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Natural Community Conservation Plans (NCCPs) represent the most power-
ful tool in statute for regional and systematic conservation planning for species 
at risk in California. This study examines the use of species conceptual models 
(SCMs) and species distribution models (SDMs) in such planning. Eighteen Natural 
Community Conservation Plans (NCCPs) were analyzed to determine if or how 
explicit connections were made between both types of models for a covered spe-
cies and key components of its conservation strategy. Results indicate plans were 
strong in the use of SDMs, however, each deferred preparing or using SCMs to 
later management and monitoring phases. A more effective best planning practice 
for developing a conservation strategy is to explicitly integrate SCMs and SDMs 
during plan preparation.
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_________________________________________________________________________

This is a study of the explicit and effective integration of species models into the plan-
ning processes of Natural Community Conservation Plans (NCCPs). As discussed herein, 
NCCPs are California’s most powerful tool in statute for species conservation on a regional 
scale, with a higher standard for conservation than federal Habitat Conservation Plans 
(HCPs). In statute, NCCPs (California Fish & G. Code § 2800 et seq.) are an alternative to 
the project-by-project incidental take permitting process (Fish & G. Code § 2081) under 
the California Endangered Species Act (CESA). Such systematic and regional conserva-
tion planning is a critical ongoing need for the state and identifying “best practices” for all 
aspects of creating these plans is also an ongoing need. California has more than 2,000 plant 
species and more than 400 animal species that are considered to be at risk – meaning they 
are already state or federally listed as threatened or endangered or are at risk for becoming 
so (CDFW 2020a). The state’s population is near 40 million and is expected to reach 45 
million by the year 2035 (CDOF 2019). 

Species models serve to gather the collective scientific knowledge of a species 
(Franklin 2009). Species account models (SAMs) are verbal accounts, yet they provide 
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conceptual information such life history, habitat use, geographic range, distribution, threats, 
and population trends and so may be considered a form of modeling (Andelman et al. 2001). 
Management-oriented species conceptual models (SCMs), in graph form, clarify assump-
tions regarding a species’ relationship to ecosystem components, stressors, and its response 
to potential management actions (Atkinson et al. 2004; Hopkins 2004). They also identify 
remaining uncertainties, key to hypothesis testing in an adaptive management and monitoring 
context. SCMs provide a bridge between the goals and objectives of a conservation plan and 
the conservation measures or management actions assumed necessary for achieving them and 
thus preparing them at the time a conservation plan is being written would be a best practice. 

Explicitness in the development and use of species distribution models (SDMs) in 
conservation planning, particularly reserve design, would also be a best practice. The design 
of a reserve network is inherently spatial. SDMs provide spatial data on both known occur-
rences of a species as well as environmental variables thought to predict its occurrence. They 
also provide the rule base linking species occurrences to environmental variables (Franklin 
2009). Explicitly disclosing rules and assumptions for mapping the predicted distribution of 
a species allows a user to both replicate a model and evaluate uncertainty in the prediction. 

SAMs, SCMs and SDMs are communication tools, for stakeholders in the present and 
future. Over the lifetime of a plan, often 50 years or more, they can serve as a marker for 
future planners on the knowledge and assumptions guiding scientists and planners during 
the time at which a plan was approved. 

Regional conservation planning is a tool for resolving potential conflicts between eco-
nomic development (e.g., urbanization, agriculture) and threatened and endangered (listed) 
species, especially in biologically rich areas of the state that face high levels of growth 
and development (Atkinson et al. 2004). State and federal wildlife agencies in California 
have two primary statutes to accomplish species conservation—state Natural Community 
Conservation Plans (NCCPs) under California Fish and Game Code Section 2800 et seq. 
and federal Habitat Conservation Plans (HCPs) under the Endangered Species Act Section 
10(a)(1)(B). These plans are intended to establish large reserve networks of permanently 
protected lands and long-term programs designed to conserve, mitigate for, and manage spe-
cies legally “covered” by a plan while they allow compatible and appropriate development 
(Presley 2011). In California, an HCP can be implemented without an NCCP. However, all 
NCCPs are joint state and federal NCCP/HCPs, although hereafter they will be referred to as 
NCCPs. NCCPs in California may also be thought of as systematic conservation plans, the 
term “systematic conservation planning” having come from the seminal and highly cited work 
of the same name published in Nature by Christopher Margules and Robert Pressey (2000). 

