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Importance of Connectivity for Wildlife
Current land management plans throughout the U.S. and Europe are designed to protect
biodiversity by establishing a network of core habitat areas that are connected via linkages. The
central principle of this large-scale conservation planning is that viable populations and natural
communities can be supported by a connected landscape network (Beier et al. 2006, Crooks and
Sanjayan 2006, Boitani et al. 2007, Barrows et al. 2011), particularly as the landscape becomes
altered by anthropogenic features like roads and housing developments. Landscape connectivity
allows for movement among patches of suitable habitat, reduces the chance of extinction and
effects of demographic stochasticity on small populations (Brown and Kodric-Brown 1977), and
maintains gene flow between populations in patchy landscapes (Simberloff et al. 1992) allowing
more rapid recovery after events such as fire and disease outbreaks. Over longer time scales, and
in the face of changing abiotic conditions, connectivity may also prove critical for range shifts in
response to landscape changes caused by changing climate and altered disturbance regimes
(Hannah et al. 2002, Heller and Zavaleta 2009). In southern California, this landscape-scale
network approach has been adopted in response to the widespread habitat conversion and
fragmentation that has resulted from development in the region (Riverside County 2003, County
of San Diego 1998).
Connectivity is often considered from two different perspectives, physical and functional
connectivity. Physical connectivity indicates whether there is structure connecting two patches
of habitat, whereas functional connectivity accounts for how wildlife respond to that structure
and the implications of those considerations for the species of concern (Taylor et al. 1993,
Tischendorf and Fahrig 2000a, 2000b). The distinction between physical connectivity and
functional connectivity in fragmented landscapes is critical when implementing conservation and
mitigation measures to prevent irreversible habitat fragmentation. There are a variety of factors
that can affect this response, including but not limited to, life history traits of the affected
species, habitat configuration, degree of habitat fragmentation, and type of fragmenting features
(e.g., roads, houses). Furthermore, this response will differ among species with some
demonstrating a greater sensitivity to these factors than others.
Wildlife Connectivity in the Merriam Mountains
The Merriam Mountains area is only one of two large habitat blocks that remain west of I-15 that
are classified as Pre-Approved Mitigation Area (PAMA) with a goal of 75% conservation under
the Draft North County Multiple Species Conservation Plan (NCMSCP). Given the remaining
open spaces and known critical movement areas nearby (i.e., the San Luis Rey River to the
north), the Merriam Mountains area serves as a critical area for wildlife movement and
connectivity at a local scale. The area offers drainages and ridgelines, features known to support
wildlife movement, running in both east-west and north-south directions. Based on my research
on connectivity in San Diego County (Jennings and Lewison 2013) and what prior research
efforts have learned about wildlife movement and connectivity in the region (Crooks 2002,
Lyren et al. 2009, 2008, 2006), it appears that the Merriam Mountains are situated in a critical
location that currently allows it to serve as a stepping stone between habitat patches north of
Escondido, San Marcos, and Vista to the Merriam and San Marcos Mountains, Moosa Canyon,
and the San Luis Rey River.
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Although east-west movement is undoubtedly challenged by Interstate 15 (I-15) to the east of the
Merriam Mountains, some species may be able to cross through the concrete box culvert located
under I-15 (Figure 1). The length and height of this structure1 likely deter crossings by larger
species like mountain lion (Puma concolor) and southern mule deer (Odocoileus hemionus
fuliginatus), but smaller species may be able to traverse the crossing (Figure 2). A suite of small
to medium mammals, such as raccoon (Procyon lotor), opossum (Didelphis virginiana), striped
skunk (Mephitis mephitis), coyote (Canis latrans), bobcat (Lynx rufus), as well as a host of small
mammals, may be most likely to use this structure. Furthermore, the location of this structure is
such that connectivity could be enhanced with improvements to the structure design.
