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Abstract:



Early successional habitat (ESH) is an important component of natural landscapes and is crucial to maintaining biodiversity. ESH also impacts endangered species. The extent of forest disturbances resulting in ESH has been diminishing, and foresters have developed timber management regimes using standard silvicultural techniques that enhance ESH. We developed a financial framework to evaluate these ESH-enhancing forest management regimes, driven by differences in timber harvest costs and timber revenue. The economic model was applied to on-the-ground prescriptions in the Nantahala National Forest (NNF) designed to increase biodiversity and foster improved public awareness of the importance of ESH. Bats, a current conservation concern, commonly exploit ESH and were the focus of our prescriptions. The prescriptions were based on shelterwood cuts of varying patch size, spacing between the cuts, and the trail area required to move from patch to patch. The results showed that prescriptions with large patch areas were effective in increasing ESH, with minimal impact on the financial performance of timber harvesting operations. This information can be used to minimize financial losses while catering to wildlife species that prefer ESH, in addition to increasing overall biodiversity.
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1. Introduction


Early successional habitat (ESH) is an important component of natural landscapes, whether occurring naturally in grasslands and shrublands or due to disturbances within late successional forests [1]. While these ecosystems differ in terms of vegetative composition, they all possess a prominent characteristic of ESH in that they are not dominated by tree canopies, but consist of short herbaceous and woody vegetation [1,2]. The type of disturbance that creates ESH can occur naturally through the actions of wind, insects, or fire and through anthropogenic means such as timber harvesting or climate change-induced clearings in the landscape caused by wind storms that uproot trees or droughts that kill trees [3,4].



ESH is critical to maintaining the diversity of flora and fauna in deciduous forests and has a role in forest dynamics in terms of tree regeneration and the maintenance of disturbance generated plant species [5]. The early stage of succession, with an openness caused by the absence of a closed canopy, harbors more pioneer species of grasses and shrubs that better coexist with some endangered, threatened, or sensitive plant and animal species [2,6,7]. The importance of ESH to wildlife is especially well-documented for certain birds [8] and various mammals [9].



The loss of old-growth forests and the degradation and fragmentation of second-growth forests are widely recognized conservation problems in North America; not so widely known is the waning of ESHs characterized by young forests [1,2]. Many wildlife species in North America have suffered significant population declines due to habitat loss, especially ESH loss [10,11,12]. Conservationists and the general public are often disenchanted by the landscapes produced by the human disturbances that favor ESH [1,13]. Clearcutting, for example, is often used to create ESH, but produces results that are sometimes very unpopular with the public, especially environmentalists [14,15].



The extent of forest disturbances and the resulting ESH has been diminished by shifts in agricultural lands, flood control projects, fire suppression, and even by fully-stocked forests that result in less wind-blown trees [1]. Foresters have developed specific management objectives and practices to support plant and animal species that rely on disturbances within a forest, but a number of issues such as a lack of funding, biased public perception, and a lack of clearly stated habitat goals that enhance ESH can hamper the implementation of the objective. Federal and state forestry and wildlife incentive program funding agencies have recognized this problem and have strongly encouraged the development of ESH by private landowners [16].



A standard silvicultural practice used to establish ESH within a forest has been clearcutting, which tends to host few structures of biodiversity importance [17]. Environmentalists have long opposed the practice as extremely detrimental to ecological processes within the forest, creating landscapes considered to be “unimportant” and “unappealing” from an aesthetic and ecological point of view [1]. Forestry and natural resources management professionals have clearly demonstrated the benefits ESH can play within an ecosystem, but its use for conservation purposes is a relatively new idea. However, foresters, wildlife biologists, and conservationists throughout the United States now consider it an increasingly important issue, and set-asides of clearcuts for protection have been shown to be an attractive cost-effective strategy when accounting for the habitat requirements of multiple species [9,18].



The economic cost of establishing ESH management as a conservation technique is not well-known. Timber harvesting costs related to the establishment of ESHs and cost efficiencies due to patch size are rarely quantified [19,20]. We describe a financial framework to evaluate the alternative forest management regimes used to establish ESH, primarily driven by differences in timber harvesting cost and timber yield revenues. This model was applied to a number of proposed prescriptions within the Nantahala National Forest (NNF), located in western North Carolina. These prescriptions support increased biodiversity within the forest, as well as better public awareness of the importance of such habitats. Our goal was to provide a better understanding of the economics of ESH as a conservation technique on both private and public lands.



