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In the last four decades, the southeast has experienced a land-cover transformation trend of forest-cover loss, As expected, we did not detect Brown-headed Nuthatches (Sitta pusilla) in all of our 53 patches. Of the total 2623 detections (66 species), we detected Total Nuthatch Detections
driven by urban development and land-use demands (Drummond and Loveland, 2010). The Piedmont conservation our species of interest 65 times, at 23 sites. These sites, interestingly enough, were not all embedded within a protected matrix. bv Matrix T
region (Figure 1), historically dominated by pine and mixed southern hardwoods, has experienced the greatest net DO LA CHN M OUNTAINS Our data show that the ecologically-sensitive Brown-headed Nuthatch (S. pusilla) is more abundant in urban and peri-urban landscapes (Figure 7). This y Mmairix lype
change in forest cover of the eastern ecoregions (Drummond and Loveland, 2010). Increasing fragmentation of it spatial variation in species occupancy suggests many urban ecosystems are of unexpectedly higher quality and may provide important refuge for biodiversity. Aaricul
. . . . . R . . . . . - . . “ ” . . . . riculture
remaining habitat creates complications for wildlife populations as species occurrence is spatially determined by RN ENGLAND HIG-ATLANTIC CORST In Iglecia et al. (2010), nuthatches are described as “urban adaptors,” meaning they may be quick to colonize new systems, and therefore could potentially 9
occupancy factors like movement/dispersal, resource availability, and the abiotic environment (Driscoll et al., 2013). E PENINSULAR FLORIA serve as indicators of ecosystem health amidst urbanization. Protected
Avian cavity-nesting species are among the most threatened by recent forest-cover change—particularly those B SOUTHEA STERN COASTAL PLAIN In our N-mixture model analysis (Table 1), patch area was a strong predictor of nuthatch occupancy, with larger patches being more suited than small B Recreation
. . . OACIV Administrative Bound . . . . . . . . . . e . .
whose reproductive success is thought to depend on mature or old-growth stands (Cockle et al., 2011). The pine- e T (Figure 8). This finding is consistent with papers that determine specific ecological thresholds of minimum patch size for songbirds (Butcher et al., 2010) and ® Semi-urban
specializing Brown-headed Nuthatch (Sitta pusilla) is one such species, whose population has been approximately Carribean Basin the basis for strategies of conservation of large contiguous habitat. Other patch-level variables that played a role in top models involved tree/pine density
. H : ’ . H . . Puerto R rd the U.S. Virgin Islands* . . . . .
cut in half over the last century (Figure 2; Sauer et al., 2011). South Carolina’s Comprehensive Wildlife Conservation (Pusrto Floo srdhe .5, rain [Sars?) and, to a lesser extent, canopy structure. Denser pine stands with taller and denser canopies were better predictors of nuthatch occupancy (Figure 9-10).
Strategy (2005) and the Open Pine Landbird Plan (2011) recognize this species as among the highest priority bird i::?, These results reinforce prior studies of nuthatch behavior, which suggest that they nest high in the canopy of dense, mature pine stands, but forage a little Figure 7. This pie chart shows the observers' detections
species for the state of South Carolina. - = lower, in the open canopy of less dense pines (Withgott and Smith, 1998). of Brown-headed Nuthatches in i
) ) - pine patches across four
Given the trend of habitat loss and fragmentation, data are needed to evaluate conservation strategies for A, Posrb Je0 11 Rt rhrsd e o Most striking in our analysis was the significance of landscape-level factors. Of the top 8 models, system (matrix type of the patch) and amount of pine matrix types in the Upstate, out of 65 total detections.
suitable remaining habitat, from both patch and matrix perspectives. A habitat “patch” designates the local, usable ' within 500m were each featured in half. Simply put, the more pine habitat available in the approximate home range of a nuthatch, the more likely they are to
habitat of a species, distinguishable by clear boundaries (i.e. a stand of trees), and the “matrix” is the surrounding 5(')?;;’Se1n-tu?g‘?nigt‘if’g"§t;1°e”P'?:gr'r?gst'pe”:g nAit;aQ:ka?::; occupy a patch. A connection may exist between these landscape variables—for example, the development that results from converting forested to semi-
non-habitat area in the larger landscape. The discipline of landscape ecology has placed increasing importance on ' J green. urban or recreational systems causes fragmentation of the remaining trees, which means there are more numerous, although small, patches scattered across Table 1. Top Models by AIC Values
factors beyond patch size and isolation in determining habitat suitability for a species (Butcher et al., 2010; Fahrig, the landscape. This trend was certainly true at many of our sites and for dispersing birds it means more potential territory to claim.