NCCPs may, in fact, be among the best examples of government-sponsored systematic 
conservation planning. Both NCCPs and HCPs provide conservation benefits beyond that of 
traditional approaches to endangered species conservation, which allow limited “incidental 
take” of species in exchange for habitat mitigation actions or offsets, often on a project-by-
project basis (McKenney and Kiesecker 2010:174). This practice results in uncoordinated or 
piecemeal mitigation, far less effective than a coordinated, regional approach (Underwood 
2010). NCCPs and HCPs provide coordinated mitigation and conservation actions that can 
result in larger blocks of higher quality and more connected habitats (Noss et al. 1997). 
Underwood (2010) demonstrated the effectiveness of this approach by comparing two large 
areas of San Diego County and finding that the portion with a multispecies NCCP/HCP 
had implemented 5–10 times more area for conservation of rare species than the portion 
practicing project-by-project or piecemeal mitigation. 
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Beyond this, NCCPs are subject to an even higher standard for conservation than HCPs. 
To approve an HCP under the federal Endangered Species Act (16 USC §§ 1531–1544), 
the federal government must find that the taking of a species by a proposed project will 
not “appreciably reduce the likelihood of the survival and recovery of the species in the 
wild” (Section 10(a)(1)(B)(iv). By legislative intent, this finding is treated as equivalent to 
the language in Section 7(a)(2) – that a proposed project “… is not likely to jeopardize the 
continued existence of any endangered species or threatened species or result in the destruc-
tion or adverse modification of habitat” for the species. (See USFWS 2007 for example 
of equivalence language.) Effectively the standard is one of “no jeopardy” (Pollak 2001). 

To approve an NCCP under California’s Endangered Species Act (Fish & G. Code §§ 
2050–2089), the state government must find that “the development of reserve systems and 
conservation measures in the plan area provides, as needed for the conservation of species: 
…the establishment of …one or more reserves or other measures that provide equivalent 
conservation of Covered Species within the Plan Area and linkages between them and ad-
jacent habitat areas outside the Plan Area” (Section 2820(a)(4)(B)). “Conservation” means 
“to use, and the use of, methods and procedures within the plan area that are necessary to 
bring any covered species to the point at which the measures provided pursuant to Chapter 
1.5 (commencing with Section 2050) [The California Endangered Species Act] are not 
necessary’” (Section 2805(d)). Requiring that a species be brought to the point of no longer 
requiring protection under the California Endangered Species Act is effectively a standard 
of recovery (Hopkins 2004; Presley 2011). 

Thus, NCCPs are mandated to provide both recovery and habitat connectivity beyond 
plan boundaries for covered species, a powerful combination for the conservation of a spe-
cies across its entire geographic range. Greco (2020) examined the mix of conservation 
standards across the geographic range of the federally and state-listed threatened giant 
garter snake (Thamnophis gigas) in California, finding only 14% of the range to be subject 
to an NCCP recovery standard and concluding that the variation in standards could have 
significant implications for recovery.

In this study, we examined the integration of species conceptual models and spatial 
models in the NCCP planning process (see Table 1 for a typology of models used in NCCPs). 
Often such models are included as appendices in NCCPs, but it is not always clear if and 
how they are used in the planning process. Specifically, we looked at how management-
oriented species conceptual models (SCMs) and species distribution models (SDMs) are 
currently used in NCCPs – to guide biological goals and objectives, adaptive management 
and monitoring, and reserve design (see Fig. 1). Calls in the literature for explicitness in 
how models translate into conservation strategies and reserve designs come from Atkinson 
et al. (2004), Franklin et al. (2011), Guisan et al. (2013), and Tulloch et al. (2016). Specifi-
cally regarding SDMs, researchers have shown how the vast majority of research focuses 
on methods rather than implementation in the context of systematic conservation planning, 
implying that research on the explicit connections between SDMs and reserve design strat-
egies is rare (Mair et al. 2018, Guisan et al. 2013). We assessed past and current practice 
regarding model integration (i.e., SAM, SCM, SDM) for systematic conservation planning 
throughout California.

We examined four central research questions, presented here with some key back-
ground information related to each question. First, what is the level of modelling done 
in the planning phase of an NCCP and do NCCPs prepare SCMs and SDMs during this 
phase? All NCCPs are in one of two phases: planning or implementation. In the planning 
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Table 1. Typology of models used in NCCPs. According to Andelman et al. (2001), verbal accounts, mathematical 
formulae, and graphical diagrams are all structural variations of conceptual models. The conceptual model of 
interest here is a “management-oriented” species conceptual model (SCM). The spatial model of interest is a species 
distribution model (SDM).