There are also locations to the north and south of the Merriam Mountains that allow for east-west
movement past the freeway (e.g., Moosa Canyon). North-south connectivity is likely more
important for wildlife movement in the area. The quality of undeveloped lands in the area is high
and the current development intensity and agricultural activities are not likely to be acting as an
impediment to wildlife movement. In a recent update to the connectivity section of the
Management Strategic Plan for Conserved Lands in Western San Diego County,2 the San Diego
Management and Monitoring Program identified the Merriam Mountains as a key area
connecting core linkages to the north, south, east, and west (Figure 3). Additionally, the
proposed designation of area to the north as PAMA under the NCMSCP will further enhance the
importance of the open space in the Merriam Mountains and connectivity to and from this area
that will serve as a stepping stone, provide source populations of many species, and support
ecological resilience in this part of San Diego County.
From a broader regional perspective on connectivity, the connections available for wildlife to
move through this area are crucial for maintaining connectivity to the Santa Ana Mountains. The
Santa Ana-Palomar linkage is a wildlife corridor that has been highlighted in numerous
connectivity studies to date (e.g., South Coast Wildlands 2008, Spencer et al. 2010); however,
this linkage remains unrealized due the difficulty in getting animals across the I-15 to the north
in Temecula. Currently, one of the few areas where it is currently feasible for a movement
corridor is in the vicinity of the Merriam Mountains. This is an especially important issue for
mountain lions, which have experienced a decline in genetic diversity and led to inbreeding and
concerns about long term persistence of the apex predator in the Santa Ana Mountains (Ernest et
al. 2014), as well as additional effects to the San Diego population of mountain lions.
Without adequate habitat quality or structure, the effective distance3 among preserved lands in
this part of San Diego County would more than double, as negotiating additional roads and
development would limit the species that could successfully traverse the distance. By
fragmenting this area, it may no longer serve as suitable habitat for viable populations of
southern mule deer, key predators such as bobcats or coyotes (Crooks 2002), or as a critical
stepping stone for dispersing mountain lions searching for larger blocks of suitable habitat.
Furthermore, the type of stepping-stone connectivity that this area provides is critical for the
1

Structure measures approximately 5 feet high x 7.5 feet wide x 900 feet long.
https://portal.sdmmp.com/view_threat.php?threatid=TID_20160304_1454 (last accessed Apr. 17, 2017).
3
Effective distance accounts for both the physical distance and the barriers and resistance of moving through the
landscape.
2
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movement of avifauna with limited dispersal abilities, such as the federally threatened California
gnatcatcher (Polioptila californica californica). Connectivity between suitable patches of coastal
sage scrub habitat is necessary if the gnatcatcher is to not only persist, but recover in coastal
southern California, particularly in San Diego County where coastal sage scrub habitats continue
to be constrained at a rapid rate. The proposed development may result in the physical and
genetic isolation of populations of mule deer, bobcat, coyote, and other species on either side of
Deer Springs Road and west of I-15, a phenomenon that has been demonstrated in other areas of
southern California where roads and development have fragmented habitats for these species in a
similar fashion (Riley et al. 2006, Lee et al. 2012). These effects would result in cumulative
impacts to connectivity and wildlife corridors in the area, and require that existing lands
providing connectivity be considered more carefully in broader subregional and temporal
contexts.
Wildlife Connectivity and the Proposed Newland-Sierra Development
Design Configuration
Although the proposed design configuration of the Newland Sierra project is intended to
preserve the core habitat on Merriam Mountain, it will rather serve to further isolate that area and
limit its function in providing habitat that will contribute to regional biodiversity. Even though
the project design appears to incorporate a number of areas of open space, the configuration of
those spaces is such that roughly only 400 hectares (<1,000 acres) will remain as suitable core
habitat or a major movement corridor for those species. Reducing that block to an effective size
less than 1,000 acres and cutting off movement to and from the east and south would
substantially reduce its functionality as preserved lands under California’s Natural Community
Conservation Planning (NCCP) program.