2013). In addition to patch quality, which is determined by local microhabitat variables, matrix composition 10 7 The negative relationship of pine tree basal area (PineBA) to occupancy (Figure 11) was also noteworthy. We hypothesized PineBA (representative of ';"°d:/: | k6| 1{;‘3¢34| AQ'()COM'SV;; |°“m':)"‘2";t
(Vandermeer and Perfecto, 2007) and ecological thresholds involving landscape structure have been shown to limit s tree volume) in each patch would be a strong positive predictor of occupancy because older, thus larger, pine trees are more likely to contain cavities ideal for Tfe:De:Z?ty+Pinesoom+Sy5tem Tol 19360l o026 020 043
breeding success of sensitive birds (Butcher et al., 2010; Driscoll et al., 2013). nesting. Upon reflection, we realized that our patches with the largest pines are often composed of a few remnant pine trees surrounded by hardwoods and PatchArea + Pine500m + System 10 19424 090 014 057
These data need to be collected for remaining scattered habitat patches and used to test the relative effect of g " are therefore of lower-quality nesting habitat, but the stands of smaller pines are in stages of early-successional growth and less interspersed with other plant Pine500m + System 9119425 081] o4 071
H H H H . . B . . . . . . . v s . PineDensity + PatchArea * 7 19532 198 0.08 0.80
patch- and landscape-scale drivers of species occupancy (Withgott and Smith, 1998; Yamaura et al., 2008; Chandler a - species, and therefore provide more potential foraging habitat. Clearly, even for seemingly straightforward patch-level characteristics, aspects of the matrix batchArea + Pine500m 7T 196.05] 2.70] 006l 086
et al., 2009; Iglecia et al., 2010). Furthermore, these data need to be collected from areas not considered as part of . play an integral role in determining suitable habitat. PineBA + System * 9 19676 342 004  0.90
H'H H H : : PineBA + PatchArea 7 198.67 532 0.02 0.91
traditional copse_rvatlon efforts, including urban (Ramalho and Hobbs., 2011) and managed gcosygtems (Quinn 2012). _ T T res e o010
The objectives of this study are to conduct a multi-scale analysis of the effects of habitat variables on Brown- ¢ ; ; : . ; PineDensity 6 19971 637 001 _ 094
headed Nuthatch (S. pusilla) occupancy and spatial distribution in the greater Greenville area of South Carolina. By e oo teee 2000 2010 ° =B = o TreeDensity 6 19985 651 001 094
. . . g . . . . Year © i
understanding the local- and landscape-drivers of an ecologically sensitive species, we can build a predictive model Figure 2. Regional Breeding Bird Survey trend of Brown- o | / 2 - 2 - / 2] e TR TR
of species occurrence and contribute to regional conservation efforts of both habitat and biodiversity. headed Nuthatch population (Index) in South Carolina g o § S I £ 8- § ° Pine50m 6 20020 686 001 _ 097
(Sauer et al. 2011). g < | g S 4 g T g e CanopyCover + CanopyHeight 7 200.75/ 7.41 0.01 0.97
© : o ~ | «~ CanopyHeight + TreeDensity 7 200.79 7.45 0.01 0.98
S ° ° — T TreeBA 6 20139 805 000 098
m - S ° T T T T S T T T T T T T = CanopyHeight + CanopyCover + PineBA + Patc 9/ 201.44 8.10 0.00 0.99
T T T T T T T T T T T
II_ Meth0d0|ogy St“dy LOCﬂthllS 1mn the UpState 0 20 20 60 80 100 0 2 40 60 8 20 40 60 & 100 120 140 0 1000 2000 2000 4000 Pine500m 6 201.64 830 0.00 0.99
Distance Between Pines (m) Canopy Height (ft) CanopyCover + TreeDensity 7 201.69 835 0.00 0.99
. . R R . . . - Patch Area Pine BA
Bird Surveys: We conducted point-count surveys in 53 pine stands in Greenville, Laurens, and Pickens counties e This table shows the top models, sorted from most to least
(Figure 3). We surveyed each patch four times in the season (May— July 2013) using 10-minute point counts. A Figure 8. This plot shows the relationship between  Figure 9. The relationship between pine density Figure 10. The relationship between the Eg:sre (l%ai?ofrﬁiﬁf&irg biit‘“;ee”atbcisa; r?(;eilf’t‘;g'trc‘ﬁ predictive of nuthatch occupancy. The AAIC value
Observers conducted surveys between dawn and 1045 hours (Figures 4-5). Detection is imperfect, so we included s patch area (in square meters, adjusted by x10) (measured in meters between pine trees) and height of the canopy (in feet) and nuthatch quare P : describes how close one model is to the best model
’ NORTH ROLI and nuthatch occupancy. The relationship is clearl ; ; : occupancy, with system type as a cofactor. The lighter . .