Model Used 
in NCCP

Model Type 
and Struc-
ture

Alternate Terminology 
for Model Structure

Model Inputs in NCCPs

Species Ac-
count Model 
(SAM)

Concep-
tual model: 
verbal 
(text-based) 
account

Species account
Ecological account
Species profile

Legal status
Species description
Life history
Habitat associations
Geographic range
Home range or territory size
Distribution of occurrences in the plan 
area
Threats
Population trends
Abundance estimates

Manage-
ment-
oriented
Species 
Concep-
tual Model 
(SCM)

Concep-
tual model: 
graphical 
diagram

Influence diagram
(Clemen 2001)

Conceptual diagram
(Goodwin and Wright 
1991)

Envirogram
(Andrewartha and 
Birch 1984, James et 
al. 1997)

Causal web
(Andelman et al. 2001)

Measurable aspects of response (e.g. 
habitat quality, patch occupancy, popula-
tion size)

Anthropogenic threats
Natural drivers
Management actions
Critical uncertainties

Species 
Distribu-
tion Model 
(SDM), 
using 
discrete or 
continuous 
variables

Spatial 
model: 
distribution 
map

Species distribution 
model
(Franklin 2009)

Index of habitat suit-
ability or potential 
occupancy (Barrows et 
al. 2005)

Mapped occurrences or population loca-
tions

Classified (expert opinion) suitiable 
habitat – mapped as discrete polygons in 
vector format (if habitat features can be 
mapped)
Or

Environmental variables that correlate 
with species presence – mapped as a 
composite of continuous variables in 
raster format
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Model Used 
in NCCP

Model Type 
and Struc-
ture

Alternate Terminology 
for Model Structure

Model Inputs in NCCPs

Population 
Viabil-
ity Analysis 
(PVA), 
depending 
on available 
data

Conceptual 
model:
mathemati-
cal formula

Count-based popula-
tion viability analysis 
(Santa Clara Valley 
Habitat Plan 2012)

Count-based extinction 
analysis (Morris et al. 
1999)

Known numbers of adults
Population growth rates
Reproductive rates

Spatial PVA 
(SPVA), 
depending 
on available 
data

Spatial mod-
el: spatially-
explicit 
movement 
model with 
population 
size and de-
mography

Individual model
Occupancy map
Population projection
(size and demography)

(Schumaker 1998, 
2010)

SDM (with habitat suitability)
PVA parameters
Movement parameters

Table 1 continuted

 
 

 

Figure 1. A flow diagram of where 
conceptual models fit into the adaptive 
management and monitoring process for 
an NCCP. (Reprinted from: Atkinson et 
al. 2004).



46

phase, an Enrollment Agreement or Planning Agreement has been signed by the permittee 
organizations and the state and federal wildlife agencies who will approve and permit the 
plans. As the plan is being developed, one or more administrative drafts may be produced 
internally before a draft is prepared for public review (Presley 2011). A core component of 
each NCCP is the conservation strategy, consisting of both the biological goals, objectives 
and conservation measures for the plan and a strategy for reserve design (Hopkins 2004). 
In the implementation phase, a plan has been approved and permitted and progress on the 
conservation strategy, such as acquisition of reserve lands, is actively underway.

The second research question is: are there explicit connections between the SCMs and 
the proposed adaptive management and monitoring program for each plan and, if so, how are 
they made? Beginning with the NCCP Act of 2003 each plan is required to contain an adap-
tive management and monitoring program (Atkinson et al. 2004). “Adaptive management” 
as defined in the NCCP Act “means to use the results of new information gathered through 
the monitoring program of the plan and from other sources to adjust management strategies 
and practices to assist in providing for the conservation of covered species” (NCCPA 2003).

This leads to our third research question: are there explicit connections between SCMs 
and the biological goals and objectives of each plan and, if so, how are they made? Goals, 
objectives, and conservation measures differ across plans in how they are used. Generally, 
however, goals are broad statements of desired outcomes that set the direction for an NCCP 
(e.g., conservation for a covered species in perpetuity), objectives are specific and measurable 
statements detailing how each goal can be achieved (e.g., a specified quantity of acres of some 
specific habitat type for a covered species) and conservation measures describe actions (e.g., 
acquire land in fee title). The term “conditions for coverage” is also sometimes used in the 
biological goals and objectives section of an NCCP to describe specific actions that must be 
taken for a species to be considered conserved and thus eligible for coverage under a plan.

Our final research question is: are there explicit connections between SDMs and the 
reserve design of each plan and, if so, how are they made? For the purposes of this study, 
the reserve design is defined to include both the measurable reserve acreage commitments 
in the biological goals and objectives and the spatial design of the reserve system for the 
entire plan area. As stated previously, NCCPs must provide a connected reserve system, 
with linkages between reserves inside the plan area and to adjacent habitat areas outside of 
the plan area (NCCPA 2003).

