the mitigation bank. However, to prevent the bank from gaining a monopoly, it was important 
that there was a way for developers to produce their own projects and that an external entity 
(for example, NJDEP Division of Land Use Regulation) reviewed mitigation projects. The 
difficulty of ensuring the success of mitigation projects was discussed, with the most plausible 
suggestion being the creation of an endowment from the purchase price of land going towards 
managing it in perpetuity. Lastly, the fear of conservation groups that the project would result 
in the removal of old protective regulations without the creation of new ones was addressed, 
with the consummation of the discussion being the comment that the planned “test-rollouts” in 
Cumberland and Sussex counties would help to alleviate with these fears. 

A final meeting of the entire stakeholder group was held on January 21, 2014. The purpose was 
to update the group about the most recent developments and to discuss the first draft of this 
white paper. The meeting began with an overview of the proposed wildlife habitat conservation 
and mitigation program and continued with a summary of the individual components of the 
system and the roles of the involved agencies and organizations. Some of the advantages of a 
conservation banking system were presented, and lastly, some options for achieving the desired 
“no net loss” of habitat value were examined. Throughout, questions and comments from the 
stakeholders were welcomed, and five main issues they brought up were revisited based on 
their feedback. 

Overview of Endangered and Threatened Species Habitat 
Conservation Bank Permitting and Mitigation Process 

The system proposed in this report is composed of two important processes: the estimation of 
habitat value lost through development or other forms of land use that cause habitat destruction 
or degradation, and a process for recovering those losses. The estimation of habitat loss will be 
done with the use of a peer-reviewed geographic information system model composed of three 
variables that describe the landscape scale ecological value of the habitat for each species. To 
achieve no net loss of habitat value, the estimated habitat value lost (debit) must be offset by a 
gain in habitat value (credit) elsewhere. Habitat value can be gained through increased 
preservation protection of habitat or by increasing the habitat value to the species through 
habitat enhancement. Once estimated, a landowner or developer can seek the lost value through 
the next stage of this process, outlined in greater detail under the Conservation 
Banking/Habitat Mitigation Program section.  

It is important to recognize that while the value lost can be offset on an individual trade basis, 
in the short term, habitat area is a zero sum game; once destroyed the area of lost habitat for a 
species has been decreased and cannot be regained (in the short term). Moreover, while putting 
existing habitat area under improved protection (i.e., through enrolling in a conservation bank) 
increases the certainty that the habitat will not be converted or developed in the future, it does 
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not create new habitat. It is feasible to increase the value of some habitats through new or 
improved management but the increase in carrying capacity for rare species may be limited to 
within a relatively modest range. In the longer term, it may be possible to increase certain types 
of habitat through habitat restoration activities (i.e., and thereby create new habitat area). Once 
created and properly functioning as habitat for a target species, this new habitat area could be 
used to offset lost habitat value (debits). 

The model used in this proposed system attempts to create an objective estimate of loss of value 
(i.e., debit) and subsequent gain (i.e., credit) from protection and management. The proposed 
habitat valuation model has been vetted by both a scientific technical advisory group as well as 
a stakeholders group and represents a Version 1.0. We recommend that this model be 
continually refined in an adaptive management framework as experience is gained through 
implementation and advances in scientific understanding.  

The following is the proposed habitat mitigation process highlighting key components as well 
as roles and responsibilities of state, county and municipal agencies and non-profit 
organizations in the New Jersey species conservation banking program. A more detailed outline 
is provided in Appendix A.  

The following graphic provides an overview of the proposed conservation banking system 
(Figure 3).  
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Figure 3. Conservation Bank permitting and mitigation process. 

New Jersey Land Cover Map 

The first step in the process of implementing no-net-loss habitat conservation planning is to 
allow every county to review NJDEP land use/land cover mapping and to coordinate 
municipal and public input. The map that counties will review is the 2012 land use/land cover 
map. This map will represent the baseline for future no-net-loss planning.  

The New Jersey Office of GIS will compile and review all of the proposed updates made by 
counties and modify the 2012 map as appropriate. 
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Wildlife Habitat Value Modeling 

The state will designate the entity responsible for wildlife habitat value (WHV) mapping. This 
could be New Jersey Department of Environmental Protection Division of Fish and Wildlife 
Endangered & Nongame Species Program (hereafter ENSP) or some third party under contract. 

Working with land cover maps, the designated wildlife habitat value mapping entity will 
undertake the habitat value modeling and mapping and will release draft wildlife habitat value 
maps. Overall values and weights in the model will be set by the mapping entity under the 
advisement of the scientific review committee. These model outputs will be reviewed, modified 
as needed and approved by the ENSP. Habitat value maps will be periodically reviewed and 
updated to ensure that the best available information is incorporated into models. This includes 
both updated land use and land cover data as well as improved wildlife habitat value models 
that incorporate new data and techniques as they become available.  

Once the first iteration of wildlife habitat value mapping is complete, every county will have the 
opportunity to review and coordinate municipal and public input regarding the maps. This 
input will be forwarded to wildlife habitat value mapping entity for consideration.  

The wildlife habitat value mapping entity will compile and assess the input from stakeholders, 
modify the maps as appropriate, and release draft final wildlife habitat value maps. Disputes 
will be settled by the ENSP. The final maps will be certified and then released by ENSP. 

The NJ Department of Environmental Protection will create an online resource that will allow 
counties, municipalities, the development community and other stakeholders access to wildlife 
habitat value maps for land use and habitat mitigation planning. 

Planning at the County and Municipal Level 

One component of WHV mapping will be the creation of a map layer that identifies conflicts 
between existing planning and zoning maps and WHV mapping. Maps will provide planners 
guidance on degree of conflict using a 3-tier approach (Green: no conflict; Yellow: resolvable 
conflict, tradeable habitat; and Red: irresolvable conflict, irreplaceable habitat). Municipalities 
and counties will update their master planning as they deem appropriate.  

Permitting 

The state will develop regulations to establish the species conservation banking program. 
Participation will be enforced by regulation rather than voluntary in nature. We envision that 
the proposed conservation banking system be implemented for those areas of the state that are 
not already covered by regulations protecting threatened and endangered species habitat (i.e., 
areas outside the Pinelands Comprehensive Management Plan zone). 

The state will create a process for training or certifying consultants and create a list of qualified 
consultants to work with the wildlife habitat mapping and debit/credit calculation protocol. 
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These qualified consultants and planners will work with counties, municipalities and 
developers. Consultants will assist these groups in the use of wildlife habitat value mapping to 
calculate the required habitat value credits for identified threatened and endangered species for 
proposed development plans to offset the debits caused by the development. 

Developers will submit habitat value debit calculations to the New Jersey Department of 
Environmental Protection Division of Land Use Regulation (hereafter NJDEP Land Use) for 
certification as part of the permitting process. The Land Use Division will approve or 
disapprove the calculation of lost value.  

The developer will then either (a) apply to a conservation bank to purchase the required 
number of habitat value credits for the identified threatened and endangered species, or (b) 
undertake a permittee-responsible on- or off-site private mitigation. To be most effective, the 
conservation banks as well as alternative habitat mitigation should be conducted within priority 
sites as identified by the species conservation plan and approved by the Conservation Bank 
Review Trust. Where extensive habitat enhancement/restoration is required as part of the 
mitigation, the mitigation should be enrolled formally as a conservation bank to ensure that 
management continues long-term under a responsible party. 

The developer will submit evidence of meeting the WHV mitigation credit obligation to the 
NJDEP Land Use for final certification of meeting the no-net-loss of WHV requirements. 
Counties (or NJDEP Land Use) will maintain a GIS database of each WHV transaction and will 
provide the GIS database and a yearly summary values gained and lost for each municipality to 
the NJDEP. 

Conservation Banking System 

A statewide entity called the Conservation Bank Trust (CBT) will be responsible for oversight of 
conservation banking. Part of the trust’s responsibilities will be to create a registry of certified 
mitigation banks. A conservation bank sponsor will need to meet standards stated by the CBT 
in order to be certified for inclusion on the registry. Conservation banks may be certified for one 
or multiple species depending on the configuration of the bank’s capacity for mitigation. The 
CBT will solicit new projects to guide the activities of conservation banks. 

The CBT will offer two alternative methods of purchasing credits. 

1. Establishing and operating a trading platform for the orderly exchange of credits 
between developers and conservation banks 

2. Receiving and holding payment that would then fund conservation banks/projects 
submitted by conservation banks 

The CBT will work with ENSP to determine best management practices for all threatened and 
endangered species. The ENSP will provide technical guidance and training to conservation 
banks and consultants to implement species-specific habitat management techniques, as well as 
to help identify priority sites where conservation banks should be preferentially located (i.e. 
through the state Wildlife Action Plan, Habitat Connectivity planning framework or individual 
species recovery plans). Conservation banks will be required to follow established best 
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management practices when proposing active management projects. These activities will be 
outlined in mitigation plans that will be evaluated and approved by the CBT before initiation of 
a selected mitigation project. 

The CBT will certify the number of credits earned for each project. Conservation banks will be 
responsible for ensuring that management plans are implemented. ENSP and CBT will review 
the conservation banks’ projects every three years to ensure that the projects are following best 
management practices for the target species. This review would provide the basis for adaptive 
management of individual species’ habitats and revision of best management practices. The 
CBT will notify conservation banks that are out of compliance. Noncompliance will threaten the 
conservation bank’s certification.  

Funding Mechanism  

The conservation bank credit costs will incorporate stewardship endowment monies to support 
long-term management for individual conservation banks. The CBT will be responsible for the 
stewardship endowment. The CBT will be funded by a fee assessed for each conservation 
banking transaction. The State (e.g., NJDEP Land Use, ENSP, NJDEP OIG, the Habitat Value 
Mapping Entity) will be funded by fees associated with the permitting process. 