. . . . . ° CAROLINA pancy. p y nuthatch occupancy, with patch area included occupancy. Shows that stands with a ) o . (better models are <4.00), and the cumulative weight
observation covariates (by recording wind speed on a Beauford scale, percent sky cover, and volume of ambient positive, with nuthatch occupancy most likely to : grey lines are upper and lower limits of the confidence . ’ . -
) i . ) ) ) oceur around or above 50 (5000 square meters) as a cofactor. Shows that denser stands are higher canopy (taller trees) are more interval, while the dark line shows the inverse (cumltvWt) value is lower for more ecologically significant
noise on a 0-10 scale) and did not conduct surveys in persistent rain or wind. S : more predictive of occupancy. predictive of occupancy. relationship between volume of pine and occupancy. results. (Models marked * are graphed to the left).
Patch: We collected vegetation data on each study patch by replicating 5 surveys along a 100m transect: the point- Nz ' i
count site at its center and sampling at 25m- and 50m-points in a randomized bearing from there. We used the point- 4 L =
center-quarter method (Mitchell, 2007) to estimate density of trees (all species and just pine species) and shrubs. . Iv. CO“CIUSIO“ V. FUtu re Resea I‘Ch
We collected DBH information on surveyed trees in order to calculate basal area. In addition, at each point we - SOUTH CAROLINA The results of our multi-model analysis make it overwhelming clear that variables at both the local- and A second field season of data collection is already planned for May-August 2014—this
measured canopy height and cover, and number of snags (dead but standing trees, which often have nesting landscape-level influence Brown-headed Nuthatch (Sitta pusilla) occupancy of habitat patches. Our findings will expand our dataset and improve the accuracy of our models. An additional 20 sites may
cavities). SRS confirm that Brown-headed Nuthatches (S. pusilla) are sensitive to patch quality in terms of size, stand density, be added to create a larger sample size and broaden the variety of patch and matrix types.
L . and canopy structure. We revealed that the cumulative area of pine habitat outside a suitable patch is a This field work will be continued by myself, Dr. Quinn, and new Furman Advantage students.
Landscape: Patches were embedded in either a protected, managed (agroecosystem), or suburban matrix. We : " e . . . ) - ) : ) :
. : : powerful factor in determining the species’ distribution. The pattern of spatial variation that we found, in terms With the existing data, further analyses will be run. The same habitat variables will be
used ArcGIS tools to conduct spatial analyses of the landscape: patch area, land cover type, and amount of pine . : , : .. . ) : ) . : . :
) oy h : : Figure 3. The 53 study sites for this study. Each point in of detections per matrix type, is encouraging for the future of nuthatch conservation in an increasingly human- analyzed for other pine-dwelling species, such as the Carolina Chickadee, Tufted Titmouse,
habitat within 50m, 100m, 500m, and 1000m of the patch. Pine habitat was extracted from SC GAP vegetation data 9. 1 udy. : . : . s
(SC DNR) and overlayed on ortho imagery files of each county, which were obtained from Geospatial Data Gatewa Greenville, Pickens, and Laurens counties represents one dominated landscape. and Red-Bellied Woodpecker. A comparative analysis of the species’ top models would then
(USDA). The spatial Znal st toolset wgs rgsed o calculate are); and summarize data by stud gtch (Figure 6) y pine patch where our data was collected. Management for this high-priority species can be guided by land-owner decisions to retain and be possible, and evaluations of the Brown-headed Nuthatch’s status as a true indicator
' P y y yPp 9 ' ] ] reestablish pine habitat and is feasible outside of protected systems. “Indicator” species—whose habitat species could be evaluated. A wider array of variables, at both the patch- and landscape-
Data Analysis: We used binomial N-mixture models (Royle, 2004) to predict the relationship between estimated bird Multi-scale Landscape AnalyS|S requirements meet those of other species too—like the easily-detectable Brown-headed Nuthatch (S. pusilla) level, could be incorporated in future analysis, including shrub density, vertical structure of the
occupancy and relevant habitat variables, on a patch- and landscape-level. Detection is necessarily varied and will be critical for research investigating the conservation value of novel ecosystems, like urban systems of pine stands, and amount of urban area and protected area in 500m.
