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Abstract

Insular ecosystems are small, naturally fragmented ecosystems that are 
geographically “anchored” to the landscape. They are produced by distinctive 
geologic and topographic features including sinkholes, cliffs, springs, rock 
outcrops, and river valleys (fig. 1). Individual “islands” are spatially isolated, 
embedded within a “sea” of other ecosystems (fig. 2). Insular ecosystems 
typically impose high levels of physical stress on plants. Their boundaries are 
marked by steep environmental gradients to the surrounding landscape. Despite 
many localized studies, climate-change effects in insular ecosystems are still 
poorly understood (Cartwright and Wolfe, 2016).

Islands as biodiversity hotspots

Special features of insular ecosystems

What are insular ecosystems? Climate-driven stress alteration

Fig u re  3. Ra re  p la n ts in  in su la r e cosyste m s: (a ) Spigelia gentianoides (dolomite glades), (b) Isoetes
tegetiformans (granite outcrops), (c) Geum radiatum (high -elevation Appalachian outcrops), (d) Astragalus 
bibullatus (limestone glades). All species are listed as endangered under the U.S. Endangered Species Act. All 
photos by A. Cressler.

Figure 1. Examples of insular ecosystems: (a) granite outcrop, (b) sinkhole wetland, (c) grassy bald, (d) 
rockhouse. Photos (a -c) by A. Cressler, photo (d) by C. Sutherland.

Stress regime Description Ecosystem examples Plant adaptations to cope with stressors

Edaphic 

Thin or no soil, lack of 
shade, high surface 
temperatures, soil moisture 
extremes

Rock outcrops (e.g. granite, 
sandstone, and serpentine), 
limestone glades, shale barrens

Efficient water storage, light-reflective 
abilities, specialized photosynthesis, 
life-cycle timing to moisture availability

Topographic High elevation, steep slope, 
importance of aspect

Grassy & heath balds, high-
elevation outcrops, shale barrens, 
cliffs and bluffs

Slow growth, summer flowering at high 
elevations

Geochemical Low or high pH, nutrient 
limitation, metal toxicity

Bogs, fens, pocosins, Carolina 
bays, heath balds, serpentine 
outcrops

Evergreenness, sclerophylly, high 
polyphenol concentrations, carnivory, 
metal tolerance

Hydrologic Widely fluctuating water 
availability, inundation, or 
hydroperiod

Carolina bays, sinkhole wetlands, 
bogs, microenvironments within 
rock outcrops

Persistent seed banks, specialized 
organs for water storage and gas 
exchange, life-cycle timing to optimal 
moisture levels, ability to switch 
photosynthetic pathways

Disturbance Episodic and destructive 
events, such as fire and 
flood scouring, that set back 
ecological succession

(Fire): Appalachian grassy balds, 
xeric limestone prairies, pocosins, 
Carolina bays; (Flood scouring): 
riverscour ecosystems

Fire-tolerance, life-cycles linked to fire.
Specialized anchoring structures and 
“mechanical fuses” to protect roots from 
flood scouring.

Table 1. Stress regime categories and plant adaptations to stress in insular ecosystems

Figure 2. Illustration of the definition of insular ecosystems, using an example of a rock outcrop ecosystem. 
Individual outcrops (a) are spatially isolated from one another across a broad region and (b) are embedded like 
islands within a “sea” of forest. (b) Total outcrop area is very small as compared to the land area of the region in 
which the outcrops exist. (c) Boundaries of outcrops have steep environmental gradients, such as sharp 
increases in soil depth and sharp decreases in soil temperature. Reprinted from Cartwright (2019).
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Figure 4. Conceptual model for climate -driven changes in habitat suitability for plants endemic to insular 
ecosystems. Suitable habitat for stress -adapted endemic species (a) has historically been maintained by high 
levels of physical stress that inhibit competitors. If climate change reduces physical stress (b), then stress -
adapted endemics may be displaced by competitors. Conversely, if climate change increases physical stress 
(c), then the coping strategies of endemics may be overwhelmed. Reprinted from Cartwright (2019).

Although insular ecosystems represent only a tiny fraction of land area in the 
southeast, they contain a wealth of the region’s biodiversity, including rich 
concentrations of endemic plants: species that are only found in particular insular 
ecosystems (fig. 3). These include rare plants that are listed as endangered or 
threatened under the U.S. Endangered Species Act and many others that are of 
conservation concern at the state level. Insular ecosystems also support animal 
biodiversity in the southeast, especially for invertebrates.

Several important features differentiate insular ecosystems from larger, more 
continuous ecosystems and may influence climate-change vulnerability for endemic 
species, including:
• Extreme habitat fragmentation. Insular ecosystems—by definition—represent 

naturally fragmented habitat; this natural fragmentation has been increased by 
human impacts.

• Landscape “anchoring”. Because insular ecosystems are produced by distinct 
geologic and topographic features, these ecosystems and their endemic species 
cannot simply migrate across the landscape to track suitable climates. Instead, 
“island hopping” by long-distance dispersal may be required.

• Characteristic stress regimes. Many insular ecosystems have elevated levels 
of physical stress, falling into several categories (table 1). Endemic plant species 
in insular ecosystems commonly show special adaptations to cope with these 
stressors, and many are poor competitors (i.e., slow growing and shade 
intolerant). Thus, stress regimes are important in maintaining rare-plant habitat, 
by impeding competitors from the surrounding landscape (fig. 4a).

The ecological importance of stress regimes provides a new framework linking 
climate-driven stress alteration to habitat suitability for endemic species (fig. 4). 
If climate change reduces physical stress (fig. 4b), endemic species may lose 
their competitive advantage and be displaced by competitors from the 
surrounding landscape. Conversely, if physical stress increases (fig. 4c), then 
the coping strategies of even specially adapted endemics may be overwhelmed. 
This framework can be used to anticipate, monitor, and potentially mitigate 
climate-change impacts on rare plant species in insular ecosystems.

This poster was adapted from Cartwright (2019). The photo of a Carolina Bay in the upper right is by 
JW Gibbons.

Cartwright JM and Wolfe WJ. 2016. Insular ecosystems of the southeastern United States: a regional 
synthesis to support biodiversity conservation in a changing climate. Reston, VA: US Geological 
Survey. Professional Paper 1828. 

Cartwright JM. 2019. Ecological islands: conserving biodiversity hotspots in a changing climate. 
Frontiers in Ecology and the Environment 17(6): 331–340.

The southeastern U.S. contains a variety of insular ecosystems: small habitat 
patches in unusual landscape features such as sinkholes, springs, rock 
outcrops, and cliffs. Despite their small size, these ecosystems are hotspots of 
rare-plant biodiversity. Special features of insular ecosystems—extreme habitat 
fragmentation, “anchoring” to the landscape, and characteristic stress regimes—
imply that addressing climate vulnerability may require different approaches than 
for large-scale ecosystems. Decades of site-level investigations have recently 
been synthesized to provide a new framework for identifying how changes in 
physical stress levels (e.g. hydrologic variability, temperature extremes, or soil 
geochemistry) may “tip the scales” between rare plants and their competitors in 
these ecosystems. Using this framework, threats to rare species and whole 
ecosystems can be anticipated and potentially mitigated.
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