1.1. Early Successional Habitat and Silviculture


Forest management practices affect both the edge environment and habitat for forest-dependent interior species [21,22]. Timber harvest is one of the most effective ways to create ESHs in managed forest ecosystems [6], serving to enhance connectivity among disturbed sites and altering the abundance of early successional species at the stand level and the relative abundance of open, edge, and closed forest vegetation at the landscape level [23,24,25].



Silvicultural systems manipulate variables that can affect ESH, including the selection of patch size, the regeneration cut timing, and even the selection of the rotation age. Silvicultural prescriptions to establish ESH widely vary. One recommendation for birds in the northeastern United States is group selection cuts with patches of at least 0.8 ha generated about every 10 to 15 years and regeneration of trees that are intolerant and mid-tolerant of dramatic changes in stand structure [26]. Another method is to maintain permanent ‘wildlife openings’ by using prescribed burns or mechanical treatments [27]. Acceptable levels of ESH necessary to sustain wildlife populations will require active intervention and forest management [28].



The most effective silvicultural methods for providing ESH are those associated with even-aged management, including clearcut, shelterwood, and seed-tree regeneration methods. While these silvicultural methods differ from each other, they are similar in that each method removes a large amount of timber within a specific forest stand [1,2,3,29,30,31]. The literature contains many operational examples of silvicultural applications that apply to establishing ESH [2,16,26,28,32,33].



Clearcutting involves the removal of all trees, usually at the forest stand’s economic maturity age, resulting in an even-aged forest and the use of the total ecological space. The method is popular due to its associated simple and cost-effective implementation and high timber yields. The shelterwood method also produces an even-aged stand, but under the protection of older trees. The mature seed-bearing trees can be left to provide cover to environmentally-sensitive areas while the new stand is being established. The seed-tree method leaves only a few trees of the optimum phenotype as a seed source, so its effects are similar to a clearcut [34].



All three silvicultural treatments can provide ESH within a forest. However, parameters such as the size of the cut, the timing of the cut, the period between cuts, and rotation age will impact their effectiveness in producing ESH. In contrast, unevenly aged regeneration methods that produce unevenly aged stands like selection cuts do not remove enough of the overstory to promote vigorous understory growth and do not provide a large enough gap for species that favor ESHs [3]. The three systems vary in terms of the gaps or patches they create in the forest and that is the main variable that controls effectiveness in creating ESH [35].




1.2. Bat Conservation and Forestry


Bats provide an example of mammals that commonly exploit ESH and were used in our analysis as a case study to evaluate ESH and various management regimes. Bat populations in the eastern United States are currently experiencing precipitous declines due to white-nose syndrome (WNS), a disease that has killed millions of bats since 2006 [36], and additional stressors, including habitat loss and wind energy development [37]. Knowledge and understanding of habitat use by forest bats in relation to local, stand, and landscape characteristics are critical to bat conservation and management. Especially important is the bats’ response to forest management practices like timber harvesting that impact their habitat. Few studies in the southeastern United States have addressed these issues [38,39].



ESHs are important foraging sites for a number of North American bat species as they provide areas with abundant insects and reduced clutter, allowing for unobstructed flight and reduced ‘noise’ when echolocating [40,41,42]. For example, six of 15 bat species found in the Central Hardwoods Region [42], three of four bat species groups in Ontario, Canada [43], four of four bat species in the Piedmont of Georgia [44], three of three bat species groups in the managed forests of Ohio [45], and three of seven bat species in the managed forests of Indiana [46] commonly forage in open areas or their edges.



The use of ESH by bats varies due to factors like body size and echolocation call structure, resulting in larger species being more likely to use open areas and smaller species more likely to use interior forests and the interface between mature forest and open areas or edges [47,48]. Tree-fall gaps within mature forests are important foraging sites for a number of bat species [42,49,50], but research is limited on the effects of patch size and isolation on their use [40,49,51]. Understanding how factors like size and isolation impact the suitability of ESHs as bat foraging sites allows for the design of timber management activities that better provide for the foraging needs of bats [42].