imperfect, but N-mixture models use spatial and temporal replication to estimate occupancy while adjusting for ' s parks and green space (Hobbs et al., 2009). Results of our research will be reported to the respective owners of our study areas.
survey-specific covariates affecting detectability (Chandler et al., 2009). We utilized “unmarked” package (Fisk and Legend
Chandler, 2011) in program R (2011)A for this occupancy analysis. We created 30 predictive models and compared VI ACknOWIEd ements VII References/ Data Sources
their AIC values (Akaike Information Criteria) to rank models in order of best fit to the data in order to parse out the = Ealchasmipling ol . g .
i LN { YRR ] —— Hry i~} Patch Boundary Butcher, J. A., Morrison, M. L., Ransom, D., Slack, R. D., and Wilkins, R., 2010, Evidence of a minimum patch size threshold of reproductive success in an endangered songbird: The Journal of Wildlife Management, v. 74, no. 1, p. 133-139.
vdriabies with the strongest efiect on nutnaten occupancy. Chandler, R. B., King, D. |., and Destefano, S., 2009, Scrub—Shrub Bird Habitat Associations at Multiple Spatial Scales in Beaver Meadows in Massachusetts: The Auk, v. 126, no. 1, p. 186-197.
:I 50 m buffer y Cockle, K. L., Martin, K., and Wesolowski, T., 2011, Woodpeckers, decay, and the future of cavity-nesting vertebrate communities worldwide: Frontiers in Ecology and the Environment, v. 9, no. 7, p. 377-382.
. . . . 100 m buffer \ i Driscoll, D. A, Banks, S. C., Barton, P. S., Lindenmayer, D. B., and Smith, A. L., 2013, Conceptual domain of the matrix in fragmented landscapes: Trends in Ecology & Evolution.
Pine Habitat in Matrix :l CarolinarBird CIU? Drummond, M. A., and Loveland, T. R., 2010, Land-use pressure and a transition to forest-cover loss in the eastern United States: Bioscience, v. 60, no. 4, p. 286-298.
- P 500 m buffer Fahrig, L., 2013, Rethinking patch size and isolation effects: the habitat amount hypothesis: Journal of Biogeography, p. n/a-n/a.
< ) - X Amount of Pine . . . Fiske, I., and Chandler, R., 2011, unmarked: An R package for fitting hierarchical models of wildlife occurrence and abundance: Journal of Statistical Software, v. 43, no. 10, p. 1-23.
/§¢ % ? D:nmmmmm 1906 aubufies This Pro_JI_eth kwaf rlr_\lade Eosstlblef by th_e teffOFtS ?f: Hobbs, R. J., Higgs, E., and Harris, J. A., 2009, Novel ecosystems: implications for conservation and restoration: Trends in Ecology & Evolution, v. 24, no. 11, p. 599-605.
Viin: ’\T:\?? < [ pre Haotat many! anks to Ryan Ernstes for assistance wi Iglecia, M., 2010, Occupancy Modeling and Strategic Habitat Conservation for Avian Species in the Southeastern Coastal Plain of the United States.
£ . - ﬂ: L FRe SRR summer field work (point-count surveys and hours of Quinn, J. E., 2013, Sharing a vision for biodiversity conservation and agriculture: Renewable agriculture and food systems, v. 28, no. 01, p. 93-96.
r\,ngy» %ﬂ“ 4,55’/?33& 9;—,4 \\j Patch featured: drivi Thank t(pJ h Smith f y isti ith Quinn, J. E., Brandle, J. R, and Johnson, R. J., 2012, The effects of land sparing and wildlife-friendly practices on grassland bird abundance within organic farmlands: Agriculture, Ecosystems & Environment, v. 161, no. 0, p. 10-16.
Md/ . E]’:D—/:F Lt/ ] Hillwood Lane nwrlg{: anks ob (t)l’? ] u?h I']I]I Id orda_ss(ljs ::ng V‘;' Ramalho, C. E., and Hobbs, R. J., 2012, Time for a change: dynamic urban ecology: Trends in Ecology & Evolution, v. 27, no. 3, p. 179-188.
v f;\ » Wi | vegetation surveys—potn In the Tield andad in data entry. Royle, J. A., 2004, N-Mixture Models for Estimating Population Size from Spatially Replicated Counts: Biometrics, v. 60, no. 1, p. 108-115.
hv P Kg,m 5 QDP \KJ Pickens cou nty Thanks to Furman Advantage for awarding me the Sauer, J., Hines, J., Fallon, J., Pardieck, K., Ziolkowski Jr, D., and Link, W., 2012, The North American Breeding Bird Survey, Results and Analysis 1966—-2011. Version 12.13. 2011, Laurel: USGS Patuxent Wildlife Research Center.