Background on Species Conservation Banking  

We are proposing that the state of New Jersey implement new policies and regulations to 
promote the use of conservation banking as a means of protecting and restoring the state’s 
wildlife. The proposed policy is based on the premise that we as a society accept that 
development activity must and should take place – the question is how to minimize the 
consequent environmental damage and to optimize conservation outcomes. The federal 
Endangered Species Act (ESA) was passed in 1973 to protect those species that are threatened or 
in danger of extinction nationwide. New Jersey passed similar legislation also in 1973 to protect 
and restore threatened and endangered (T&E) wildlife in the Garden State. Both Endangered 
Species Acts rely heavily upon command-and-control regulation to protect species populations 
from direct and/or incidental take (Nash 2008). The ESA also regulates actions that may 
negatively impact habitat that is deemed critical to listed T&E species’ survival. The ESA may 
prohibit such activity from taking place or require that impacts to any listed species be 
mitigated by offsetting actions to benefit that same species.  

In considering the appropriateness of development activity, priority should be given to the 
avoidance of negative environmental impacts to threatened and endangered wildlife species’ 
habitat, followed by minimization and lastly by compensation. Habitat mitigation, as a form of 
compensation, consists of the conservation or restoration of high biodiversity value habitat as a 
means of offsetting degradation of natural habitat of relatively low biodiversity value (ten Kate 
et al. 2004). One approach to habitat mitigation that has seen expanding use nationwide as well 
as worldwide, is referred to as species mitigation or conservation banking (Bayon 2008; Madsen 
et al. 2011). Conservation banking refers to the process of setting up species credits via a 
banking agreement and the “trading” (i.e., using or selling) of those credits (Bonnie 1999; Fox 
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and Nino-Murcia 2005). In contrast to the regulatory approach that penalizes landowners for 
harming protected species, conservation banking creates a market incentive for landowners to 
conserve wildlife (Wilcove and Lee 2004; Bunn et al. 2013). In considering habitat mitigation, the 
US Fish & Wildlife Service (USFWS 2003) recognizes the following hierarchy of choices:  

1) Conservation Banking – Credits can be purchased at an approved bank appropriate for 
the species. The bank sponsor takes on the liability of the success of the mitigation. 

2) In Lieu Fee Program – Permittees pay a fee to an approved compensation fund in lieu of 
implementing their own mitigation. The in-lieu fee sponsor provides the mitigation 
when sufficient funds have been collected to implement a mitigation project in an 
approved conservation bank and takes on the liability of the success of the mitigation. 
This option is used only if appropriate for the species and no existing conservation bank 
opportunities are available. 

3) Permittee-Responsible Mitigation – Permittees implement their own mitigation 
projects, either on-site or offsite, often through third party providers. The permittee is 
always responsible for the success of the mitigation, regardless of who does the work. 

Any conservation strategy should address the factors which caused the species to be listed and 
must be based on sound scientific principles. Habitat mitigation is not appropriate in 
circumstances where development should not proceed in the first place. Some wildlife habitat 
areas are recognized as irreplaceable and should be avoided, i.e., areas or locations that are 
critical to a species life cycle such as breeding, nesting, or overwintering and that have such 
unique characteristics that make them rare on the landscape. Examples include timber 
rattlesnake hibernacula, tiger salamander vernal pond breeding sites, bald eagle nests. Where 
habitat is deemed critical but not irreplaceable, conservation banking or in-lieu fee programs are 
considered as preferred options in light of the fact that the main threat to a majority of listed 
species is habitat loss and fragmentation of the remaining habitat (Fahrig 2003). In recognition 
of this threat, the New Jersey Endangered & Nongame Species Program (ENSP) initiated the 
New Jersey Landscape Project in the late 1990s in recognition that wildlife populations are 
mobile and need contiguous tracts of habitat to survive. Our expanding knowledge of 
conservation biology suggests that single habitat tracts or reserves are usually insufficient; 
thriving populations of species are best conserved in a reserve network consisting of core 
populations that are interconnected by dispersal corridors. The New Jersey Endangered & 
Nongame Species Program (ENSP) is presently coordinating the Habitat Connectivity project to 
model and map such a reserve network/corridor design.  

Conservation banking can aid in such a strategy by adding conservation areas that are 
permanently managed to the reserve network (USFWS 2003). The goal of any habitat mitigation 
strategy should be to promote the conservation or restoration of high biodiversity value habitat 
(e.g. focusing on priority sites or ecological corridors). Banks should be evaluated for their 
regional conservation value and their contribution to the designed reserve network of the 
regional plans (Bunn et al. 2013). This goal can be more readily accomplished by a properly 
designed conservation banking and/or in-lieu fee program that concentrates mitigation in 
larger areas of habitat where conservation outcomes are more secure, rather than by trading 
small, highly compromised sites (ten Kate et al. 2004; Bunn et al. 2013). Such a properly 
designed program could also be informed by as well as advance the goals of New Jersey’s state 
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wildlife action plan (Bean et al. 2008) and the Habitat Connectivity plan. The general consensus 
of the conservation banking literature is that on-site mitigation has a lower chance of success 
and often does not promote the broader goals of the permanent conservation of larger more 
viable preserves and improving habitat connectivity (Ruhl et al. 2005; Bunn et al. 2013). Further, 
conservation banks can take advantage of economies of scale that are often not available to 
individual, on-site mitigation projects (Wheeler and Strock 1995). 

Recent reviews of habitat mitigation programs worldwide (Bean et al. 2008; Madsen et al. 2011; 
USFWS 2013a and b; Bunn et al. 2013) conclude that habitat conservation banking/mitigation 
programs will only achieve results for conservation if they are adequately designed, 
implemented and enforced. Further, these programs must be mandated by regulation, rather 
than voluntary in nature. The state of California provides a good example in that “California 
has well-defined laws that create the infrastructure for species conservation banking. Therefore 
it has fifty endangered species/habitat banks while the rest of country has ten” (ten Kate et al. 
2004). In their recent review of California’s conservation banking program, Bunn et al. (2013) 
cited the strengthening of standards for approving new banks, designing and evaluating 
monitoring programs and reviewing conservation performance through either statute or 
regulation as a needed reform. 

In order to avoid arbitrary project-by-project decisions, conservation banking requirements 
must be undertaken in accordance with consistently applied principles (Bean et al. 2008). 
Accordingly, conservation banking requires the determination of what will be counted as 
“currency” (Bean and Dwyer 2000; Sohn and Cohen 1996) in what is referred to as the habitat 
transaction method (Nash 2008). The two main types of currency “traded” to date in other 
programs across the United States are acres and habitat functions. The method of calculating 
bank credits should be the same for calculating matching project impact debits.  

A general rule is that the compensatory mitigation should be in place concurrent with, and 
preferably before, permitted activity. The creation and certification of conservation banks 
should be in place prior to the sale of mitigation credits (Bean et al. 2008). This will decrease the 
regulated community’s uncertainty regarding the availability of endangered species mitigation 
and reduce the time delay associated with getting permit approval (Bonnie 1999). In addition, 
this will provide the conservation community greater certainty as to the success of the habitat 
enhancement/restoration actions before any “loss” from development activity takes place.  

Another consideration is the determination of the service area for a species conservation bank, 
i.e., the geographic region where the adverse impacts of development projects can be covered 
by a particular conservation bank. While undertaking habitat mitigation in close proximity to 
the impacted location is preferred, in practice, service areas should be as large as possible so as 
not to have “thin” non-competitive markets (i.e., too few players). The USFWS Guidance (2003) 
suggests that the service area should be justified based on species conservation considerations. 
Ideally, the banks should be located within areas designated by species recovery plans as 
“recovery units.” If there is no official recovery plan for the species, the bank location and 
service area should be based on considerations such as the population structure and 
distribution of listed species. Additional geographic considerations such as ecoregional or 
watershed boundaries may also be incorporated (Bean et al. 2008). 
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Our goal of many species conservation banking is the no net loss of habitat value, not 
necessarily habitat area. No net loss implies that development actions may proceed only if the 
mitigation offsets used provide for a ‘net maintain or improve outcome’ in terms of habitat 
value. Basically what results is a form of “cap-and-trade” system with the cap being the existing 
amount of habitat value (Sohn and Cohen 1996). In some respects, the goal of the T&E species 
program is to increase the populations of listed species such that they are no longer in danger of 
extinction or extirpation. Thus one might consider that the goal of any conservation banking 
program should be a “net gain” in habitat area, rather than just maintaining the status quo. 
While there are no “hard and fast” rules, ratios of newly protected or restored habitat to 
impacted habitat of 1.5:1 or 2:1 are fairly typical (ten Kate et al. 2004). Even with 2:1 ratios, 
concern over the ability to meet no net loss mandates is warranted. Critiques of the US wetlands 
mitigation programs suggest that wetlands mitigation has not succeeded in its no net loss goals, 
in that the reduced quality of the “restored” areas does not balance that of the converted or 
impacted wetlands (Turner et al. 2001). Similarly, concerns about Australia’s biobanking 
program (similar to species conservation banking but expanded to consider whole ecosystem 
biodiversity) suggest that the concept of no net loss is flawed in that a trade between areas (i.e., 
preservation protection alone) does not necessarily result in a net gain (Burgin 2008). Gardner et 
al. (2013) suggest that biodiversity offsets are rarely adequate for achieving no net loss of 
biodiversity alone. To hope to be successful, biodiversity gains must be comparable to losses, be 
in addition to conservation gains that may have occurred in absence of the offset, and be lasting 
and protected from risk of failure. Our proposed conservation banking system for T&E species 
tries to incorporate these recommendations and takes a precautionary approach in advocating 
for no net loss of habitat value. 

In conclusion, conservation banking provides many advantages to the development community 
in that it simplifies mitigation requirements and reduces costs. The following is based on the 
state of California’s nearly twenty years of experience with conservation banking (CDFW 2012). 
There is no need to: 
 

• secure a habitat mitigation project site, 

• legally protect the mitigation site in perpetuity, 

• develop and implement a mitigation project plan, or 

• monitor and maintain the mitigation. 