The 2009 Draft Environmental Impact Report for the previously proposed project on this site
notes that much of the evidence for wildlife movement on the site was observed along existing
dirt roads and trails but assumed agricultural lands and dense chaparral would not be used by
most species. The use of these dirt roads is not an indicator of unsuitability of the site, but rather
of the adaptable nature of many of the medium to large mammals that are likely to occur on site.
Furthermore, agricultural lands, particularly avocado orchards, are known to provide important
habitat for mammalian carnivores (Nogeire et al. 2013) and should be considered an important
component of the conservation design for this area of the County. Additionally, a review of
aerial imagery of the proposed project area revealed that, although there are areas of dense
chaparral on site, the density is not uniform across the project area, nor does that make it
impenetrable to wildlife. As is common across the region, the south- and east-facing slopes of
the project area are substantially less dense than north- and west-facing slopes. Further, ongoing
disturbance (such as dirt roads and trails) throughout the project area have created many areas of
lower density open patches among the chaparral. Finally, dense chaparral is not a barrier to
movement for many species and provides important cover for many small and medium species.
The proposed configuration of the Newland Sierra Project focuses on providing opportunities for
east-west movement between the Merriam Mountains and San Marcos Mountain. While
connectivity to San Marcos Mountain to the west is an important habitat linkage to conserve and
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manage, it is not the only critical wildlife corridor in the region. In fact, focusing only on that
linkage could create a connectivity dead-end, limiting any movement to the east or south from
the Merriam Mountains or into the area from the east and south. These east-west and north-south
corridors (Figure 4) are critical for maintaining adequate wildlife movement and consequently,
ecological functioning, in the western part of the North County. Furthermore, to adequately
ensure there is functional connectivity for wildlife to move to and from the open space in the San
Marcos Mountains, appropriately sited and designed wildlife crossing structures need to be
installed along Twin Oaks Valley Road. These structures should consider a range of species from
large to small and be placed along existing movement paths to encourage use and reinforced with
directional fencing to limit at-grade crossing by wildlife, which can lead to increased wildlifevehicle collisions.
Road Impacts
The proposed increase in the size of Deer Springs Road, the improvements to the I-15
interchange, as well as the expansion of the footprint of development in the immediate vicinity of
the I-15 interchange would be exceptionally difficult to plan so that wildlife could continue to
move through the area, particularly given the importance of north-south movement through this
area. The increase in the size and traffic load along Deer Springs Road is a serious concern for
both resident and migrating/dispersing wildlife moving through the area. In its current state, Deer
Springs Road, a two-lane secondary road, is most likely a source of mortality for wildlife, but not
a barrier to movement as the I-15 is for long stretches. Although it is certain that some proportion
of animals that attempt to cross Deer Springs Road do not successfully make the crossing, the
road currently only serves to reduce functional connectivity and affect the movement of
individuals rather than having a barrier effect on entire populations. A wider and more heavily
traveled road in this location would be more likely to impede wildlife movement and affect
resident and dispersing populations in the area. Appropriately sized, spaced, sited, and designed
structures must be included in the design of the road to allow for wildlife movement to avoid
increasing the mortality effect of the road and limit the degree of the barrier effect that will occur
when the road is widened. Furthermore, incorporating the addition of wildlife crossing structures
along I-15 could facilitate movement for a suite of species, enhancing east-west connectivity.
Other roads of concern in the proposed project are Camino Mayor and the proposed section of
Mesa Rock Road that would bisect the proposed central section of “open space”. These two
roads would also need to incorporate appropriate wildlife crossing structures to limit the impacts
of these roadways on habitat and movement. In particular, the design of these latter two roads
lends itself to the greatest degree of wildlife-vehicle collisions as secondary roads often seem
passable by wildlife but excessive speeds and limited sight distance can result in roadkill
hotspots along roads that bisect natural areas as proposed in the Newland Sierra project.