Bat conservation has recently become a very important topic in forestry due to sharp declines in various bat species throughout North America. In addition, bats provide important ecosystem services in forest and agricultural systems. For example, most bat species within the United States. and Canada are insectivores and are the main predator of ‘night-flying insects,’ such as beetles and moths, which can cause serious damage to natural and semi-natural open and forest habitats [52].



Management for bats within industrial and investment organization forests has been a concern for conservation efforts. These forests are intensively managed for timber production, and, while wildlife values are addressed, the focus is usually on species diversity rather than a single species. These lands are almost all managed under forest certification programs that require wildlife considerations, and bat conservation is certainly one of those considerations. These organizations already use many practices that could encourage bat habitats [53].



While the literature on bats and bat habitat is extensive [26,54], there has been very little focus on the cost of providing for these important mammals. Forest management practices to enhance ESH are common silvicultural options, but, even so, the economics of establishing an ESH for wildlife purposes lacks detailed financial analysis in terms of costs. The purpose of our study was to provide an economic analytical framework of the incremental differences between management regimes creating ESH, using on-the ground NNF prescriptions to evaluate our modeling technique.





2. Study Area and Methods


The study area was within the Cheoah Ranger District on the Nantahala National Forest (NNF), North Carolina, USA (Figure 1). Our case study involved the development of silvicultural prescriptions to develop ESH to support wildlife, including various bat species, within the region. The study area consisted of a landscape that supports a diverse bat population [55]. The topography is mountainous and includes areas with steep inclines. This ranger district has a well-developed road system; therefore road development was not a relevant cost in this analysis.


Figure 1. Examples of forest management prescription layouts on the Nantahala National Forest, North Carolina, USA. See Study Area and Methods for a description of the prescriptions.



[image: Resources 06 00053 g001]






The timber on the Cheoah Ranger District consists of mixed-hardwood, primarily Southern Appalachian species such as tulip poplar (Liriodendron tulipifera) and white oak (Quercus alba), with some pine cover types. White pine is common in plantation conditions due to management activities during the mid- to late-twentieth century, but it does not represent a significant cover type. Hardwood and hardwood-pine cover types occupy about three-quarters of the ranger district area, with pine and pine-hardwood cover types occupying the remainder [56].



The timber volumes were marginal in terms of producing a profitable financial return from thinnings and harvests. The forest conditions were typical of the region. The forest is currently being managed on a 70 to 90 year cutting cycle. The current management regime involves an herbicide treatment at age five, a pre-commercial thinning at age 15, a commercial thinning at age 40, and a final harvest between years 70 to 90. Timber in this national forest is seldom clearcut and instead is typically managed with the shelterwood silvicultural system [56].



2.1. Prescriptions


We conducted an economic analysis of various forest management regimes differentiated between dispersed and aggregated timber harvest alternatives. Our procedure required the development and application of prescriptions on the ground in order to estimate the physical and economic differences between them [57]. We created five management regimes using five varying prescriptions to establish value in enhancing wildlife species within the forest. The five prescriptions, A, B, C, D, and E (Figure 1), were based on the shelterwood silvicultural system, with each a prescription requiring a 10% retention of the standing timber. To conduct these shelterwood patch cuts with logging equipment, machinery was moved from one patch cut to the other, requiring a trail (about 3.5 m wide) to be cut. The trail lengths varied from 30 m (aggregated cuts) to 120 m (dispersed cuts) depending upon the prescription. The model assumed that all merchantable timber within the trails and shelterwood cuts would be utilized, recognizing, in some situations involving small cuts, that utilization would not be feasible. For each of these prescriptions, the timber yields, management cost, and harvesting cost of the non-traditional prescriptions (A, B, C, and D) were compared to those of a more traditional prescription, represented by E.



Prescription A was composed of five individual 0.4 ha cuts spaced 30 m apart. Prescription B differed from prescription A in that the cuts were spaced 120 m apart. During implementation, timber from prescriptions A and B was not utilized and instead left as slash (Figure 2). However, our models included both utilization and non-utilization for comparison. Prescriptions C and D were composed of two 3.6 ha cuts spaced 30 or 120 m apart, respectively. Prescription E was a continuous 8.1 ha cut, requiring no trails. Timber was assumed to be utilized in Prescriptions C, D, and E.