This in turn leads to: 

• Greater flexibility in initial development siting, 

• Cost reductions over “do it yourself” mitigation together with greater cost certainty, 

• “One stop” permit compliance,  

• Decreased permit wait time as purchase of bank credits immediately satisfies the 
mitigation requirements of the permit. 

The advantages of the proposed conservation banking program to New Jersey’s T&E species is: 

• Incentives to develop marginal, lower value vs. higher habitat value areas, 

• Protection and restoration of larger, more functional and viable wildlife habitat areas, 
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• No temporal loss of habitat value because protection/restoration is completed before the 
impacts occur, 

• Management and ownership by endangered species professionals, 

• ‘‘No Net Loss’’ in habitat value at minimum, often with a gain of habitat acres, 

• Permanent protection in the form of a conservation easement or fee title held by a 
qualified conservation entity, enforced by a qualified third party. 

The advantages of the proposed conservation banking program to New Jersey’s conservation 
and natural resources management community is: 

• Proactive planning to identify core habitat and connecting landscape corridors, 

• Enhanced funding for fee simple purchase/conservation easements to protect priority 
habitat and corridors, 

• Enhanced and stable source of stewardship funding for ecological restoration and 
habitat enhancement actions. 

Components of the Proposed New Jersey Conservation 
Banking/Habitat Mitigation Program 

The following are recommended components for New Jersey’s Conservation Banking/Habitat 
Mitigation Program for all of New Jersey’s listed T&E species (NJDEP 2013). Where NJ listed 
species are also federally listed species, federal ESA law supersedes New Jersey law. The 
proposed conservation banking program is for New Jersey listed species only, though there 
may be advantages for the state to work with the USFWS to develop a coordinated state-federal 
program. The terminology is adapted from USFWS 2012, California Department of Fish & 
Wildlife 2012 and Bunn et al. 2013. 

Conservation Bank Trust (CBT) 

A CBT is similar to the role of the Conservation Bank Review Team in the USFWS 2003 
guidance. The New Jersey CBT should be established to act as signatories to bank agreements, 
be responsible for handling endowments, and oversee the establishment, use, and operation of 
conservation banks. Similar to the Wetlands Mitigation Council established by the New Jersey 
Freshwater Wetlands Protection Act, the CBT should be independent of the NJDEP. The 
Natural Lands Trust could serve in the role of a CBT to coordinate and oversee the state’s 
Conservation Banking/Habitat Mitigation Program. Rather than establishing multiple CBTs 
with one team for each conservation bank project (as originally proposed in the USFWS 2003 
guidance), we are proposing the establishment of a single CBT with oversight of the entire 
statewide program or alternatively, one CBT per service area. 

Conservation Bank Sponsors 

Conservation Bank Sponsors could be any public or private entity responsible for establishing 
and, in most circumstances, operating a conservation bank. While permittee-responsible 
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mitigation (either on-site or off-site) would be allowed, where there would be extensive habitat 
enhancement (as compared to strictly habitat preservation via purchase/easement) as part of 
the mitigation, then the mitigation should be enrolled formally as a conservation bank to ensure 
that management continues long-term under a responsible party. 

Fee Title or Easement 

Conservation banks should be protected in perpetuity either by purchase of fee title or by 
easements on the land to ensure it is managed for conservation values. A key decision is who 
will own the land or hold the easement. A conservation bank sponsor may initially own a bank 
but later transfer ownership to the state or to a nonprofit land management firm. 

Credit and Debit Values 

A credit is a unit used to quantify the species or habitat conservation values within a 
conservation bank. A debit is a unit used to quantify adverse impact to species or habitats of 
concern on lands being developed. We are proposing that credits/debits be based on a 
quantification of “wildlife habitat value” grounded in sound conservation biology principles as 
measured by species habitat area, intactness, and contiguity. Implicitly, areas of higher habitat 
value are able to support larger, more viable populations for a species in question. We posit that 
1) not all land areas have equal habitat value; and 2) the value of a tract of land as habitat for 
listed T&E species may be raised in many cases through enhancement or restoration actions.  

The responsible state agencies (NJDEP Land Use Regulation Program in consultation with the 
Endangered & Nongame Species Program) decide how many credits must be purchased to 
offset the impact of a development project, and these terms are a requirement for mitigation and 
permit approvals. Alternatively, in-lieu fees may be assessed for development projects that do 
not meet a pre-determined threshold in terms of project area or impacted habitat value. These 
in-lieu fees would go into an account held by the CBT to purchase conservation bank credits.  

Fees may be levied by the responsible state agency to support the permit review and approval 
process.  

As a general rule, a single development project may impact more than one species and thereby 
generate the debits for multiple listed T&E species. Similarly, a conservation bank may house 
more than one listed species and thereby also sell credits for more than one species. A 
conservation bank may sell credits to offset debits incurred by more than one development 
project, however an individual species credit can only be sold once. A conservation bank can 
only sell credits after it is up and running and certified as meeting the habitat needs for the 
target species.  

In light of these concerns, we advocate that the state of New Jersey take a measured, phased 
approach to conservation banking and err on the side of caution by advocating for a “net gain” 
in habitat value. This could be accomplished by ratios of newly protected/enhanced habitat to 
impacted habitat of 2:1 at a minimum.  
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To more fully understand the economic ramifications of the proposed debit/credit offset system 
and the resulting monetary prices for credits, we propose that an economic analysis be 
undertaken. 

Service Area 

The service area is a geographic region where the adverse impacts of development projects can 
be covered by a particular conservation bank. The service area should be justified based on 
ecological considerations, including eco/physiographic region boundaries as well as the 
population structure and distribution of listed species. As there are no official recovery plans for 
New Jersey state-listed threatened and endangered species, geographic recovery units have not 
been designated for individual species. As a starting point, we propose that the service areas for 
individual listed species follow either the ENSP Landscape Project Landscape Regions (Figure 
4) or the NJDEP Division of Land Use Regulation ecoregions (Figure 5) and must be approved 
by the NJ ENSP. We also advocate that the service areas should be somewhat flexible such that 
the services areas for an individual species might be modified based on that species needs (i.e., 
individual regions in Figure 4 might be combined or split as needed). 

Endowment and Financial Commitments 

To cover the costs of management and monitoring in perpetuity, conservation banks should 
establish a non-wasting management endowment (i.e., a fund that generates enough interest 
each year to cover the costs of the yearly management and in which only the interest on the 
endowment funds is spent each year). This endowment could be established by including the 
cost of management into the price per credit. A key issue to address in bank agreements is how 
to ensure funding of management and monitoring in the first few years of the bank operation, 
prior to full investment in the endowment from the sale of credits. In addition, if a bank is 
failing to meet conservation performance goals, financial commitments for managing the bank 
site may be secured with bonds or other means. The CBT will be responsible for holding and 
managing stewardship endowments. In addition, the CBT will hold and manage in-lieu fee 
payments for investments in conservation banks.  

The CBT will be funded by a fee assessed for each conservation banking transaction. 
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Figure 4. Map of ENSP Landscape Project landscape regions. 

 

Figure 5. Map of Land Use Regulation Program ecoregions. 
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Site Management Plan 

Bank agreements must include a management plan and designated management entity (bank 
sponsor), usually a third-party organization that is responsible for implementing conservation 
measures — such as habitat management, restoration or creation — and for managing the site in 
perpetuity. Implementation of habitat mitigation should only be outsourced to a third party 
organization, either governmental or nongovernmental, with appropriate interest and 
qualifications in conservation. 

These management responsibilities may be transferred. For example, a bank sponsor may 
provide management during the habitat creation phase and then transfer management to the 
state or a nonprofit for ongoing maintenance of the site. Bank agreements should require that 
annual management reports be submitted to wildlife agencies. 

Monitoring Plan 

Conservation banks should establish a monitoring program to determine whether biological 
goals are being met as well as to inform adaptive management (adjusting management actions 
in the field based on changes detected through monitoring). Monitoring results are included in 
the annual management reports. 

Conservation Banking Glossary (adapted from USFWS 2003 
and 2012) 

Bank Sponsor - any public or private entity responsible for establishing and, in most 
circumstances, operating a conservation bank. 

Conservation Actions - the restoration, enhancement, or preservation of species habitat for the 
purpose of reducing adverse impacts to listed species populations. 

Conservation Bank - a site where habitat and/or other ecosystem resources are conserved and 
managed in perpetuity for listed species expressly for the purpose of offsetting impacts 
occurring elsewhere to the same resource values. 

Conservation bank review team - an interagency group of Federal, State, and/or local 
regulatory, resource agency or other representatives that are signatory to bank agreements and 
oversee the establishment, use, and operation of conservation banks. In the case on New Jersey, 
we are proposing to name this entity as the Conservation Bank Trust.  

Conservation Easement - a recorded legal document established to conserve biological 
resources in perpetuity, and which requires certain habitat management obligations for the 
conservation bank lands. 

Credit - a unit of measure representing the quantification of species or habitat conservation 
values with in a conservation bank. 
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Endowment Fund - an investment fund maintained by a designated party approved by the 
Service as a non-wasting endowment to be used exclusively for the management of the 
conservation bank lands in accordance with the management plan and the conservation 
easement. 

Debit - a unit of measure representing the adverse impact to a listed or sensitive species at an 
impact or project site. 

Enhancement - activities conducted in existing species habitat, or other resources, that increase 
one or more ecosystem functions. 

Fee title - a fee title estate is the least limited interest and the most complete and absolute 
ownership in land; it is of indefinite duration, freely transferable and inheritable. 

Management Plan - the plan prepared to manage the conservation bank to, at a minimum, 
maintain the listed species value on the bank. This includes on-the-ground management 
activities, funding, and monitoring and reporting requirements. 

Non-wasting management endowment - an account that generates enough interest each year to 
cover the costs of the yearly management. 

Off-site conservation - conservation actions occurring outside the boundaries of a project site. 

On-site conservation - conservation actions occurring within the boundaries of a project site. 