METHODS

The primary methodology used to explore and answer these questions was a keyword 
search of planning documents from 18 NCCPs in California that are either approved or in 
public draft form (Table 2). Nineteen NCCPs met this initial set of criteria, but one was 
dropped, the San Diego MSCP La Mesa Subarea Plan. The plan included only a brief state-
ment describing its consistency to a programmatic NCCP, but otherwise contained none of 
the necessary elements to stand on its own as an NCCP. Of the remaining 18 plans, 15 have 
been approved and permitted and three are in public draft form, generally the final stage 
before public comments are reviewed and the plan is finalized and submitted to the state and 
federal wildlife agencies. Approved and permitted plans that are considered “Subarea Plans” 
to larger programmatic NCCPs were treated as unique plans. Programmatic NCCPs serve 
as “umbrella” plans. They do not receive permits and were not included as unique plans. 
However, they were considered as contributors of conservation analyses and modeling to 



4747SPECIES MODELS IN CONSERVATION PLANNING

Table 2. NCCP/HCPs in California presented in order of permit year or public draft year. Plans with a permit 
year are approved and in the implementation phase. Those with a public draft year are still in the planning phase.

Plan 
#

Approved and Permitted NCCP/HCPs Permit 
Year

NCCP Act 
Version

Scientific Advisor 
Report

1 San Diego Gas & Electric 1995 1991 n/a

2 County of Orange Central and Coastal 
Subregion

1996 1991 n/a

3 San Diego Multiple Species Conservation 
Program (MSCP) Poway Subarea Plan

1996 1991 n/a

4 Kern Water Bank 1997 1991 n/a

5 San Diego MSCP City Subarea Plan 1997 1991 n/a

6 San Diego MSCP County Subarea Plan 1998 1991 n/a

7 San Diego Multiple Habitat Conservation 
Program (MHCP) Carslbad Subarea Plan

2004 2001 n/a

8 Western Riverside Multi-Species Habitat 
Conservation Plan (MSHCP)

2004 2001 n/a

9 San Diego MSCP Chula Vista Subarea 
Plan

2005 2001 n/a

10 East Contra Costa County 2007 2003 Huntsinger et al. 
(2003)

11 Coachella Valley Multiple Species Habi-
tat Conservation Plan (MSHCP)

2008 2003 Noss et al. (2001)

12 San Diego County Water Authority 2011 2003 Rahn et al. (2008)

13 Santa Clara Valley Habitat Plan 2013 2003 Spencer et al. (2006a)

14 Orange County Transportation Authority 2017 2003 Rahn et al. (2011)

15 Yolo 2019 2003 Spencer et al. (2006b)
NCCP/HCPs in Public Draft Form Draft 

Year
NCCP Act 

Version
Scientific Advisor 

Report

16 Rancho Palos Verdes 2018 2001 n/a

17 Butte Regional Conservation Plan 2019 2003 Spencer et al. (2007)

18 Placer County Conservation Plan 2019 2003 Brussard et al. (2004)
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their subarea plans. All documents were publicly available as downloads from the websites 
of organizations serving as lead entities for the plans. A lead entity is generally a local gov-
ernment with land use planning authority, but it is not required to be so; regional authorities 
for water and transportation and private companies also undertake NCCPs (Hopkins 2004).

To address the first question regarding the level of modelling done in the planning 
phase of an NCCP, we searched each plan document using model names, model types, and 
alternate terms for model structure as keywords, entries in columns 1–3 of Table 1, respec-
tively. The goal was to determine which of the model inputs (Column 4 entries) were present 
for species in a plan. The criteria for including model inputs as present are listed in Table 
3. Model inputs were considered present if they were included for one or more species in 
a plan. They were also considered present if, in the case of subarea plans, direct reference 
was made to a species model in a programmatic NCCP. Of the six subarea plans, three relied 
wholly on species models produced for a programmatic NCCP and three both referenced 
models in a programmatic NCCP and included models for species in the subarea plan that 
were not included in the programmatic NCCP. 

Table 3. Criteria for including model inputs as present in NCCPs

Model Inputs Criteria for Including Model Inputs as Present

Species Account Model (SAM)

Legal status listing status as threatened or endangered under the California or 
federal Endangered Species Acts or rare under the California Native 
Plant Protection Act (FGC §§ 1900–1913) inclusion on any admin-
istrative watch lists such as California Species of Special Concern

Species description physical description, growth habit in the case of plants, and/or any 
level of taxonomic information

Life history pattern of survival, life cycle, and reproduction events for a species
Habitat associations for terrestrial wildlife species, habitat types, natural community types, 

or landcover types known to be suitable for a species meeting one 
or more life history requirements; for fish, stream reaches or water 
bodies with the proper conditions, such as temperature or flow rate 
or connectivity, to support one or more stages of a species’ life his-
tory; for plants, inclusion of plant associations, soil type, hydrology, 
slope, or elevation

Geographic range description and/or map of the limits of distribution globally, in North 
America or in California

