Introduction:


Dr. Thomas Quay set out in 1938 with a specific problem in mind stating that he wanted to “determine the ecological succession of winter birds” here in Raleigh North Carolina “in relation to the plant succession of upland areas” (Quay 1940).  In Dr. Quay’s 1938 Raleigh, Hillsborough Street was considered rural.  Some of the area explored by Dr. Quay was being farmed actively as part of Dorothea Dix Hospital Farm.  Since then succession has taken place in diverse ways over the same landscape.  There are still reasons to actively census and sample bird populations in these areas.  Relating this data to the successional patterns and levels of the current landscape can provide patterns of population demography and composition over time.  


In the spring of 2007, we chose sampling methods and locations that would provide insight to the bird data collected by Dr. Quay.  This data can give us insight into the suitability and use of habitat by residential winter bird populations.  We had two primary objectives: 1.) explore how habitat change and fragmentation have affected the avian community diversity and similarity between the deciduous and pine forests in 2007, 2.) explore how habitat change and time has affected the avian community diversity and similarity of the deciduous and pine forests between 1938 and 2007.  Coupled with our primary objectives, is a secondary objective examining how survey methods affect results.  Given these objectives, we collected and analyzed data on various habitat and bird species data.  The following is a brief summary of our study, including our methods, data analysis, results, and discussion.
Methods:

We located ten 100 m fixed radius point counts throughout our study area on the southern and western sides of Lake Raleigh.  Three of the points were located in Dr. Quay’s former 7.3 pine plot: point 1 and point 2 were both in small pine patches and point 3 was located on the bank of a drainage pond in a clearing surrounded by early successional forest.  The other seven points were located in Dr. Quay’s former 8.1 deciduous plot: point 5 was located on the bank of a drainage pond surrounded by later successional forest, and the remaining points (4, 6, 7, 8, 9, 10) were located in mixed deciduous and coniferous forests.


We performed three point count surveys on the following dates: March 12, March 14, and March 15.  We utilized the double independent observer method so that detection probabilities could be calculated.  Additionally, the order of the point surveys were randomized daily by starting point and the observers were never partnered with the same observer twice during subsequent survey days.  Each survey was begun at approximately 6:30am and each point was surveyed for 5 minutes, and every bird detected was recorded.  We did a complete census of the plots (7.1 and 8.3) on March 19, beginning at 6:30 am and lasting until 8:30am, allowing 2 hours for the “aimless wandering” census in concordance with Dr. Quay’s methods.  The entire study area was divided in two, so that each team of two could cover the same amount of area in the same time.  Again, every bird detected was recorded.


We performed various vegetation measurements in an attempt to correlate bird species composition with habitat characteristics.  The “percent pine” was the estimated percent pine spp. within a 100 m. radius of each point.  The “basal area” was the index of basal area in square feet per acre at each point using the Bitterlich method.  This measurement was taken using a wedge prism, with a basal area factor of 20.  The “openness” was the estimated percent understory openness of a site determined by the observer in regards to how dense the understory was, and each point was placed into one of five categories: 1 (100-81% open), 2 (80-61% open), 3 (60-41% open), 4 (40-21% open), or 5 (20-0% open). 


We performed statistical analyses using program SAS.  Our independent variables were percent pine, basal area, and openness, while our dependent variables were the total number of species recorded at each point, the total number of birds recorded at each point, and the average number of birds recorded at each point.  We did an analysis of covariance and a t-test on each combination of independent variables with each of our dependent variables, as well as a nonexperimental multiple regression analysis, using FORWARD, MAXR, and RSQUARE variable selection techniques.


Using program PC-ORD, we were able to examine various bird community characteristics using the bird species composition at each point.  We performed a two group cluster analysis using a Sorenson distance measurement and a Detrended Correspondence Analysis (DCA) of the data to view the ordination of the points.

We then performed a Chi-Square analysis comparing our census results (the bird species lists) to Dr. Quay’s census results, examining the pine and deciduous separately.  We examined the diversity of the plot census results using the Shannon-Weiner Diversity Index, which incorporates both richness and evenness of the various species.  Additionally, we examined which species were absent from the results of the various survey methods (census vs. point count), dates (2007 vs. 1938), and stand types (deciduous vs. pine).
Results:

Upon examination of our point count survey sheets, we were able to calculate detection probabilities for each group member.  Kelsey had the highest average detection probability (=4.9) and James had the lowest average detection probability (=0.17).