Preservation - the protection of existing ecologically important habitat or other ecosystem 
resources in perpetuity through the implementation of appropriate legal and physical 
mechanisms. 

Restoration - reestablishment of ecologically important habitat and/or other ecosystem resource 
characteristics and function(s) at a site where they have ceased to exist, or exist in a 
substantially degraded state. 

Service area - the geographic area (e.g., watershed, county) wherein a bank can reasonably be 
expected to provide appropriate conservation benefits for impacts to habitat and off-site 
impacts can be offset by purchase of credits in the bank. The geographic area for which a 
conservation bank’s credits may be applied to offset debits associated with development 
activities. 

Wildlife Habitat Value - the unit of measure of species or habitat conservation values impacted 
at a development project site (as a debit) or contained within a conservation bank (as a credit). 



Creating a More Effective Protection of Endangered and Threatened Species Habitat Through Conservation 
Banking 
February 14, 2014 
R.G. Lathrop, L.J. Niles, M.E. Conroy, J.A.M. Smith, and M.S. Danihel 

 22 | P a g e  

 

Wildlife Habitat Value Debit/Credit Quantification Model 

We are proposing a quantification of “wildlife habitat value” to serve as the “currency” to 
determine credits/debits for the proposed wildlife habitat value trading system. Our metric of 
habitat value is grounded in sound conservation biology principles as measured by species 
habitat area, intactness, and contiguity. Implicitly, areas of higher habitat value are able to 
support larger, more viable populations for a species in question. We posit that 1) not all land 
areas have equal habitat value; and 2) the value of a tract of land as habitat for listed T&E species 
may be raised in many cases through preservation, enhancement, or restoration actions. To 
calculate and map habitat value we have created a geographic information system (GIS) model 
that can be easily replicated and refined in the future. This model has two parts: 1) quantifying 
the habitat value of existing documented habitat areas; and, 2) quantifying the potential for 
increasing habitat value through conservation actions.  

The first part of the model creates a consistent and quantitative map of habitat value for listed 
threatened and endangered species in New Jersey for the entire state of New Jersey. This model 
not just delineates habitat, but also scores all habitat with a relative value of 0 to 100 on a per 
acre basis. From the map, one can identify the extent and value at risk for any piece of property 
in New Jersey. This is the value that would be lost if the property were developed, thereby 
representing a debit that must be matched with an equivalent credit value multiplied by the 
selected multiplier such that there is a no net loss of habitat value. Credits can be earned in two 
ways; by increasing either the preservation status of another property by changing ownership 
to some sort of permanent conservation ownership or easement, or through some sort of habitat 
enhancement or restoration action on that other property to benefit the species in question. Each 
of these options is quantified in the model. All of this is on a per species basis. 

Habitat Value Quantification Model  

The habitat value model has two main components (Figure 6). The first component determines 
habitat value statewide by scoring each acre on a value scale from 0 to 100 with 0 = non-habitat 
and 100 = excellent habitat for each listed T&E species of wildlife, given that the species is 
known to reside there. The resulting map forms the basis for the quantification of the habitat 
value debits and credits. Given a GIS file of the prospective development boundaries, the 
impacted habitat value for listed T&E species can be quantified (i.e., the debit). By changing the 
boundaries of the development footprint, a developer could potentially decrease the amount of 
impacted habitat value. The Habitat Value Model can also be used to assess potential 
conservation bank locations and the potential credits gained from a change in preservation 
value such as a change in ownership to a permanent conservation easement or some other type 
of permanent conservation ownership or an enhancement of habitat quality for the species in 
question.  
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Figure 6. Flowchart of Habitat Valuation modeling and Debit/Credit Quantification. 
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Habitat Value 

The habitat model calculates a habitat value for selected T&E species. The modeled species were 
those that are more wide-ranging (i.e., have larger home range sizes) or have greater spatial 
distribution across the state. Some species that are very rarely occurring or have restricted 
habitat requirements were deemed to be irreplaceable and not “tradeable” in a species 
conservation banking context, and thus were not modeled. The existing Landscape Project 3 
habitat mapping would serve “as is” to characterize the habitat value for those species. The 
descriptions and procedures below apply to each of the modeled species individually. For more 
detailed information please refer to Appendix B.  

 

Figure 7. More detailed flowchart for Habitat Value model. 

The Habitat Value is made up of three measures that are weighted together for the final Habitat 
Value (Figure 7). These measures are Percent Habitat, Percent Core Habitat, and Contiguity. 
The basis for all three measures is the land use/land cover map of New Jersey and surrounding 
states. In addition, information from the NJDEP ENSP Landscape 3 project is used. For the GIS 
modeling, a base layer of 50 ft. grid cells is used. (This grid cell resolutions was chosen to 
provide a reasonable degree of spatial detail but also allow for efficient statewide GIS 
processing.) The values are created for each 50 ft. square section (pixel) of New Jersey then 
aggregated to give a per acre measure. 

The land use/land cover maps are used in conjunction with the Landscape 3 habitat definitions 
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to determine which areas are potential habitat, which are neutral (meaning the wildlife in 
question would likely travel through or not completely avoid the area in question but would 
not live there), and which are non-habitat. Furthermore, a buffer of 300 feet is calculated around 
the non-habitat and the habitat that does not fall within the buffer is deemed core habitat for 
this model. Thus, there are four categories of land for each species:  non-habitat, neutral, edge 
habitat (habitat but not core habitat), and core habitat. 

The percent habitat value is calculated per pixel by contemplating the scenario in which the 
pixel receiving the value is the center of a circular home range the size of the average home 
range of the species in NJ (based on Landscape 3 project documentation). The percentage of that 
circle that is habitat (core or edge) is then calculated and multiplied by 100 to provide the value 
for the pixel. Thus the values for percent habitat run from 0 to 100 with 100 signifying that the 
entire circular home range centered at that pixel is habitat for the species. 0 signifies that not one 
pixel within the circular home range centered at the pixel receiving the value falls into the 
habitat category. 

The percent core habitat value is calculated analogously except by measuring the amount of 
core habitat in the circular home range surrounding each pixel. 

The contiguity value is a measure of how large an area of habitat (core or otherwise) can be 
accessed by the species by travelling through habitat or neutral and by crossing roads of certain 
types. The larger the area of habitat accessed, the higher the contiguity value. Similar to the 
percent habitat and percent core habitat, the value is on a scale of 0 to 100. In order to quantify 
this value, core habitat, habitat, and neutral are clumped. Roads determined to be difficult for 
the species to cross are then subtracted from the clumps so that the original clumps are cut by 
the roads into smaller clumps. Please refer to Appendix B for more detail.  

The amount of habitat in each of these smaller clumps is measured. Clumps with area less than 
one home range receive a contiguity value of 0. The contiguity value on a scale of 0 to 100 is the 
amount of habitat in each clump divided by the amount of habitat in a stated number of home 
ranges multiplied by 100 and limited to 100. These are rounded to whole numbers. Please refer 
to Appendix B for more detail. 

The percent habitat value, core percent habitat value, and contiguity value are weighted equally 
and composited together to determine the Habitat Value for each species for each pixel. 
Landscape Project 3 GIS data for each species is used to “mask” the composited habitat value 
data such that only habitat designated as potential habitat in Landscape 3 Project GIS maps is 
given a nonzero value. The end result is a map layer with Habitat Values for each species. This 
value measures the quality of the habitat using a scale of 0 = non-habitat up to 100 = highest 
quality habitat. 

The per pixel values are translated into per acre values. In determining the habitat value for an 
individual property, the values are additive. Thus a piece of property one acre in size has a 
Habitat Value between 0 and 100. A two-acre property has a Habitat Value between 0 and 200. 
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Calculation of Conservation Credits 

The second section of the model calculates potential mitigation values that could be realized for 
prospective conservation bank properties. This section of the model starts with the Habitat 
Values from the previous section, which are then modified for Habitat Preservation Value and 
Enhancement Value. Preservation Value measures the protection afforded the property in terms 
of probability of change in use; it is a composite value based on the ownership of the property 
and the likelihood of property within such ownership to change land use to the detriment of 
endangered and threatened species. Lands enrolled in a conservation bank (i.e., put into 
permanent public ownership or easement with natural lands or wildlife habitat management as 
their highest priority) would receive the highest Habitat Preservation value of 1.0 or 100%. 
Lands preserved as public open space but not as a fully certified conservation bank could 
receive some lower weighting (i.e., < 100%). The Habitat Enhancement Value represents the 
incremental increase in the land’s carrying capacity for the target species as a result of proactive 
habitat enhancement actions. For example, these actions could include vegetation management 
(e.g., maintaining early successional vegetation or invasive species removal), other species 
management (i.e., removal of deleterious competitors or predators) or by preserving/creating 
dispersal corridor connectivity. Habitat Enhancement Value ranges from 0% to 50% (0 – no 
additional value; 25% –positive but not optimal value; 50% - optimal value); these values are in 
addition to the Preservation Value allowing a total value of 150% of Habitat Value. Habitat 
Enhancement Value is a smaller portion of the total due to the comparative uncertainty of 
habitat enhancement actions on raising species population status. As greater knowledge and 
experience is developed, the Enhancement Values can be modified in the future.  

Offsetting Debits with Credits 

The debits calculated in the first section are then balanced with credits acquired through 
participation in the conservation banking system. Below is a simplified yet realistic example to 
explain how the calculation of debits and credits is done and to show a comparison of a 
development parcel and a conservation bank parcel that generates those debits and credits. 

To begin our example, assume that a 25-acre parcel will be developed. This parcel contains a 
generic T&E species (Species A) habitat and no other endangered or threatened species are 
known to use this parcel of land. According to the Habitat Value model, this 25 square acre area 
(represented as one square per acre below) has a corner of habitat and subsequently has the 
following habitat percent: 

 

The following habitat core percent: 
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0 0 10 12 12
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The following contiguity values (as it is within reach of a fairly large amount of habitat) 

 

These values average together to give the following table of Habitat Values: 

 

The sum of the values is the total Species A debit for the parcel and equals 430. Assuming that 
the development footprint removes all of the habitat on the parcel, the developer of the parcel 
will offset 430 debits. The number of offsetting credits depends on the required Credit:Debit 
ratios required to reach Non Net Loss of Habitat Value. For example, at a 2:1 Credit:Debit ratio 
860 credits would be needed to offset the 430 debits.  