Edge Effects
The areas designated as “open space” within the interior of the proposed development, notably
the area identified as “Block 3” in some planning documents, cannot be considered core habitat
nor movement corridors for wildlife as they will be impacted both directly and indirectly by the
development and activities therein, once built and occupied by residents. This area of habitat will
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be surrounded by roads on all sides and development on three sides with only a narrow opening
to the south. Any wildlife present in this area will be susceptible to edge effects such as humanwildlife conflict, reduced habitat quality and quantity from fuels clearance, and exposure to a
greater risk of predation, disease, and toxins from the human environment. In fact, lower
probabilities of occurrence of wildlife species such as bobcats or gray fox has been documented
at distances less than 1,500 to 2,000 meters (4,920 to 6,560 feet) from urban edges (Ordeñana et
al. 2010) which would eliminate most, if not all, of “Block 3” as habitat for those species. Many
smaller species are also likely to experience edge effects in a habitat patch less than 200 acres,
such “Block 3”. Species such as the red diamond rattlesnake (Crotalus ruber), which have
demonstrated avoidance of roads and development in southern California (Tracey 2000), will be
subject to persecution and removal when located next to homes and trails and may also
experience higher mortality rates on surrounding roads. The San Diego coast horned lizard
(Phrynosoma coronatum blainvillii) may also face increased mortality from roadkill, collection,
and lack of food if Argentine ants (Linepithema humile) colonize the site (Fisher et al. 2002),
displacing the native harvester ants (Pogonomyrmex spp.) the lizard’s primary food resource.
When there are factors likely to introduce edge effects such as these into an area of core habitat,
buffers and expanded core areas are the most appropriate mitigation for those effects. Buffers
ranging from 230 to 300 meters (755 to 984 feet) have been recommended to mitigate these edge
effects (Environmental Law Institute 2003). If such a buffer is applied, the remaining habitat in
“Block 3” would equate to roughly 16 hectares (40 acres).
To the east, the swath of habitat remaining between the proposed development and I-15 should
not be considered a suitable movement corridor as the barrier or deterrent effect of a road of that
magnitude will be well beyond the immediate footprint. For example, in modeling movement
habitat for bobcats in San Diego County based on GPS telemetry data, the effect of roads such as
I-15 on the species occurs at as much as 1,000 meters (3,280 feet) away (Jennings, unpublished
data). Effects of developed areas were strongest at 519 meters (1,703 feet), and in sparse or
disturbed habitats, 1,000 meters. A functional wildlife corridor that would allow for north-south
movement to the west of I-15 would need to be shielded from the freeway. The area with the
highest probability of movement in this area is the first canyon to the west of I-15 where the
commercial area and neighborhood access via Mesa Rock Road are proposed.
The proposed trail system throughout the open space would also contribute to edge effects, as
human recreation in the form of dog walking, hiking, mountain biking, horseback riding, and
bird watching all affect wildlife activity patterns (George and Crooks 2006, Reed and
Merenlender 2008, Reed and Merenlender 2011). The design of the proposed trails in the 2016
Newland Sierra Specific Plan (Figure 62, p. 187) displays a number of dead-end or loop trails.
These are likely to result in additional volunteer trails and off-site exploration. In addition, trails
leading from the backs of the neighborhoods that are adjacent to the open space (e.g., Summit
and Mesa) are also likely. Furthermore, design features for the project such as the proposed Oak
Grove Park (Figure 63, p. 189) may become an ecological trap for wildlife, drawing them in with
shade, trees, and providing water sources but located adjacent to a major intersection and high
levels of traffic that pose a danger to wildlife.
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Figure 1. Box culvert location under Interstate 15.
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Figure 2. Photographs of I-15 drainage culvert. Left: Creek on east side flowing into culvert; Upper right: east entrance to culvert;
Lower right: View to west end of culvert from inside east end.

Page | 7 / 11

Merriam Mountains Wildlife Connectivity Review

April 2017

Figure 3. Map of Management Strategic Plan core areas and linkages in the vicinity of the Merriam Mountains.
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Figure 4. Putative movement zones in the vicinity of the Merriam Mountains
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