Home range or territory size for terrestrial wildlife species, reference to the distance an individual 
travels in meeting life history requirements; for species that are also 
territorial, reference to the average territory size for an individual, or 
a range of sizes depending on habitat conditions or gender

Distribution of occurrences 
in the plan area

general description of population locations, often in the absence of 
surveys for the entire plan area

Threats anthropogenic threats such as habitat loss or fragmentation, exotic 
species introduction, uncontrolled grazing, pollution, pesticide use, 
or noise disturbance

Population trends globally, in North America, in California, or in the plan area (if 
known); located through keyword searches on “trend”, “population”, 
“declining”, “stable”, and “increasing”
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Model Inputs Criteria for Including Model Inputs as Present

Abundance estimates globally, in North America, in California, or in the plan area (if 
known), expressed as a range of population size or as a density 
estimate

Measurable aspects of re-
sponse 

Identification of variables for measuring the response of natural 
communities, species or populations to management actions such 
as habitat quality, patch occupancy or population size, respectively

Management- oriented Species Conceptual Model (SCM)

Anthropogenic threats threats such as habitat loss or fragmentation, exotic species intro-
duction, uncontrolled grazing, pollution, pesticide use, or noise 
disturbance expressed as management issues in a conceptual diagram

Natural drivers drivers of change such as fire or hydrologic regimes directly con-
nected to response variables in a conceptual diagram

Management actions mitigating actions directly connected to anthropogenic threats in a 
conceptual diagram

Critical uncertainties outstanding research questions for completing or updating a con-
ceptual diagram

Species Distribution Model (SDM), using discrete or continuous variables

Mapped occurrences or popu-
lation locations

occurrences presented as points in vector format in a GIS, either 
as maps in a plan document or available digitally as Geographic 
Information Systems (GIS) data

Classified (expert opinion) 
suitiable habitat – mapped 
as discrete polygons in vector 
format (if habitat features can 
be mapped)

Or

Environmental variables that 
correlate with species pres-
ence – mapped as a compos-
ite of continuous variables in 
raster format

for terrestrial wildlife species, habitat types, natural community types, 
or landcover types known to be suitable for a species meeting one or 
more life history requirements, sometimes incorporating a minimum 
habitat patch size; for fish, stream reaches or water bodies with the 
proper conditions, such as temperature or flow rate or connectivity, to 
support one or more stages of a species’ life history; for plants, inclu-
sion of plant associations, soil type, hydrology, slope, or elevation
(no instances found)

Population Viability Analysis (PVA), depending on available data

Known numbers of adults count-based or other methods of determining the number of adults

Population growth rates calculated rate based on a ratio between number of adults in any 
given year and number of adults one year later

Table 3 continuted
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Model Inputs Criteria for Including Model Inputs as Present

Reproductive rates fecundity, based on survival and fertility rates

Spatial PVA (SPVA), depending on available data

SDM (with habitat suitabil-
ity) 

one of more of the SDM components listed above

PVA parameters one or more of the PVA components listed above
Movement parameters one or more spatial components of a PVA that affect habitat suit-

ability such as connectivity of habitat on a landscape or dispersal 
ability of a species

To find explicit connections between the SCMs and the proposed adaptive manage-
ment and monitoring program, our second question, we conducted a keyword search in the 
adaptive management and monitoring chapter of each plan for direct reference to the name 
and location of the species models in the documents for that plan. Only one plan was found 
to contain SCMs, so to determine intent to create SCMs among the remaining plans, we also 
searched for “concept” and “model.” The search for explicit connections between SCMs and 
biological goals and objectives, our third question, was also limited because only one plan 
was found to contain SCMs. Therefore, to see how any level of species modeling may be 
influencing biological goals and objectives in the remaining plans, we looked at connections 
between the one SAM component that is in common with an SCM, namely, threats. “Threat” 
was used as a keyword in the search, as were “enhance” and “restore,” action words found 
among biological goals and objectives for reducing or mitigating threats.

Finally, to research explicit connections between SDMs and reserve design, we looked 
in two locations within each plan. First, for connections to reserve acreage commitments, 
we searched the biological goals and objectives section for direct reference to the name and 
location of the SDMs in the documents for that plan. If this yielded no results, the keywords 
“model,” “occurrence,” and “occupied” were used to query for the components of an SDM. 
Second, for connections between the SDMs and the reserve design strategy for a plan, we 
employed several keywords that lead to descriptions of how SDMs may be used together, all 
of which can be found among the collection of planning documents: “criteria,” “principle,” 
“concept,” “rule,” “consideration,” “design,” “assembly,” “synthesis,” and “process.”