Figure 2. A 0.4 ha patch cut where timber was left as slash on the Nantahala National Forest, North Carolina, USA.
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2.2. Cost and Revenue Relationships


The costs varied across the prescriptions mainly due to differences in timber harvesting, mainly relating to harvesting machine productivity (which is impacted by timber species, stand composition and density, slope, and stem size). The prescriptions affected how efficiently the stands could be harvested, and this had the largest influence on costs. Timber harvesting costs generally decrease with greater average tree diameter, lesser slopes, and greater stand density [58].



The calculation for estimating the cost of cutting trails (TC) within each prescription was primarily based on trail area and the average yield from that area. The trail area in hectares was multiplied by the average yield per hectare to obtain the total timber volume consumed by the trails. This total timber volume multiplied by the harvesting cost per unit of timber volume produced the trail cost. A general description of the parameters used in the cost calculations is presented in Table 1.



Table 1. Descriptions of the five timber harvest prescriptions in terms of the parameters used in the cost calculations to determine the trail area, timber volume in trails, and timber utilization in the Nantahala National Forest, North Carolina, USA.







	
Prescription

	
Description of Parameters






	
A

	
Five individual 0.4 ha timber cuts spaced 30 m apart and no timber utilized.




	
B

	
Five individual 0.4 ha timber cuts spaced 120 m apart and no timber utilized.




	
C

	
Two individual 3.6 ha timber cuts spaced 30 m apart and timber utilized.




	
D

	
Two individual 3.6 ha timber cuts spaced 120 m apart and timber utilized.




	
E

	
Continuous 8.1 ha timber cut, no trails, and timber utilized.










The cost of conducting the actual shelterwood or patch cut (SWC) was obtained by multiplying the area of each cut by the average timber yield to calculate the volume of timber within each patch cut:


SWC = TCA × ATY



(1)




where SWC is the shelterwood cut cost, TCA is the timber cut area in ha, and ATY is the average timber yield in tons per ha. This timber volume was reduced by the percentage of retention within each patch cut to obtain the harvested timber volume, which was multiplied by the average cost of (cut and load) harvesting to obtain the SWC. The hauling cost (HC) was calculated by multiplying the average hauling distances to the mill by the transportation cost per km per ton and multiplying that product by the total tonnage of timber hauled:


HC = AHD × CT



(2)




where HC is the hauling cost, AHD is the average hauling distance in km, and CT is the cost of transportation in dollars per km per ton.



The periodic management cost represented practices such as chemical control and precommercial thinning. Herbicide applications remove undesired plant species, and the cost of herbicide treatment was on a per hectare basis. The herbicide or precommercial thinning cost was simply the area treated multiplied by the cost per hectare of conducting the treatment. Three standard forest management practices were applied to all five prescriptions: precommercial thinning (PTC), a cost at year five in the cutting cycle; chemical release (CRC), a cost at year 15 in the cutting cycle; and a commercial thinning (CTR), a revenue at year 40 in the cutting cycle. A standard annual management cost (AMC) was considered in the model. Annual management costs are the only costs that occur every year and were discounted separately due to this temporal difference. The total timber harvesting cost (TTHC) for each prescription involved summing each of the prior component costs:


TTHC = TC + SWC + HC



(3)




where TTHC is the total timber harvesting cost, TC is the cost of cutting the trails, SWC is the cost of conducting the shelterwood or patch cut, and HC is the hauling cost.



The timber revenue (TR) from each prescription was based upon the average stumpage price within the region multiplied by the timber volume harvested from the prescription area (less timber retained on the site) and included timber harvested from the trails. The trail tonnage was added into the revenue due to the assumption that the merchantable timber cut from the trails would be utilized. Since this timber is managed on a 70-year cutting cycle, cash flows will also occur on that cycle. Thus, a cutting cycle in years (70 years) is used to discount all cash flows, except the annual one. The net revenue (NR) was used in the financial calculations and is TR minus TTHC:


NR = TR − TTHC



(4)




where NR = net revenue, TR = total revenue, and TTHC = total timber harvesting cost.