The following portion of the example shows how credits might be created by a conservation 
bank or by a mitigation procedure. 

In example A, assume there is another piece of private property also 25 acres within the 
designated service area. This property has been preserved as a conservation bank for the target 
species, but that no special management will be undertaken to increase the carrying capacity for 
the species (i.e., Habitat Enhancement weighting factor = 0.0 or 0%). As an approved 
conservation bank, the full value of the Habitat Value credits is available for sale (i.e., the 
Habitat Preservation + Habitat Enhancement weighting factor = 1.0 or 100%), which adds up to 
1200 credits. 
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In Example B, there is a 50-acre conservation bank within the service area. This area has a lower 
initial habitat value of 690. 

5 5 10 10 20 20 10 10 15 15 

5 5 10 10 20 20 15 15 20 20 

5 5 10 10 20 20 15 15 20 20 

5 5 10 10 20 20 15 15 20 20 

15 15 10 10 10 10 20 20 20 20 

 
If the property was enrolled in a conservation bank and the habitat is proactively managed to 
increase the Habitat Enhancement Value by 0.25 or 25% (i.e., the Habitat Preservation + Habitat 
Enhancement weighting factor = 1.25 or 125%), then the overall weighting factors values = 125% 
(preservation + enhancement) for a total number of credits of 862.5. 
 

6.25 6.25 12.5 12.5 25 25 12.5 12.5 18.75 18.75 

6.25 6.25 12.5 12.5 25 25 18.75 18.75 25 25 

6.25 6.25 12.5 12.5 25 25 18.75 18.75 25 25 

6.25 6.25 12.5 12.5 25 25 18.75 18.75 25 25 

18.75 18.75 12.5 12.5 12.5 12.5 25 25 25 25 

 
In Example C, there is an existing 125-acre property that is already preserved as public 
conservation land but that receives no special species-oriented management. The sum total of 
initial Habitat Value for the entire property is 1725 (i.e., the property is similar in character to 
Example B above but 2.5x as large). This property is then enrolled into a conservation bank and 
actively managed for the target species. In this case the Habitat Preservation weighting factor = 
0 (already preserved, so no credit given) but the Habitat Enhancement factor is 0.25 or 25%, 
giving an overall weighting factor of 0.25 or 25%. The sum total of credits is 25% of 1725 = 431.5.  

Options to Achieve No Net Loss of Habitat Value at Regional Scales  

The following mock “thought experiment” examines different options for achieving the goal of 
No Net Loss of Habitat Value at the scale of a service area or other geographic region. In this 
example an area of 100 units with varying habitat value is progressively developed over several 
time steps until buildout. As area is progressively developed and debits generated, these are 
balanced by credits generated by land being enrolled in a conservation bank. In the first 
scenario both the debit value and the credit values of the developed and conserved land 
respectively equal 100% of their habitat values. Two different Credit:Debit ratio options are 
evaluated (1:1 and 2:1 Credit:Debit ratio). [Noted on the chart as “Hab 100%”.] In the second 
scenario, it is assumed that the habitat value of the conservation bank credits are boosted by a 
factor of 1.5 (i.e., the habitat value of the conservation bank achieved through proactive species 
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management/habitat enhancement actions is 1.5 times the value of the land if strictly preserved; 
Habitat Preservation weighting factor of 1.0 + the Habitat Enhancement weighting factor of 0.5 
= total weight of 1.5 or 150%) and this increased value is given as a credit; the debit value = 
100% of the habitat value of the property developed, but the credit value = 150% of the land 
conserved. [Noted on the charts as “Hab 150% credit given”.] In the third scenario it is also 
assumed that the habitat value of the conservation bank credits are boosted by a factor of 150%, 
but that the boosting is subsequent to the credit evaluation; , this extra 50% boost in value is not 
made available for sale as a credit. [Noted on the charts as Hab 150% after credit.] 

 

Figure 8. Habitat Area under the different scenarios. 

From Figure 8, one can see that Habitat Area is not preserved at the regional scale under any of 
the scenarios. The loss of habitat area will depend on the variation in habitat values across the 
landscape. Habitat Value decreases as well except for under one set of conditions: where the 2:1 
Credit:Debit ratio and a 1.5x increase in Habitat Enhancement Value (Figure 9). Thus to achieve 
Non Net Loss of Habitat Value, a 2:1 Credit:Debit ratio is needed at a minimum and assuming 
that a 1.5x increase of habitat value is feasible through habitat preservation and enhancement 
actions, but not made available for trading (i.e., to offset debits). Achieving a 1.5x increase for all 
the listed T&E species is potentially feasible but is not directly supported by the existing body of 
scientific research at this time. Additional research is needed to evaluate the feasibility of best 
management options in increasing T&E species populations (i.e., what is the maximum value 
one can expect for the Habitat Enhancement weighting factor). 
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Figure 9. Habitat Value under the different scenarios. 

In conclusion, due to the inherent risk and uncertainty in offsetting development debits with 
conservation bank credits, we recommend a precautionary approach through the adoption of a 
2:1 Credit:Debit ratio at a minimum to achieve a no net loss of habitat value. One could argue 
that even a higher 3:1 Credit:Debit ratio is warranted. While extant species recovery plans could 
help inform this decision, we suggest that the proposed system can move forward separate 
from or in tandem with the development of species recovery plans. By implementing the 
proposed approach under an adaptive management framework, decisions concerning the 
adequacy of a 2;1 Credit:Debit ratio and/or whether habitat enhancement/restoration actions 
are sufficient in achieving the envisioned gains can be re-evaluated on a regular basis and 
revised accordingly. 
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Appendix A: Conservation Banking Roles and Responsibilities 

The following is proposed as a more detailed outline of the roles and responsibilities of state, 
county and municipal agencies, and non-profit organizations in the New Jersey species 
conservation banking program. The New Jersey state government will regulate the no net loss 
approach to wildlife habitat valuation and develop incentives and regulations to encourage and 
enforce participation.  

State Level 

1. The state will develop regulations to establish the species conservation banking 
program. Participation will be enforced by regulation rather than voluntary in nature.  

2. The state will set up a Conservation Bank Trust to oversee and coordinate the species 
conservation banking program. 

3. The state will designate some entity as responsible for the wildlife habitat value (WHV) 
modeling/mapping process. This could be ENSP, or some third party under contract. As 
part of the mapping process, we propose the following steps.  

a. Allow every county to review NJDEP land use/land cover (LU/LC) mapping 
and to coordinate municipal and public input that will update LU/LC data. Use 
2012 LU/LC data as baseline. 

b. The New Jersey Office of GIS to compile and quality control LU/LC updates and 
modify as appropriate. 

c. The designated WHV mapping entity will undertake the habitat value modeling 
and mapping and release draft WHV mapping. Overall values and weights in 
the model will be set by the WHV entity with input from an outside academic 
review committee and approved by the NJDEP Endangered & Nongame Species 
Program (ENSP). These will be periodically reviewed and updated. 

d. Allow every county to review and coordinate municipal and public input on the 
resulting WHV mapping and forward recommended changes to the WHV 
mapping entity.  

e. The Statewide WHV mapping entity will compile, QC, modify as appropriate, 
and release draft final WHV maps. Disputes will be settled by ENSP. The final 
maps will be certified and then released by ENSP. 

f. The State shall create an online resource that allows county and municipalities 
and the development community access to WHV maps.  

County and Municipal Level 

1. The statewide WHV mapping entity will create mapping that identifies conflicts 
between existing county/municipal planning and zoning maps and WHV mapping. 
Maps will provide planners with guidance on degree of conflict: 

Green – no conflict 

Yellow – resolvable conflict/replaceable habitat 
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Red – irresolvable conflict/ irreplaceable habitat 

2. Municipalities and counties will update their master planning as they deem appropriate.  

Permitting Process 

1. The state will create a process for training or certifying consultants and create a list of 
qualified consultants to work with the WHV mapping and debit/credit calculation 
protocol. 

2. Qualified consultants and planners will use the WHV mapping to identify the 
potentially impacted T&E species and to calculate the debits incurred by a proposed 
development plan. 

3. The developer will submit the WHV debits calculation to the NJDEP Land Use 
Regulatory Program for certification as part of the permitting process, who will approve 
or disapprove the calculation of lost value.  

4. The developer will (a) apply to a conservation bank to purchase the required number of 
WHV credits for the identified T&E species, or (b) undertake a permittee-responsible 
habitat mitigation either on- or off-site. This alternative habitat mitigation must follow 
the rules of a normal conservation bank and be enrolled and approved as such.  

5. The developer will submit evidence of meeting the WHV mitigation debit obligation to 
the NJDEP Land Use for final certification of meeting the no-net-loss of WHV 
requirements.  

6. Counties (or NJDEP Land Use) will maintain a GIS database of each WHV transaction 
and will provide the GIS database and a yearly summary of the values gained and lost 
for each municipality to the NJDEP.  

Mitigation Banking System 

1. A statewide entity called the Conservation Bank Trust (CBT) will be responsible for 
oversight of species conservation/habitat mitigation banking. 

a. Create a registry of certified conservation banks 
i. Develop standards for the development of mitigation banks 
ii. Certify individual banks for specific species 
iii. Solicit new projects that could serve as the basis for new banks 

b. Create two alternative methods of purchasing credits 
i. Establishing and operating a trading platform for the orderly 

exchange of credits between developers and conservation banks 
ii. Receiving and holding in lieu payment that would then fund 

conservation banks/projects submitted by conservation banks 
2. The CBT will work with ENSP to determine best management practices for all T&E 

species for use by conservation banks and will provide technical guidance and training 
to conservation banks and consultants to implement recovery management techniques.  