In terms of the total number of birds of each species recorded at all the sites throughout our point count surveys, the “unidentified bird” was the most common (comprising 20% of the total), followed by the Carolina Chickadee (13%), Northern Cardinal (12%), Pine Warbler (9%), and Carolina Wren (8%).  The remaining 25 species composed 38% of the total number of birds recorded.


We combined our data for all the dates for each point (since data from different dates are not independent) and found that points 8 and 9 (in deciduous plot 8.1) had the greatest number of species (n=17) of all the points and point 2 (in pine plot 7.3) had the least (n=7).  Additionally, point 5 (deciduous drainage pond) had the greatest number of recorded birds (n=43).  On average the deciduous plots showed a greater species composition than the pine plots.  Northern Cardinals and Carolina Chickadees were represented in all the points, while Canada Goose, Goldfinch, Mallard, Scarlet Tanager, Acadian Flycatcher, Red-tailed Hawk, Northern Flicker, White-throated Sparrow, Whip-poor-will, and Winter Wren were each only recorded at one point.


Point 3 (pine plot 7.3) had the most dense understory.  The site with the highest basal area value was point 4 (deciduous plot 8.1) with a basal area of 11 due to a fairly dense stand of mature loblolly pine.  The points with the highest percent pine were point 4 (78% pine), point 10 (80% pine), and point 1 (81%), while the points with the lowest percent pine were point 6 (8% pine) and point 7 (7% pine).  There was a trend for the percent pine surrounding each point to explain the most variation in bird species composition (p=0.1750), though none of our results were significant.  We conclude that none of our habitat characteristics are correlated with our dependent variables.


Of additional interest, is that upon performing an analysis of covariance and t-test (using the 7.3 pine plots vs. the 8.1 deciduous plots as the group variables), we failed to find a significant difference between the two groups of plots based upon percent pine composition (p=0.5707), yet there was a stronger trend for the total number of species recorded at each point to differ between the two groups (p=0.0905).  Our inability to identify a significant vegetation variable could be a result of either not recording enough vegetation characteristics or the birds do not care about vegetation, so much as habitat size, edge effects, or some other variable not measured by us.  Our cluster analysis showed that the pine points, plus deciduous points 4 and 6, are more clustered together and similar than the remaining deciduous points.


During the complete census we recorded 42 birds in pine plot 7.1 and over twice that number, 99 birds, in deciduous plot 8.3.  Given that plot 8.3 is over twice as large as plot 7.1, these results are not surprising.  It is interesting to note that five species only occurred in plot 7.3, while 11 species occurred only in plot 8.3.  Additionally, there were 11 species that had occurred in the previous point count surveys, but were not recorded in the census, and ten species which occurred in the census but had not occurred in the previous point count surveys.


From the Chi-Square comparison of our 2007 census species list and the 1938 census species list, we concluded that there is a significant difference between both the 2007 and 1938 census species lists.  The deciduous plot results gave us a calculated X^2 of 77.85, which is greater than the table X^2 of 42.56 at alpha = 0.05 with 29 degrees of freedom, so we can reject Ho and conclude that the 2007 census results are significantly different from the 1938 census results.  The pine plot results gave us a calculated X^2 of 209.9, which is greater than the table X^2 of 28.869 at alpha = 0.05 with 29 degrees of freedom, so we can reject Ho and conclude that the 2007 census results are significantly different from the 1938 census results.


From the Shannon-Weiner Diversity Index, we found that the 2007 Deciduous Plot Census had the highest diversity (H’ = 2.8) and the 1938 Pine Plot Census had the lowest diversity (1.71).  Interestingly, the 1938 Deciduous plot census and the 2007 Pine plot census were identical in their diversity (H’ = 2.27).  A possibly explanation for this is that after over 60 years of succession within the pine plot, it has probably attained a structure similar to the early successional deciduous plot in 1938.