2.3. Financial Parameters


The economic analysis utilized silvicultural data from the NNF and published Southwide average timber prices and costs in 2013. This is the last year for which complete yield and financial data were available and the year in which harvesting began; inflation has been minimal since 2013 [59]. Fuel consumption of 12 L/km on haul trucks and an estimated cut and load-logging rate of $12.17 in 2013 were used in the calculations [60]. Loggers in the Southeast traveled an average of 79 km to reach the mill [58]. The timber yield within the NNF averaged 100.7 tons per hectare [55]. The revenue was based upon the 2013 Southwide mixed-hardwood sawtimber average stumpage price of $27.58 per ton [61]. National forests are managed for perpetuity, and the calculations accounted for this assumption at a $12.36 per ha annual management cost.



The management costs were relevant to all prescriptions. These estimated costs were $74.13 per ha for chemical release at year five, a pre-commercial thinning at year 15 costing $123.55 per ha, a commercial thinning at year 40 producing revenue of one-third the final harvest level, and a final harvest at year 70. Timber harvests within the NNF produced an estimated $2498.85 per ha at final harvest [56]. The transportation cost of moving the equipment to the actual site was not included because, operationally, the equipment would already be on site, and cutting within each experimental unit would simply be altered. In terms of incremental analysis, the transportation costs would be identical and could be omitted from the calculation.



The net present value (NPV) is the standard financial criterion to measure the difference between alternatives (such as differing harvest patterns). The incremental approach uses NPV and considers the differences between the prescriptions in terms of cash flows, after factoring in the time value of money. NPV was calculated as if the cutting cycles occurred on a perpetual basis; that is essentially a version of the standard land expectation value or bare land value calculations that is commonly applied in forest valuation [62]. All costs are assumed to be compounded to the end of the cutting cycle and that value is calculated as a perpetual periodic cash flow based on repeated cutting cycles. The general formula for the NPV calculation is:


[image: ]



(5)




where NPV is the net present value, NR is the net revenue at the beginning of cutting cycle, CTR is commercial thinning revenue, IC is the intermediate cost, C is the cutting cycle length in years, Y is the year in which intermediate cost occurs in the cutting cycle, and i is the interest rate, expressed as a decimal.



A 4% interest rate was used for discounting; this is a real interest rate (net of inflation) and appropriate for an analysis of this type [63,64]. The first term on the right side of the equation discounts the revenue and costs compounded to the end of a cutting cycle and converted to a perpetual periodic basis, and the second term discounts the annual management cost on a perpetual annual basis [65]. The net present value is given below:
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(6)




where NPVp is the net present value for prescription p; p is equal to A, B, C, D, or E; NR is the net revenue, CTR is the commercial thinning revenue, PTC is the precommercial thinning cost, CRC is the chemical release cost, and AMC is the annual management cost. The future value of one cutting cycle was determined and then put on a perpetual basis. This technique is standard forest valuation practice [62].





3. Results


3.1. Costs and Revenues


Chainsaws were used on prescription A and B to conduct the 0.40 ha patch cuts at a cost of $1900 and $2700 per ha, respectively [56]. However, operationally, this harvesting would typically be used as part of the regular harvesting operation using equipment already on site. All timber within the five 0.4 ha patch cuts was felled and left in the patch cuts, with no additional management. Not utilizing the timber resulted in no associated hauling cost, but incurred an opportunity cost for foregone timber revenue of $5744.07 for prescription A and $7796.97 for prescription B. Of course, some additional value could result from the resulting structural change to habitat, and this opportunity cost could be offset by the ecological benefits provided to wildlife and plants.



The annual management costs varied among treatments because the impacted area varied by prescription. Each prescription had differing trail areas and timber harvest areas (Table 2). Larger prescriptions such as D and E had greater total area harvested and thus greater management costs than prescriptions with less area (prescriptions A and B).



Table 2. The costs associated with timber harvesting per hectare assuming that all timber was utilized, and trail area and timber volume in trails for five timber harvest prescriptions in the Nantahala National Forest, North Carolina, USA.







	
Prescription

	
TC ($) 1

	
SWC ($) 2

	
HC ($) 3

	
TTHC ($) 4

	
TA 5

	
TVT 6






	
A

	
371.66

	
2459.50

	
1481.88

	
4313.04

	
0.28

	
27.7




	
B

	
1481.16

	
2459.50

	
2062.61

	
6003.27

	
1.10

	
110.4




	
C

	
16.40

	
8854.18

	
4643.03

	
13,513.61

	
0.01

	
1.2




	
D

	
60.12

	
8854.18

	
4665.90

	
13,580.20

	
0.04

	
4.5




	
E

	
0.00

	
9837.98

	
5149.38

	
14,987.36

	
0.00

	
0.0








1 Trail cost, 2 Shelterwood cut cost, 3 Hauling cost, 4 Total timber harvesting cost, 5 Trail area (ha), and 6 Timber volume in trails (tons).