3. Conservation banks must follow established best management practices in proposing 
active management projects. 

a. WHV suitability and management plans will be evaluated and approved 
by the CBT before initiation of a selected mitigation project. 

b. The CBT will certify the number of credits gained/earned. 



Creating a More Effective Protection of Endangered and Threatened Species Habitat Through Conservation 
Banking 
February 14, 2014 
R.G. Lathrop, L.J. Niles, M.E. Conroy, J.A.M. Smith, and M.S. Danihel 

 37 | P a g e  

 

c. The conservation banks will be responsible for ensuring that management 
plans are implemented. 

4. The NJDEP ENSP and CBT will review the conservation banks’ projects every three 
years to ensure that the projects are following BMPs for the target T&E species. 

a. This review would provide the basis for adaptive management of 
individual species’ habitats and best management practices. 

b. The CBT will notify conservation banks that are out of compliance. 
Noncompliance will threaten the conservation bank’s certification.  

Funding Mechanism 

1. The conservation credit costs shall incorporate stewardship endowment monies to 
support long-term management. The CBT will be responsible for managing the 
stewardship endowment. 

2. Fee assessed on each transaction to fund: 
a. The CBT will be funded by a fee assessed for each mitigation banking 

transaction. 
b. The State (e.g., NJDEP Land Use, ENSP, NJDEP OIG, the Habitat Value 

Mapping Entity) will be funded by fees associated with the permitting 
process. 
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Appendix B: Wildlife Habitat Value Debit/Credit 
Quantification Model for Use in Conservation Banking 

Introduction 

The Rutgers University Center for Remote Sensing & Spatial Analysis (CRSSA) and the 
Conserve Wildlife Foundation of New Jersey, at the behest of the New Jersey Department of 
Environmental Protection, have developed a Wildlife Habitat Value Debit/Credit 
Quantification Model for use in the conservation banking system. This document serves as the 
technical documentation of the methodology employed.  

One problem of current conservation banking systems is that there is a lack of consistency and a 
difficulty reaching agreement on the number of credits warranted by the wildlife values at the 
conservation banking site (Bunn et al. 2013). This method attempts to pre-emptively solve this 
problem by valuing wildlife habitat across the state in a consistent, scientifically-based way. The 
Wildlife Habitat Value of any tract of land is a function of the landscape scale characteristics of 
the habitat. The model gives higher value to areas that have a high proportion of potential 
habitat (i.e., land cover types known to be used by the target species as part of its life cycle), that 
are comparatively un-fragmented (referred to as a core or interior habitat) and that are 
contiguous with other documented habitat areas for the target species. Land is categorized as 
Threatened & Endangered (T&E) Species habitat only if it fits the New Jersey Landscape 3 
Project definition of habitat (there is a documented sighting within the landscape habitat patch).  

This appendix lays out the method to develop a scientifically defensible estimate of wildlife 
habitat value for rare and endangered species. Building on New Jersey’s Landscape Project, this 
geographic information system (GIS) modeling methodology was developed to be able to map 
habitat value at a fine enough scale for site-based planning and decision-making (i.e., at the 
scale of a typical ownership parcel). Users can use the model to estimate existing habitat value 
in a single tract or across a municipality or region. They can then apply changes, either negative 
such as development, or positive such as land management or protection, and recalculate the 
loss or gain in wildlife habitat value.  

The model has been completed statewide using 2007 land use/land cover mapped data; 
however, a new version of the land use/land cover maps (2012), in addition to scheduled 
updates made by the municipalities and through public comment periods, indicate that a new 
set of map layers will need to be completed. This document details the procedures used. In 
addition, there was a previous pilot project completed for the Highlands during which 
additional testing of the methods was completed. This will be discussed where relevant. 

Background: Wildlife Habitat and the Impact of Fragmentation 

Large contiguous tracts of forest, wetland and grasslands (i.e., natural habitat) that are not 
fragmented by human development are especially valuable as wildlife habitat. Human 
development has the direct impact of removing existing natural habitat as well as fragmenting 
the habitat that remains into smaller remnants. Empirical studies suggest that habitat loss has 
large and consistently negative effects on biodiversity, while habitat fragmentation has much 
weaker effects that are often highly species specific (Fahrig 2003). When considered from a 
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landscape perspective, the spatial pattern of the forest remnants may play an important role in 
maintaining connectivity across a watershed and thereby facilitating such important ecological 
processes as dispersal for forest-dependent wildlife species (Gardner et al. 1987; With and Crist 
1995). In highly fragmented landscapes, the habitat quality of the intervening matrix (i.e., 
developed or agricultural lands) can also be important in determining how well species can 
disperse across a landscape as they try to traverse between forest remnants or other habitat 
patches (Franklin 1993; Malanson 2003). In assessing landscape integrity in the New Jersey 
Pinelands, Zampella et al. (2008) were guided by the principle that the conservation of 
characteristic Pinelands animal species, including wide-ranging species, requires the protection 
of relatively large tracts of Pinelands habitat, including upland forests, wetlands and water 
bodies.  

Paved roads, residential and commercial development often serve as a hazard or barrier to 
wildlife movement and native plant dispersal, as well as altering “natural” disturbance regimes. 
Roads of all kinds are associated with negative effects on the biotic integrity of both terrestrial 
and aquatic habitats (Trombulak and Frissell 2000). Human development also has "indirect" 
impact by creating a number of different kinds of intrusions with varying depths of impact into 
adjacent natural habitat and recreational open spaces. These intrusions include increased air, 
water, noise and light pollution; changes in microclimatic conditions due to higher sunlight and 
wind levels; increased populations of invasive “weed” species; and increased frequency of 
disturbance due to direct contact with humans, human pets, and associated “rural/suburban 
pest” species. The border area affected by these disturbances is labeled edge, as compared to the 
undisturbed core or interior forest habitat (Zipperer 1993).  

One reason for the decline of New Jersey’s threatened and endangered species is the loss of 
habitat through forest fragmentation and development pressure (Niles et al. 1999). There are a 
number of other so-called area-sensitive species that depend on large tracts of undisturbed 
interior habitat to maintain viable populations. Large raptors such as red-shouldered hawks 
(Buteo lineatus) and barred owls (Strix varia) are area-sensitive species that require large blocks 
of mature forested wetlands and adjacent upland forest (Niles et al. 1999). In addition, there are 
a number of wide-ranging, area-sensitive mammal species such as bobcats (a state threatened 
species in New Jersey) that rely on large areas of relatively intact forest (Niles et al. 1999). Many 
characteristic Highlands amphibians and reptiles are sensitive to habitat fragmentation and 
human disturbance through a variety of mechanisms. Slow moving amphibians and reptiles are 
especially susceptible to road-kill and are therefore impacted by increasing densities of roads 
and traffic volumes (Mitchell 1992). Timber rattlesnakes (Crotalus horridus), a New Jersey 
endangered species of particular concern in the Highlands, are especially susceptible to roads 
and other human disturbance (Brown 1993; Clark et al. 2010). The federally threatened bog 
turtle (Clemmys muhlenbergii) and state threatened wood turtle (Clemmys insculpta) need 
contiguous blocks of wetland buffered by upland forest.  

Methods 

The numerical GIS modeling protocol used to determine the value of existing habitat areas for 
individual T&E species has two components: 1) determination of intrinsic habitat value; 2) 
determination of potential mitigation value that could be realized for prospective conservation 
bank properties by determining the increase in preservation value along with landscape 
enhancement value. Figure 10 outlines a general work-flow diagram of the approach. 
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Figure 10. Flowchart of Habitat Valuation modeling protocol and Debit/Credit Quantification. 

I. Habitat Value 
 
The determination of Habitat Value is based on the species-specific information 
documented in the NJ Endangered & Nongame Species Program (ENSP) Landscape Project 
Version 3 (LP3). This information includes the land use/land cover types that constitute 
each species’ known habitat, what constitutes core area vs. edge area, and the species’ home 
range or siting diameter size. Additional information on the spatial contiguity of the existing 
habitat patch to nearby habitat was computed. A composite Habitat Value was determined 
for each individual threatened and endangered species by taking a straight average of three 
factors (percent of the surrounding circular home range that is habitat, percent of the 
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surrounding circular home range that is core habitat, and contiguity factor) and rescaling 
this result to a value from 0 to 1.00. 
 
A grid-based modeling approach was employed using the following model steps for each 
species. 

 
A. The NJ Land Use Land cover map was rasterized into 50ft. pixels using NJ State 

Plane projection. A 10 km buffer around the state was created using the national 
land use land cover data. The buffer was included in order to get more correct values 
habitat values near the borders of NJ where habitat patches might extend into 
neighboring states. The original national data was 30 meters by 30 meters and was 
first re-projected to state plane coordinates and recoded into as close to the NJ 
LU/LC categories as possible (Table of changes is listed in the HCP folder under 
HCP\DataModified\RecodeTableBuf_to_NJ) then changed to 50 feet by 50 feet pixel 
size. The NJ and buffer were merged together in a union with maximum value. 
Information on what land use/land cover types constitute habitat for each species 
and home range size comes from the Landscape 3 data available on the DEP 
landscape project website.  

B. Using LP3 rules on Species A habitat Land use/land cover (LU/LC) designations, 
potential suitable LU/LC map is developed for NJ and the surrounding 10 km 
buffer. The land is categorized into three categories: habitat (5), neutral non-habitat 
(10), and altered non-habitat (1) with a thematic output. Figure 11 shows potential 
habitat for barred owl. 

C. A buffer of 300 feet around altered non-habitat was created. Core habitat area was 
calculated as habitat – buffer (Figure 12). 