Upon comparison of the various survey method results, years, and stand types, it was interesting note that in 2007, more species were observed in the census than in all the point counts.  This would suggest that either we did not cover enough of the study area with the point counts, we progressively learned to identify more birds by the census (which was done after the point counts), or perhaps we flushed up more species by walking around during the census as opposed to standing still during the point counts.  All the birds recorded in the pine point counts were detected in the deciduous point counts, plus we detected 11 additional species in the deciduous point counts that were not detected in the pine point counts.  This could simply be a result of the species area concept whereby if a larger area is sampled then one will detect a greater number of species, or due to the pine simply having a poorer species diversity.  These results were reflected again in the 2007 census results whereby by 5 species were detected in the pine but not the deciduous, but 14 species were detected in the deciduous but not the pine.  The sheer number of species detected in 2007 is greater than in 1938, and the differences between the two sites in 138 were less: i.e. in 1938, 3 species were detected in the pine but not deciduous, and 7 species were detected in the deciduous but not the pine.  In comparison of the pine species list for the two years, there were 6 species seen in the 1938 census not seen in the 2007 census, and there were 10 species seen in the 2007 census not seen in the 1938 census.  The results are even more striking in the comparison of the deciduous censuses: 8 species were seen in the 1938 census but not seen in the 2007 census, and 17 species seen in the 2007 census but not seen in the 1938 census.  There are a multitude of possible reasons for the differences between years, including species range expansion due to human disturbance and global warming, our point counts were performed later in the season in 2007 than in 1938 so perhaps more species were migrating in during our surveys, and we probably were detecting species that were not actually there which inflated our species counts.
Discussion:

Our point counts rely on several key assumptions: detection probability at the plot center is 1, birds do not move in response to the observer prior to detection, and distance to each detected bird is recorded accurately (Kissling and Garton 2006).  It is unlikely that these assumptions were met given differences in vegetation density, activity and singing level of the birds, and the inexperience of our group, all of which affects our detection probability.  The differences in detection probability for each group member was likely a factor of experience, with Kelsey having had more experience identifying birds than the other group members and thus she had a higher a detection probability.  Our inexperience was reflected in the point count surveys whereby the “unidentified bird” was the most commonly recorded bird and some spring migrants (i.e. scarlet tanager) were recorded that probably were not in the study area during the survey period.  Additionally, our small sample size reduced our statistical power and inhibited our ability to make stronger conclusions about our results. 


The point with the most species was found in the deciduous plot, while the point with the least species was found in the pine plot.  There are likely two factors interacting to cause this difference in avian abundance: the vegetation characteristics of the forest stand and the size of the forest stand.  The multi-age stands of oak forests have a higher habitat diversity and greater resource abundance, and thus a greater avian species richness, than more monoculture pinewoods (Dickinson 2001, Loehle et al. 2005, Diaz 2006).  Additionally, island biogeography theory (MacArthur & Wilson 1963) applied to terrestrial “habitat islands” (Diamond 1976; Quinn & Harrison 1988) predicts that fragmentation should lead to a reduction in the number of avian species present.  Additionally, studies have found that smaller plot size may increase nest predation, reduce foraging opportunities, and decrease avian species abundance (Engstrom and James 1981, Smith 1984, Wilcove 1985, Møller 1988, Small & Hunter 1988, Yahner & Scott 1988).  Given that the pine plot is less than half the size of the deciduous plot, it should follow that the pine plot has less species and abundance than the deciduous plot.  

Differences between our surveys and Dr. Quay’s surveys are due to a multitude of variables.  After more than 60 years of succession within the plots, the vegetation composition is probably much different now.  Along with 60 years of succession is 60 years of development in the form of roads and buildings.  The resulting background noise is certainly greater than when Dr. Quay performed his census.  Additionally, Dr. Quay’s original pine plot has been severely fragmented into 2 smaller plots, each only large enough to support one survey point.  Finally, he was a much more experienced birder than us, and therefore probably more accurately recorded bird species.  We conclude that many factors, including forest succession status, stand size, forest type, observer experience, surrounding habitat and background noise, contribute to the detected distribution of birds.  
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