The total costs per hectare for the five prescriptions (including trails) are presented in Table 2. As expected, increased trail area (dispersed cuttings) was associated with a higher per ha total cost. Prescription B required the most area in trails, while prescription A required the second most. Prescription E did not have any costs associated with trails due to it being one continuous 8.1 ha cut. Differences in patch cut cost and hauling cost were dependent upon the amount of timber removed from each prescription.




3.2. Net Present Value (NPV)


Prescriptions C, D, and E had the highest NPVs (Table 3). Prescriptions A and B produced the lowest NPVs due to a smaller harvest area with substantial costs. Two factors had the greatest impact on NPV. First, prescriptions varied by trail requirements, and trails represented a substantial cost. Plus, trails can have an effect on timber revenue. Second, the harvest area varied by prescription, resulting in a timber yield difference between prescriptions. NPV was largely controlled by the factors that impact the volume of timber produced by the patch or shelterwood cuts and the harvesting cost incurred to obtain that timber, including trails moving from patch to patch. Those are simple factors like size of the patch cuts, spacing between patch cuts, and the trail area required to move from patch to patch. Our results are simply based on the cash flows (costs and revenues) that result from prescription differences that vary due to those factors.



Table 3. The costs and revenues considered in the net present value (NPV) calculation by prescription per hectare, with calculated NPV using a 4% interest rate for five timber harvest prescriptions in the Nantahala National Forest, North Carolina, USA.







	
Prescription

	
TTR ($) 1

	
NTR ($) 2

	
CTR ($) 3

	
CRC ($) 4

	
PTC ($) 5

	
AMC ($) 6

	
NPV ($) 7






	
A

	
5744.07

	
1431.03

	
472.24

	
170.40

	
284.00

	
28.40

	
606.16




	
B

	
7796.97

	
1793.70

	
592.91

	
231.30

	
385.50

	
38.55

	
653.11




	
C

	
18,233.44

	
4719.83

	
1557.54

	
540.90

	
901.50

	
90.15

	
2126.65




	
D

	
18,314.34

	
4734.14

	
1562.27

	
543.30

	
905.50

	
90.55

	
2128.51




	
E

	
20,225.67

	
5238.31

	
1728.64

	
600.00

	
1000.00

	
100.00

	
2362.19








1 Total timber revenue from patch cuts and trails, 2 net revenue after harvesting costs, 3 commercial thinning revenue, 4 chemical release cost, 5 precommercial thinning cost, 6 annual management cost, and 7 net present value at a 4% interest rate.








We noted that Prescriptions A and B might be implemented by conducting the cuts with chainsaws without utilizing the harvested timber. This obviously would reduce NPV from the values in Table 3. Using this assumption with the other standard costs in the analysis, the NPVs of prescriptions A and B were −$4951.93 and −$5913.47, respectively. The non-utilization of timber represents an opportunity cost, and, perhaps, the ecological benefits of such a cut may reduce these negative NPVs if added to the analysis.





4. Discussion


The prescriptions we analyzed and the resulting harvesting scenarios provided a framework to evaluate the opportunity cost of creating ESHs to support wildlife populations such as bats. The main opportunity costs were related to foregone timber revenue, additional trails necessary for the various prescriptions, and differences in patch cut and hauling costs. Close observation of the harvesting patterns, especially distances between the individual cuts, illustrates what drives these cost differences. Some prescriptions require additional trails and harvesting equipment movement; this becomes costly. The results identified the key cost components that impact the financial returns of forest management that creates ESH, and these have useful management implications.