D. Using the LP3 home range/siting diameter size, the percentage of potential suitable 
habitat (Figure 13) was each calculated using a GIS moving window approach. This 
approach is similar to that employed to characterize landscape integrity in the New 
Jersey Pinelands (Zampella et al. 2008). The value of a pixel is calculated using on a 
circular area centered at the pixel with area equal to the average home range of the 
species as indicated by the LP3. The percentage of the pixels within the circular area 
that are designated habitat multiplied by 100 is the value of the central pixel. This 
represents the amount of the home range centered at the pixel that is habitat. The 
percentage of core habitat in a circular home range surrounding the center was 
calculated analogously (Figure 14). 
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Figure 11. Potential Habitat for Barred Owl (colored in red). 

 

 

Figure 12. Potential Core Habitat for Barred Owl (colored in red). 
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Figure 13. Percent Potential Habitat for Barred Owl. 

 

 

Figure 14. Percentage of Potential Core Suitable Habitat for Barred Owl.  

E. The third measure in the habitat value calculation is a measure of the contiguity of 
the habitat. Theoretically, we would like to give habitat areas higher scores if they 
are within reach of large amounts of other habitat areas. This will take into account 
the size of the current patch as well as the ease of connecting to other habitat patches 
and the size of the connected patches. This is a measure solely the potential habitat 
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(as are the habitat percent and core habitat percent measures). This was completed in 
several steps. 

1. The first step in this is to take the habitat and add to it the neutral landscape 
under the assumption that each species can easily move through habitat that 
is classified as neutral for that species. This may include streams, right-of-
ways and other types of habitat depending on the species.  

2. Next, certain categories of roads are subtracted out of the layer in order to cut 
areas if they are divided by a road that is deemed difficult to cross (Table 1). 

 
Table 1. Roads viewed as barriers to movement of endangered and threatened species. 
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Barred Owl X X X X    X  

Timber Rattlesnake X X X X X X X X  

Blue-spotted Salamander X X X X X X X X X 

Bobcat X X X X    X  

Indiana Bat (roost/breeding) X X X X    X  

Indiana Bat (hibernaculum) X X X X    X  

Bobolink X X X X    X  

Grasshopper Sparrow X X X X    X  

Long-eared Owl X X X X    X  

Long-tailed Salamander X X X X X X X X X 

Northern Goshawk X X X X    X  

Red-headed Woodpecker X X X X    X  

Red-shouldered Hawk X X X X    X  

Savannah Sparrow X X X X    X  

Vesper Sparrow X X X X    X  

Wood Turtle X X X X X X X X X 

Bog Turtle X X X X X X X X X 

Black-crowned Night-Heron (foraging) X X X X    X  

Black-crowned Night-Heron (nesting) X X X X    X  

Great Blue Heron X X X X    X  

Northern Pine Snake X X X X X X X X  

Xs indicate which roads are viewed as barriers and used to cut the contiguous clumps. 

 
3. The next step is to clump the habitat plus neutral minus roads. The object 

here is to make “superclumps” of patches of habitat that are within travelling 
distance of each other (Figure 15). Then the patches of habitat within these 
superclumps will be given a value based on the amount of total habitat 
within the superclump. A superclump containing more habitat will get a 
higher value. 
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Figure 15. Habitat plus neutral minus roads for Barred Owl. 

4. Superclumps were sieved so that areas less than one home range are not 
included. Remaining value is normalized by dividing by the area in a 
number of home ranges that represent a large “sustainable” population 
(Table 2). The numbers used are draft and need further vetting by the 
Science/Technical Advisory workgroup. Any clumps larger than or equal to 
that number of home ranges get the highest value of 100. Other values range 
down to 0. 

F. A composite Habitat Value (HV) map for Species A was developed that equally 
weights the three above components: suitable LU/LC, core area, and habitat 
contiguity (Figure 16). 

G. Non-LP3 patches were then masked out. The only habitat given a non-zero value is 
the habitat recognized in LP3. 

H. Steps B-G above were undertaken for each selected T&E species. 
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Table 2. Number of Home Ranges Required for Full Contiguity Value. 

Species 
Number of Home 

Ranges for Full 
Contiguity Value 

Blue-spotted Salamander 100 

Long-tailed Salamander 100 

Southern (Cope’s) Gray Treefrog 100 

Barred Owl 45 

Black-crowned Night-Heron (foraging) 1 

Black-crowned Night-Heron (nesting) 45 

Bobolink 200 

Golden-winged Warbler 200 

Grasshopper Sparrow 200 

Great Blue Heron 45 

Long-eared Owl 45 

Northern Goshawk 45 

Northern Harrier 45 

Red-shouldered Hawk 45 

Red-headed Woodpecker 45 

Savannah Sparrow 200 

Vesper Sparrow 200 

Bobcat 2 

Indiana Bat (hibernaculum) 45 

Indiana Bat (roost/breeding) 45 

Bog Turtle 200 

Corn Snake 100 

Northern Pine Snake 100 

Timber Rattlesnake 100 

Queen Snake 100 

Wood Turtle 100 
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Figure 16. Composite Habitat Value Map for Barred Owl. 

II. Assessment of Results 
 
We have completed an assessment of results by comparing the estimated habitat quality 
maps with the ENSP’s Natural Heritage sightings locations data for the individually 
modeled species.  The results are discussed at the end of this section. 
 

III. Calculations of Conservation Debits and Credits 
 
The second part of the protocol requires the extraction for a parcel area and summary 
calculation using straight-forward GIS processing (i.e., in ESRI ArcGIS, a select and calc 
commands). Further examples are provided in the main body of this document. 

 

Habitat Value Modeling Results 

Habitat value models were developed for species that have wider distribution and might be 
considered area-dependent. Species with very restricted distribution or dependent on very 
specific habitats were not modeled and the Landscape Project 3 maps should be used to 
determine habitat value. See Table 3 for a list of the species that were modeled. 
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Table 3. Species for which Habitat Value Models were developed. 

Barred Owl Black-crowned Night-Heron Blue-spotted Salamander 

Bobcat Bobolink Bog Turtle 

Grasshopper Sparrow Indiana Bat Long-eared Owl 

Long-tailed Salamander Northern Goshawk Red-headed Woodpecker 

Red-shouldered Hawk Savannah Sparrow Timber Rattlesnake 

Vesper Sparrow Wood Turtle  

 

Assessment of Wildlife Habitat Values using ENSP Sightings 

To assess the validity of the resulting models, the estimated habitat quality maps were 
compared with the ENSP’s Natural Heritage sightings locations data for the individual 
modeled species.  If the model does not have utility in estimating habitat value then we 
might assume that the distribution of sightings across the area would be uniform or 
random. Thus across Wildlife Habitat Value (WHV) classes the sightings would be 
more likely in classes with higher areas and less likely in classes with lower areas, and 
the number of sightings per area would be uniform (with random variation) across 
WHVs.  If sightings are more concentrated in areas of higher value it may indicate that 
the model is correctly identifying higher value habitat.  We are attempting to determine 
whether the composite WHV for a grid cell location is a better indicator of species 
presence than random chance alone.  

There are naturally, several complications to this simplistic evaluation.  One is 
observation bias.  Some observations are road-based which would bias observations 
towards roads and hence is away from core habitats.  Other observations (those not 
from a random sampling or a transect) may be biased toward areas more frequented by 
humans which, for many species, would be non-core areas. This observation bias is a 
bias toward sightings in lower WHV than an unbiased observation method.  

Given the composite WHV maps, the ENSP cross-tabulated with the Natural Heritage 
database to calculate the number of sightings for an individual species within each 
WHV class (i.e., between 1-100).  This was done for sightings within the Landscape 3.1 
habitat boundaries.  For areas outside the Landscape 3.1 designated habitat areas the 
ENSP also provided the number of sightings for an individual species within each 
potential WHV class using potential WHV maps which included the appropriate areas. 
For the Landscape 3.1 designated habitat area and for the species range, we have been 
able to calculate the area for each HV class (between 0 and 100). In this document 
“within landscape 3” means within the Landscape 3.1 designated habitat area, “entire 
range” designates the union of the ENSP designated species range (as provided to us as 
a shape file for each species in question) and the Landscape 3.1 designated habitat area. 
The charts and results in this document refer to the entire range of each species. 
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Graphically 

We have graphically presented the findings in three ways.   

1. We show the percent of all the sightings in each decade of the Wildlife Habitat 
Value (WHV) range (in blue).  On the same graph we show the % of land area in 
those same ranges (in red).  If our model is useful for the species we would 
expect (before taking into account the biases listed above) that the sightings bars 
would be higher than the WHV bars on the higher WHV and lower on the lower 
WHV. 

2. The second chart for each species shows, on the independent axis (horizontal) the 
cumulative share of the area at any given WHV and on the dependent (vertical axis) the 
cumulative share of sightings at a given WHV.  If the sightings were random, we would 
expect these to fall exactly on the 1:1 line (shown in red).  If the WHV model has 
predictive value we would expect the curve to have a low slope at the lower x values 
and a steepening slope at the higher x values.  
 
This graph is based on a modified Lorenz curve.  A Lorenz curve is used in the 
calculation of a Gini coefficient.  The Gini coefficient is a measure of statistical dispersion 
used most often to determine income inequality.  Please see the quantitative measures 
section for more details on the Gini coefficient and Lorenz curve. 

3. The third chart for each species is a graph of smoothed sightings per area (9 habitat 
values included in each point; the point itself and four lower, four higher) graph for each 
WHV.  If the WHV indeed indicates areas with a higher probability of sightings, we 
would assume a positive slope of a line fitted to the points graphed. 

The charts are shown at the end of the section. 

Quantitative Measures 

The two main quantitative measures we are using are the slope of the fitted line to the 
smoothed sightings per area and the area under the curve of the graph of the 
cumulative share of the sightings compared to cumulative share of area for each habitat 
value.    