RESULTS

Results for the level of modeling done in the planning phase of each NCCP are pre-
sented in Fig. 2. All 18 NCCPs contained the full suite of components for text-based SAMs. 
Only one NCCP prepared SCMs for its covered species in the planning phase (Plan #18 of 
Table 2). Regarding SDMs, 17 of the 18 plans (94%) contained maps of known occurrences 
for each covered species. Fifteen plans or 83% also presented expert-based habitat suitability 
maps for each covered species as discrete polygons in a vector-based GIS, wherein each 
mapped polygon represents one habitat type on the ground modeled as suitable for a species 
and contains a single habitat suitability value. No plans presented habitat suitability maps 
as a composite of continuous environmental variables in a raster-based GIS, wherein each 

Table 3 continuted
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Movement parameters
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SDM (with habitat suitability)
Spatial PVA Components

Reproductive rates (fecundity)
Population growth rates

Known numbers of adults
PVA Components

Environmental variables correlating with species presence –…
Classified (expert opinion) suitiable habitat – vector format

Mapped occurrences or population locations
SDM Components

Critical uncertainties
Management actions

Natural drivers
Anthropogenic threats

Measureable aspects of response
SCM Components

Abundance estimates
Population trends

Threats
Distribution of occurrences in the plan area

Home range or territory size
Geographic range

Habitat associations
Life history

Species description
Legal status

SAM Components

Number of NCCPs

Figure 2. The model components and levels of species modeling found among existing NCCPs.

cell in a pixelated mapped surface has a habitat suitability value representing the summed 
value of layers of environmental variables for that cell on the ground, creating a “surface” 
of habitat suitability that is continuous. (See Chang 2019 for a full comparison of vector 
and raster data formats in GIS.) Just two plans (#7, #13) contained some components of 
Population Viability Analysis (PVA) species models and, in each case, for a single species 
only. One of these two plans (#7) also had components of a spatial PVA.

Results for explicit connections between the SCMs and the proposed adaptive man-
agement and monitoring program are presented in Fig. 3. A full 50% of the eighteen plans 
made no reference to SCMs. Only one plan (#18) prepared SCMs at the planning phase but 
did not declare intent to use and refine them until a future date. Two additional plans (#14, 
#15) prepared a single sample or framework SCM for use in preparing future species-specific 
SCMs. Six plans declared an intent to develop and use SCMs in their adaptive manage-
ment and monitoring chapters (#8, #10, #11, #12, #13, #17). Significantly, eight of these 
nine collective plans referencing SCMs represent the plans in Table 2 subject to approval 
through the NCCP Act of 2003, which added the requirement for an adaptive management 
and monitoring component. 

Beginning with a 2000 amendment to the NCCP Act, new NCCPs were also required 
to incorporate independent scientific input, although several plans already underway with 
signed Planning Agreements were “grandfathered” in and exempted from this require-
ment. A search of scientific advisory reports prepared at the start of the planning process 
for each NCCP required to prepare such an analysis (Table 2) revealed that seven out of 
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Figure 3. Among early NCCPs (n = 9), only a portion reference species conceptual models (SCMs) in their adaptive 
management and monitoring chapters. Among NCCPs subject to the 2003 statute (n = 9), most plans present an 
intent to prepare SCMs in the future.

eight recommended the use of SCMs in adaptive management and monitoring. One such 
report called for the development of SCMs ideally up front, that is, in the planning phase 
(Rahn et al. 2008). It is worth noting that Atkinson et al. (2004) was published shortly after 
the NCCP Act of 2003, placing SCMs as necessary inputs to the adaptive management and 
monitoring process (Fig. 1).

Results of the search for connections between threats described in SAMs and biologi-
cal goals and objectives are shown in Fig. 4, categorized and presented in order from least 
to most explicit connections. Six of the eighteen plans, or one-third, either made no direct 
reference or a very general one to the SAMS when presenting biological goals and objec-
tives, indicating they were used but unclear about how. Two-thirds of the plans made direct 
references to SAMS in species-specific biological goals and objectives. The most explicit 
connections were made by eight plans (#5, #6, #7, #8, #9, #12, #16, #17), who chose to 
present an analysis of SAM components, such as threats, side-by-side with species-specific 
biological goals and objectives as a justification for them. Thus, it was transparent and im-
mediate to see how the models and model assumptions were used. 