AﬂmL N . research feIIowship which provided funds for Smith, A., Francis, C., and Fahrig, L., 2013, Similar effects of residential and non-residential vegetation on bird diversity in suburban neighbourhoods: Urban Ecosystems, p. 1-18.
. . A 4 ) ) . Vandermeer, J., and Perfecto, I., 2007, The agricultural matrix and a future paradigm for conservation: Conservation Biology, v. 21, no. 1, p. 274-277.
R + 9> \ . R PR equipment and employment and to Carolina Bird Withgott, J. H., and Smith, K. G., 1998, Brown-headed Nuthatch(Sitta pusilla): The Birds of North America, no. 349, p. 24.
T:| > . =} ; : : c Club for accepting my conservation grant which Yamaura, Y., Katoh, K., and Takahashi, T., 2008, Effects of stand, landscape, and spatial variables on bird communities in larch plantations and deciduous forests in central Japan: Canadian Journal of Forest Research, v. 38, no. 5, p. 1223-1243.
- . = 0 150 300 600 900 1,200 H H
< -_— m \Vleters Ima e '2011 Plckens Count Ortho Mosalc prOVIded fundS fOf' travel COStS. A blg thank y0U tO AData Analysis d ith R:
L 4 a gS(?{jrce: Geospatial DatayGateway, Mike Winiski, GIS instructor, for countless questions o ii?%l%&nv%?i%VA%;?E{%ZE%S;1%;(5;lezq%L)‘?ﬁeR?sr;Sd?ggg??)em for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/.
Natural Resources Conservation Service about spatial analyst tools. And finally, a huge thank | | Figure 1 map from Atiantis Coast Jaint Venture Inative, :
you to Dr. John Quinn for the training’ equipment, IA;II Othe:;mapsDCFfatSed With'E?Rlp;rinDleSktt?p10(2032d):f I llected UTM dinat ith a GPS device, in the field (North Ameri Dat NAD]83). 2)3 ti f int t selected fi | f dat | ties in SC, NC, and GA, originall
(left) ( ) f glg?rede Ag| exampletﬁf t|he (-Sjpatial a-naIySiS (l)f Iandfape- COﬂd;Jl().‘,tef? in ArCMap 1(: (;i?,ht in:ﬁge)' Th? “Hi"V\{O?d Ij[asnoe” pi]noeopatgg(i)s Supervision, R COding; GIS |ayer5: revision, frequent d:?vtljrzleoadn:ﬂro;?heoarscgi NaztsfarRe()s%i:ggz ggr?siwar(t)i?npéeerfv()izg,)rll-g:teiicoen the USCIngs Igzgspg’ltial%ata Ga?g\llscl::),/l\?vebzitf( e mencan Daum! ! ).).3) z)accl;(%l:gulﬁz ?n;rr]) irfefi;u?este:;ees u;zrgsagyferg% Ei\ﬁrgz;Zﬁ?;iisi/zltjgnisl'\l’gsea;’ch Ih:tri]tute (I,Egrllell)nSa)tla & Maps
Figure 4 (left) and Figure 5 (right): Images of data collection by Jesse Wood and Ryan Ernstes, Igitized In blue, over the landascape imagery layer. A serious of buffers were created irom the sampling point: a m, m, m, meetinas and even more freqguent emails. Thanks for Online (2012)
captured by a GoPro camera. Point count-detection datasheet and Conducting a survey. and 1000m. This step allows for a calculation of the amount of pine habitat in the matrix, within each of these distances of the point . 9 t tak q first E Figure 6 map Data Sourf:es: 1) patcr_l locations cregted from personally-collected _UTM coordinates YVith a GPS device, in the field (NAD83). 2) pe_ltc_:h boundary manually c_reated in ArcMap 10 (2012) by creating polygon features. 3) 50m, 100n_1, 500m,_ 1000m buffers manually
left i t agreeing 10 take me on as your Tirs urman created from patch locations layer using buffer tool in ArcMap 10 (2012). 4) Ortho imagery layer of Pickens county comes from a downloadable Digital Ortho County Mosaic of 7.5' quads by APFO from the USDA Natural Resources Conservation Service, hosted on the USDA's
(left inset). Advantage Underg raduate Research advisee! Geospatial Data Gateway website ( ). 5. Land cover layers based on SC GAP vegetation data was obtained from the GIS download page of the SC Department of Natural Resources (DNR) website ( ). 6)
A shapefile of pine habitat was created by selecting all pine-related land cover categories from the SC GAP vegetation layer (see above).
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