We fit a line to the point graph of the smoothed sightings per area.  The independent 
variable is the WHV and the dependent variable is sightings per unit of area in each 
Wildlife Habitat Value smoothed to minimize the discrepancies between adjacent 
Wildlife Habitat Values. Nine Wildlife Habitat Values are combined to create the 
smoothing.  With this measure a negative or zero slope would mean that higher WHV 
do not indicate higher number of sightings whereas positive slope would mean that 
higher WHV incur a higher number of sightings, with a higher positive slope  

For the second measure, we have used a variant of the Gini coefficient in order to 
measure the equality of values.  Generally the Gini coefficient is used as a measure of 
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inequality of income or wealth. The Gini coefficient is based on the Lorenz curve. For 
the Lorenz curve the cumulative share of people from lowest to highest income are the 
independent variable and the cumulative share of income earned by those people is the 
dependent variable.  The Gini coefficient is [1-2(area under the curve)]. A value of 0 is 
complete equality and 1 is complete inequality. The variant that we have used is 
plotting the cumulative share of sightings as the dependent variable on the cumulative 
share of area at a given Wildlife Habitat Value, the independent variable. If there are 
more sightings per area at the higher habitat values, then the curve will be analogous to 
the Gini coefficient curve. In our case the curve can be above the line of equality if, for 
example, the lower habitat values have more sightings per area than the higher ones. A 
curve with a very low area under the curve implies that there are more sightings per 
area at the higher habitat values and hence the WHVs are very instructive in where we 
are likely to find members of the species. Extreme inequality in our case is the desired 
state. 

Results 

Below is a chart of our quantitative findings over the entire range of the species. 

  

Gini 

Coefficient 

Variant

Smoothed 

Sightings per 

Area

Species

Area Under 

the Curve 

entire 

Range

Slope Entire 

Range

Number 

of 

Sightings

Bobcat 0.38               0.02 547

Indiana Bat 0.51               -0.01 232

Bog Turtle 0.28               -0.02 222

Wood Turtle 0.39               0.01 949

Timber Rattlesnake 0.38               0.02 840

Long-tailed Salamander 0.06               0.23 53

Black-Crowned Night 0.59               -0.09 144

Northern Goshawk 0.45               0.03 24

Red-Shouldered Hawk 0.25               0.03 348

BarredOwl 0.22               0.03 1057

Long-eared Owl 0.40               -0.01 21

Red-headed Woodpecker 0.46               0.01 274

Bobolink 0.12               0.05 1137

Grasshopper Sparrow 0.14               0.07 977

Vesper Sparrow 0.17               0.02 88
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We can compare these quantitative measures to the charts at the end of the section. 

What we find is that there are more sightings per area in high Wildlife Habitat Value 
areas than in low WHV areas for the vast majority of the species.  The only species for 
which higher WHV does not seem to correlate with higher sightings frequency is Black-
crowned Night Heron which we will discuss below.  For the other species, there are 
some exceptions, but sightings are more common at the higher habitat values. 

There are two mammals in our group of selected species: Bobcat and Indiana Bat.  For 
both of these with there are few or no sightings in the highest habitat value areas: only 2 
sightings over WHV 85 for Bobcat and no sightings over WHV 73 for Indiana Bat.  
However, in those WHVs for which there are sightings, there are more in the higher 
habitat value areas. Looking at our modified Lorenz curves for these two species the 
Bobcat looks good up until the point of few to no sightings, the Indiana Bat has a curve 
close to the one to one line. 

The amphibian example in our group of species has a modified Lorenz curves 
approaching ideal.  The Long-tailed Salamander has an extreme modified Lorenz curve 
with a very gradual slope at low shares of HV increasing to a very steep slope at the 
highest share of HV leading to the lowest area under the curve of all the species: 0.06.  

The reptiles have reasonably good modified Lorenz curves as well, though the slopes 
decrease in the highest share of area at a given HV. Bog Turtle, Wood Turtle, and 
Timber Rattlesnake  have low slopes at the lower share of Habitat Value increasing 
gradually to much higher slopes at the higher share of area at a given HV, but then level 
off to some extent at the highest HVs.  Areas under the curve run from 0.28 to 0.39 for 
the reptiles. For the Bog Turtle, NJ endangered and Non-game Species Program has a 
fairly detailed model, based on ground surveys which will likely be more accurate in 
terms of highlighting the best and most-used habitat for Bog Turtle.  We recommend 
that in an instance where there are extensive, detailed models or maps consistent across 
the habitat of a species within NJ that those models be used. The timber Rattlesnake 
model would be improved greatly if the habitat value would be increased for known 
hibernacula and areas contiguous to them. 

We have found that the methodology producing the WHV we have used does not show 
a good outcome for species that are not wide-ranging (i.e. do not have comparatively 
large home range sizes) or those that use habitats stretching along riparian/stream 
corridors.  We hypothesize for those wide-ranging species using riparian/stream 
corridors that this is because the moving window part of the habitat valuation does not 
accurately portray the pattern of use.  For example, Black-crowned Night Heron has a 
very large home range.  It uses forests, scrub/shrub, marshes, and ponds as nesting, 
roosting, and foraging habitats.  Since wooded swamps, coastal dune forests, vegetated 
dredge spoil islands, scrub thickets, and mixed phragmites marshes which are in close 
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proximity to water is the habitat that is heavily used and  which happens to be along 
waterways and thus not circular, we postulate that the circular moving window 
approach to valuing habitat is not ideal for this species.  The values found using the 
extremely large circular moving window are all very low (a low percentage of the circle 
is habitat or core habitat).  We suggest that this method not be used for species using 
narrow (with respect to home range size) bands of habitat such as along waterways.    

For the other bird species modelled we see variation, but on the whole we do see more 
sightings per area in areas of higher WHV, indicating that the model is useful. For the 
rarest birds and the ones with the fewest sightings (Northern Goshawk (24 sightings), 
Long-eared owl (21 sightings), Vesper Sparrow (88 sightings)) it is more difficult to 
determine the usefulness and accuracy of the models since the absence of sightings at 
certain WHV may not indicate an absence or lower abundance of the species at these 
values. All of the birds outside of the Black-crowned Night Heron and the Long-eared 
Owl have positive slopes on the lines fit to their smoothed sightings per area. The 
modified Gini coefficients for these birds (excluding black-crowned night heron) vary 
from 0.12 to 0.46.  The grassland species have the best values varying from 0.12 to 0.17.   

In conclusion, we find that this methodology works best for wide-ranging species that 
do not have specialized microhabitat requirements. To better understand the influence 
of  and correct for sampling bias, we suggest that this analysis could be refined if access 
was granted to work directly with the sightings data.  

The chart above gives the actual values as well as showing the number of sightings for 
each species.  Below are the details on each species. 
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Summary and Conclusions 

The habitat value model described in this report estimates the value of habitat for listed 
threatened and endangered animal species based on each species’ needs and the intrinsic 
characteristics of the landscape. Based on a comparison with empirical data, we suggest that 
this model works well for wide-ranging area-sensitive species (e.g., species such as the bobcat, 
Indiana bat, northern goshawk, red-headed woodpecker, red-shouldered hawk, timber 
rattlesnake, wood turtle) and provides a complement to existing ENSP Landscape project maps. 
Rather than a simple binary map of documented potential habitat vs. not documented, our 
maps provide more nuanced information as to the potential habitat value or importance for the 
species in question. We suggest that the existing ENSP Landscape maps and/or other 
information (i.e. site specific surveys) be used for species with restricted geographic 
distributions or more specific habitat requirements. Where “better” habitat models are 
available, these can be substituted in for the models described above, for application in 
subsequent non-net-loss habitat value mitigation evaluations. 
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Appendix C. Questions to Stakeholders 

Answers to the following questions by stakeholders will provide the basis for the 
recommendations made in the final white paper. The following survey was administered 
through SurveyMonkey starting on January 21, 2014 and all the stakeholders were requested to 
respond. Ten responses were received. 

1. Conversion and loss of T&E wildlife species habitat should be avoided where possible. 
But if is unavoidable, then it should be mitigated for in some fashion. 

 Agree (7) Agree with Reservation (3) Disagree (0) 

2. The Wildlife Habitat Value (WHV) model is a fair representation of value to serve as the 
basis for determining wildlife habitat mitigation obligations.  

 Agree (3) Agree with Reservation (4) Disagree (3) 

3. In conducting mitigation for loss of WHV due to development, we want to ensure that 
actions to offset loss in value result in no net loss of WHV at the scale of the landscape. 

 Agree (4) Agree with Reservation (4) Disagree (2) 

4. A conservation market should be used as a trading platform for offsetting WHV debits 
with credits. 

 Agree (3) Agree with Reservation (4) Disagree (3) 

5. A non-wasting stewardship endowment should be used to support increased WHV via 
habitat management/enhancement and funded as part of the price of a WHV credit. 

 Agree (3) Agree with Reservation (6) Disagree (1) 

6. The Conservation Bank Trust should be responsible for overseeing conservation 
banks/sponsors, stewardship endowments and operating the trading platform. 

 Agree (5) Agree with Reservation (4) Disagree (1) 

7. Certified consultants will play the role of helping landowners and developers calculate 
debits, acquire offsetting credits through the conservation market, develop mitigation 
plans, and work with bank sponsors in creating conservation banks. 

 Agree (3) Agree with Reservation (4) Disagree (3) 
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8. The ENSP working with the Trust will be responsible for reviewing management plans, 
helping the Trust assess management credits, developing best management practices, 
monitoring consultants and overseeing the progress of the system every three years. 

 Agree (3) Agree with Reservation (5) Disagree (2) 

9. Municipal, county and state agencies should be allowed to generate WHV credits with 
newly preserved land by enrolling these lands in an approved conservation bank. 

 Agree (4) Agree with Reservation (6) Disagree (0) 

10. There should be a minimum threshold for involvement in the program (minimum 
acreage). 

 Agree (3) Agree with Reservation (5) Disagree (2) 

 

Appendix D: Additional Information 

The following papers provide additional information on the conservation banking concept. 
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USFWS 2003. Guidance for the establishment, use, and operation of 
conservation banks. 
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USFWS 2012. Conservation banking: incentives for stewardship. 
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Gardner et al. 2013. Biodiversity offsets and the challenge of achieving no net 
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Bunn et al. 2013. Reforms could boost conservation banking by landowners. 
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