Finally, we examined explicit connections between SDMs and reserve designs. Each 
of the 17 plans that contained SDMs made a direct reference to their use in the conservation 
strategy, which includes reserve design, and the one remaining plan (#4) made reference to 
text-based information in the SAMs it contained. However, it was not always explicit how 
SDMs and SAMs were used. Since modeled suitable habitat is used along with occurrence 
data as the basis for reserve acreage commitments by species, the next question to examine 
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Figure 4. There is a range of explicitness among NCCPs in how SAMs connect to biological goals and objectives.

was how explicit the process was for using classified (expert opinion) suitable habitat in 
each SDM. The results are shown in Fig. 5. Of the 15 plans that had this SDM component, 
five plans (#2, #9, #11, #15, #16) had habitats ranked as “high”/ “medium”/ “low” or “suit-
able”/ “unsuitable” for a species, without disclosing model inputs or assumptions, such as 
habitat types selected or minimum habitat patch size applied. Thus, these models could not 
be replicated just with the information contained in the plan. Ten plans were explicit about 
how each suitability map was created such that the process could be replicated in a GIS.

Regarding use of the models together in the creation of a reserve design, three levels 
have been distinguished and are shown in Figure 5 from the least to the most explicit. Three 
of the 17 plans containing at least one component of an SDM did not describe a process 
of using the models together in the reserve design (plans #9, #13, #14). Four plans made 
reference to using SDMs in their reserve designs but were not explicit about how their 
individual SDMs may have been used together and upfront (plans #10, #15, #17, #18). Ten 
NCCPs described processes for using SDMs together and upfront for prioritizing lands in 
a reserve system (plans #1, #15, #2, #3, #5, #6, #7, #8, #12, #16). Spatial analysis methods 
used by the 10 plans included: (1) “hotspot” analyses, in which landscape data are divided 
into standard units such as square or hexagon grid cells and point-based species occurrence 
data is assessed for each cell to locate areas of high density or “hotspots,” (2) formal and 
“informal” GAP analyses (USGS 2019), in which suitable habitat and/or known occurrences 
for one or more targeted species on a landscape is overlain with existing conserved lands to 
locate “gaps” in conservation, and (3) a composite habitat evaluation model (Ogden 1995), 
which consists of high priority habitat for selected covered species, wildlife corridor data, 
and a habitat value index. The habitat value index itself represents seven input data layers 
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Figure 5. In SDM development, not all NCCPs are explicit enough about model inputs such that the process can 
be replicated. In the use of SDMs together and upfront in reserve design, NCCPs vary in explicitness.

weighted and combined to assess relative biological value: soils known to support sensitive 
plant species, adverse edge effects, habitat element features (e.g., presence of cliffs, springs, 
or ponds), ecotone index, habitat diversity index, rarity of natural habitats, and potential to 
support covered species.

DISCUSSION

 The results reveal that all plans create species models and reference them to some 
degree and most plans utilize SAMs in developing biological goals and objectives. Thus, 
there is a practice of connecting what is known about a species’ life history, habitat use, 
geographic range, distribution, threats, and population trends to what would be appropriate 
objectives for that species in a strategy for conservation. Especially effective in conveying 
the reasoning behind a conservation strategy were those eight plans (44%) that presented an 
analysis of SAM components, such as threats, side-by-side with species-specific biological 
goals and objectives as a justification for them.

What is most concerning is the almost non-existent use of SCMs in the planning phases 
of NCCPs. Only one plan developed SCMs up front, and even this plan did not utilize these 
models in developing a framework adaptive management and monitoring program. It is 
strongly recommended that plans develop and utilize SCMs up front, so these models can 
inform key components of the plan, as indicated in Figure 1 (Atkinson et al. 2004). As stated 
previously, SCMs are a bridge between the goals and objectives of a conservation plan and 
the conservation measures or management actions assumed necessary for achieving them. 
They also serve to identify priorities for monitoring and critical uncertainties that still need 
research (Atkinson et al. 2004), information that would be beneficial, especially when scoping 
the long-term cost of a plan. Franklin et al. (2011), in prefacing a case study for developing 
a monitoring program for the San Diego Multiple Species Conservation Program (MSCP), 
acknowledge that conservation plan objectives can be set too broadly to identify monitor-
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ing priorities during plan development and that monitoring and management often require 
more resources than are acknowledged or even known at the planning stage. Without proper 
funding at the outset, effectiveness monitoring for an NCCP can be significantly delayed.

There may be any number of reasons for the underutilization of SCMs in the planning 
phase of an NCCP. One is simply a lack of specificity in the requirements of the NCCP Act 
related to adaptive management and monitoring. In approving an NCCP, the state must find 
that the plan “integrates adaptive management strategies that are periodically evaluated and 
modified based on the information from the monitoring program and other sources” (Section 
2810(a)(2)) “contains a monitoring program” (Section 2810(a)(7)) and “contains an adaptive 
management program” (Section 2810(b)(8)). Author MP has worked as an agency scientist 
reviewing NCCPs and preparing findings, and has found that these chapters are often very 
brief, with some planners considering that to define a management and monitoring program 
at the planning stage before reserve lands are acquired would be premature.