One observation is that the interaction of the silviculturalists and wildlife management professionals is crucial to providing ESHs for the protection of wildlife species [66]. The ESH differences that resulted from the prescriptions did create structural changes to habitats that would influence bat populations. The cost implications of those changes become clearer when component costs are identified and the impacts on NPV are determined. That was the main result of this research, and it will allow wildlife managers to better estimate the opportunity cost of establishing ESHs. Cost factors related to pattern differences interacted to determine the functionality of silvicultural prescriptions in creating viable wildlife habitats related to the elements known to influence endangered species populations like disturbance patterns [67], rotation age [26,68], and edges [69,70]. Often these frameworks are evaluated on a financial basis, and we presented a functional model to perform that type of evaluation.



Our results complement simultaneous research on the NNF that utilized the same ranger district for a study that determined how ESH opening size, the presence of edge, opening shape, prey abundance, vegetation structure, and environmental factors affect bat activity [55]. That study concluded that, in the southern Appalachian Mountains, opening size did not affect bat activity, but that forest managers creating ESH to benefit bats should focus on maintaining an open vegetation structure, configure openings to maximize edge relative to opening area, and create openings at lower elevations [55]. Our results add an economic context to that related research and would aid in addressing the cost-effectiveness of implementing those recommendations.



Different cost interactions between each silvicultural prescription rely on a number of key parameters. The distance between each cut and the cut size are primary factors that affect the cost of implementing prescriptions. As the area of the trails increased, so did the per ha cost of conducting the cuts, most likely as a result of increased amounts harvesting equipment moved between smaller cuts. Minimizing the trail area reduces the overall harvesting costs.



Dispersed cuts (prescriptions B and D) reduced the financial viability, mainly due to increased harvesting costs resulting from additional trail area. Prescription E, with the highest total harvest area, benefitted financially from the absence of trails. This dispersal pattern is the fundamental factor that separated prescriptions B and D from the less dispersed prescriptions in terms of NPV.



Prescriptions A and B effectively produced smaller tracts to harvest with less overall harvested timber. In contracting logging operation, no bids were received from private logging companies to carry out prescriptions A and B, demonstrating their reluctance to cut small tracts of land [56]. Economies of scale, both in terms of reducing operational costs and increasing revenue, play a large role in determining financial expediency in timber harvesting operations [71,72]. These economies of scale played a large role in determining the NPV of the harvesting options.



Prescriptions C and D are financially feasible alternatives to increase ESHs in the forest and may be more effective in supporting wildlife such as birds [9], although the effects of cut size on amphibians and reptiles are unknown [73]. The activity of bats in this area did not vary with patch size [55], showing that feasible options for the current forest management regime exist.



The NPVs were based on a 70-year cutting cycle, and it is likely that higher NPVs could be obtained using shorter cutting cycles like those used in commercial timber production. However, since the prescriptions produced similar NPVs, shortened timber rotations would be expected to produce an equivalent ranking of management alternatives.



Studies of state natural resource agencies in the northeastern United States found timber harvesting to be an important tool to promote ESH and suggested increasing its use in developing ESH through alternatives that employ cost-effective management techniques [16,28]. Our research demonstrates a cost-effective technique that created various sized patches or gaps after timber harvest, and patch size has been shown to be crucial for some endangered species [1,6,10,26].



Operationally, the creation of these patches via timber harvest depends on forest landowner resources and objectives, and the variability of timber harvesting costs in patch development will determine the viability of this option [74]. We addressed this variability and identified factors that impacted these costs. More importantly, we actually estimated the costs of these options, and, while the relationship between timber harvesting patterns and timber harvesting costs is well known, few studies have addressed the actual estimated costs of establishing the patterns [75,76].



The management implications of these results are practicable. The management guidelines for establishing ESH commonly discuss creating small gaps in the forest, logging and timber harvesting obstacles to accomplishing that, and cost limitations that limit harvesting options [46,77,78]. Our study provided cost estimates of those limitations. These cost considerations and relationships are common to many discussions of creating ESH in terms of gaps and patches; our contribution is on-the-ground estimates of the actual costs that drive those relationships [79,80].



We have discussed forest management options to create ESH and identified the opportunity cost related to dispersion patterns. Wildlife managers will have to weigh these costs against the incremental value or benefit to wildlife. Often these decisions are based on benefit/cost analyses, and these opportunity costs are relevant parts of the discussion. A better understanding of the cost structure of creating ESH will allow for more effective preparation in the natural resource planning decision-making process and should allow for limited resources to be best-utilized to protect endangered and threatened species.
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