Although it would be premature to write individual management plans, SCMs with 
explicit assumptions are key to developing a management and monitoring framework to 
guide management planning across an entire reserve system. Managers of individual reserves 
must be able to translate the goals and objectives of a conservation plan into a work plan 
for management and monitoring—over time, in the context of a reserve network, and in the 
face of uncertainty. SCMs clarify assumptions regarding a species’ relationship to ecosystem 
components, stressors, and its response to potential management actions (Atkinson et al. 
2004; Hopkins 2004). If SCMs were to be developed while a conservation plan was still 
being written, the goals of the plan might be specified in a way that makes management 
targets and monitoring objectives obvious (Franklin et al. 2011). 

Explicit assumptions included as part of a SCM are especially important in an adap-
tive management context, which necessarily treats assumed causal relationships between 
modeled ecological variables as hypotheses (Woodward et al. 1999; Barrows et al. 2005; 
Franklin et al. 2011; Runge et al. 2011). Wrote one participant as feedback in a San Diego 
workshop designed to develop SCMs: “... the way this modeling process was done, identify-
ing stressors and using available life history information was a good approach. I think we 
came up with some interim management methods/tasks that could be used immediately… 
to help protect occupied Hermes [a butterfly species] habitat from fire while we wait for 
research questions to be answered about dispersal and other unknowns.” (Lewison et al. 2012)

Plans varied in describing the creation of SDMs and their use together and upfront 
in reserve design. In creating SDMs, the five plans that simply ranked habitats as “high”/ 
“medium”/ “low” or “suitable”/ “unsuitable” for a species, without disclosing model inputs 
or assumptions may indeed have engaged in an explicit modeling process among scientists 
without publishing details of the process in the plan, but this should be discouraged as a 
planning practice for NCCPs. More explicitness makes the planning process more transpar-
ent and inclusive to other stakeholders because interested parties are able to replicate the 
models and understand the assumptions made in using them. It is strongly recommended that 
metadata accompany each SDM. Ideally, it would include all input data sets, their sources, 
their limitations of use as described by their creators, and the assumptions modelers made 
in assembling them to create a SDM. Because knowledge of a species distribution is often 
coarse or incomplete, understanding data available and methodological choices used to 
create a model is key to its appropriate use (Sofaer et al. 2019).

When it comes to using SDMs together and upfront in reserve design, it is signifi-
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cant that two of the three plans that did not conduct such an analysis are led by regional 
authorities with the ability to commit their own lands to a reserve system, and this factor is 
what likely drove the initial design. Among the remaining fourteen plans, one might have 
expected more spatial analysis among newer plans, with greater GIS capacity and access 
to more spatial data layers than were available to planners in the 1990s, but there does not 
appear to be a trend related to the year of plan approval. Researchers have acknowledged 
the difficulty in selecting an appropriate modeling method for multiple species, known as 
an ensemble modeling strategy (Lin et al. 2018). It is significant that two thirds of plans 
employed an ensemble strategy upfront in reserve design. Once again, it is recommended 
that modelers disclose any assumptions made or data limitations noted in the process of 
compiling multiple SDMs. For example, several NCCPs employed a process similar to 
that of the California Department of Fish and Wildlife (CDFW) Areas of Conservation 
Emphasis (ACE II) – which includes indices of biological value by hexagonal unit across 
the state, derived from occurrence data and range maps of multiple species. The metadata 
for ACE II not only discloses reasoning for the unit (hexagon) and scale (hexagon size) of 
analysis chosen, it also acknowledges that values are influenced by the data (or lack of data) 
available for any given species in any given region of the state. Included with the data are 
recommendations for appropriate use (CDFW 2015). 

The intent of this paper has been to understand current practice regarding the integra-
tion of species models in systematic conservation planning, with an aim to improve practice 
overall, rather than to highlight the shortcomings of any individual plan. With a powerful and 
far-reaching statute to guide them and only fifteen plans approved statewide, NCCPs are in 
many ways still experimenting with best practices. Early publications have taken the form 
of case studies (Pollak 2001, for example) or guidance documents with “lessons learned.”

Universally, plans were strong in including detailed SAMS, while they varied in their 
ability to connect models directly to biological goals and objectives. Two-thirds of plans 
were explicit in SDM creation such that individual species models could be replicated in a 
GIS with the information provided in the plan and two-thirds of plans demonstrated ways 
that SDMs can be used together in reserve design. We found the greatest room for growth 
in the use of SCMs for adaptive management and monitoring planning, which may be fa-
cilitated by more detailed requirements in statute regarding the adaptive management and 
monitoring component of a plan. Professional training in the creation and use of SCMs may 
also help. To this end, NCCPs in the implementation phase that have developed SCMs for 
monitoring would be an ideal resource.
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