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Abstract- A new method of measuring reproductive success is proposed that uses a composite of breeding-behavior observations (for behaviors that reflect different stages in the reproductive cycle) as an index of fitness. This reproductive index does not rely on discovery of nests, but is comprehensive in that it includes information on all monitored territories. The reproductive index was applied to three co-occurring emberizine sparrows, two of which required special care because of their regional rarity. Ranks derived from this reproductive index were used to distinguish territories of birds of known high success (i.e., those that fledged young in at least one brood) from territories of birds with known low success (unpaired males), and were compared with findings for “spot-mapped” territories. Principal components analyses of habitat measurements for these territory types revealed a similar pattern for all three species: spot-mapped territories overlapped broadly with nonterritory (unoccupied) plots, whereas high-success territories formed a discrete isolated cluster within the spot-map matrix. Univariate analyses revealed that high success territories were described by 15 vegetation features that differed (p <.01) from nonterritory values, whereas in spot mapped territories, only 8 vegetation variables differed and in low success territories only 2 differed. The ability to distinguish high success territories allowed us to identify a greater number of habitat features that were correlated with reproductive success. If we had relied on spot mapping method, we would have been unable to identify many of these important habitat features. Yet the ability to make such discriminations is likely to be critical in the management of threatened species.
Introduction-
Difficult to obtain reproductive information about bird population or community in time efficient manner. Techniques for quantifying avian reproductive activity fall into two general categories. Territory mapping- location of individual male territories for species or group of species is relatively easy but provides no information about reproductive success. Locating and following fates of individual nests provides an accurate measure of reproductive success and rates of nest predation but is potentially disruptive and time consuming to locate all nests in a territory. Use of nest data unless comprehensive or randomly derived has biases associated with nonrandom data collection. 

Reproductive index is based on assumptions that behaviors indicative of different stages of the breeding cycle can be recorded for all territories.  Purpose of study was to evaluate reproductive success on three ecologically similar grassland sparrows and to determine if reproductive index might facilitate discrimination of significant habitat features not detected by territories derived from spot mapping technique. Used the rankings from the reproductive index to examine the relationship between breeding success and habitat quality.

Reproductive Index

In order to successfully reproduce most male passerines must 1) establish a territory and 2) attract a mate. At least one member of the pair must 3) build a nest, lay and incubate eggs, 4) feed nestlings, and 5) feed fledglings. It can be difficult to observe nest building, egg laying and incubation but usually possible to monitor other phases in the nesting cycle. Established a ranking system from 1 to 5 for single-brooded species using five phases of breeding cycle. For double brooded species there are 7 phases (6 = evidence of fledging success in either brood, 7 = evidence of fledging success in both broods). Nest success defined as fledging at least one young.
Reproductive Index Rankings:

Single Brooded
Double Brooded
Definition
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Territorial male present 4+ weeks
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2

Territorial male & female present 4+ weeks

3
3

Pair found nest building, laying or 




incubating eggs or giving distraction

 displays
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Adults carrying food to presumed nestlings
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Evidence of fledging success. For double 







brooded species evidence of fledging 







success in one brood only


6


6

Evidence of fledging success in either 







brood, plus evidence of nesting success in 







other brood


7


7

Evidence of fledging success in both broods

Studies need to begin early enough in the season and must be intensive enough to follow the complete chronology of the breeding cycle. Errors of interpretation are less likely if the field observer has clear understanding of the current activity stage for each territory. To avoid bias of uneven censusing effort all plots should be censused the same number of times throughout the breeding season.
Establishing ranks- To use a reproductive index as a measure of fitness, one must determine a minimum time period that a territory needs to be occupied to be classified as a rank of 1. We recommend using the minimum time to complete one successful clutch from territory establishment to fledging. 
Sexual dimorphism or nonantagonistic actions towards conspecifics of the opposite sex facilitate recognition of pair establishment.
For most species it is difficult to document nest building, egg laying, and incubation, although this can vary substantially. 

First observations of adults carrying food are evidence of nesting stage and nestlings are assumed to have just hatched (day 1). 

Adults carrying food longer than nesting stage are used to identify fledglings. 
Bird surveys should allocate equivalent effort among all territories although this may be difficult to quantify in some cases. Researchers studying species whose territories are widely separated may be able to measure minutes of censusing effort per territory. However, in multispecies censuses spending equal time per territory may not be time efficient, or feasible as 1) the complication of overlapping interspecific territories and simultaneous data collection of several species and 2) the fact it is quicker to document the unchanged status of a singing male than to determine if a known pair has begun feeding young or has initiated a second nest.

Because it is possible to gain additional new information with each new census, one must determine the minimum number of censuses necessary to generate a meaningful reproductive index. Number will vary depending on research goals and with habitat type. By sequentially comparing ranks of most recent census (i + 1) with ranks of previous census (i), it is possible to plot percentage of territories that have changed rank. Suggest a change of 5-10% as the point of diminishing information although specific research needs will define the lower limit. 

Measurement of information change on a chronological scale provides insight into duration of nesting period but determination of the minimum threshold using these rank changes will be somewhat arbitrary. Calculation of the percentage of territories that have changed rank between randomly generated censuses from a random subset of the total territories under study will avoid this chronological bias and provide greater insight into the intensity of effort required through the breeding season.

Methods-

Focused on three species nesting in grassland with wide variation in nest detectability (Vesper Sparrow ~easy, Savannah Sparrow ~moderate, GRSP~difficult). 
Two observers censused eight plots marked with 50 x 50 m grids totaling 120 ha. Mapped territories of all sparrows using spot mapping method and flushing territorial males, noting behaviors indicative of breeding (eg carrying fecal sacs and food, giving distraction displays, observing recently fledged young). Reproductive data gathered on 174 territories including outcome of discovered nests. Uncertain of minimum censusing threshold so plots censused 10-17 times at rate of 5.2 ± 0.8 min per ha. Intervals between censuses at each plot were 4-8 days. Field work conducted 15 May to 25 August. Evaluated index over three year period. 
Because territories overlapped interspecifically, sometimes able to collect data on two or three species simultaneously. Therefore effort was recorded as census time per hectare and divided by overall sparrow density for the plot to provide a measure of census minutes per territory. This parameter declined as number of territories per hectare increased. This decline reflected decreasing transit time between territories as density increased and increasing opportunities to simultaneously census overlapping territories in denser plots. Effort per territory comparable.

Based on random sampling and change between visits, determined that 14 censuses sufficient. Discarded data from more than 14 censuses. 

Territories with ranks of 5-7 were high success, rank of 1 = low success. Spot mapped territories generated from census data for all territories for each species. Perimeter of each territory mapped on  base map of plot. Every 50 m x m quadrat assigned high success, low success, and intermediate for each species. Spot mapping identified occupied and unoccupied quadrats. 

Vegetation was estimated visually for every 50 m x 50 m quadrat in each plot for each of the three years. Used modification of Braun-Blanquet releve method. 

Statistical analysis- Kruskal Wallis ANOVA to test if there were differences in final ranks of the three species. If there were differences, this would suggest that reproductive success among the three species was very different (thought to be unlikely) or that a particular species behavior skewed the reproductive index in some fashion.

Used Principal Component Analysis to reduce nine habitat variables into multivariate niche components. First three PCs were used to plot bivariate confidence ellipses that might help depict the relationship of these four territory types for each species. Compared vegetation structure of territory types (high success, low success, and spot mapped) to unoccupied habitat. Considered vegetation measurements among territory type. Used one way ANOVA to make direct contrasts between each territory type and vegetation parameter. Finally anted to learn if the three species differed in the number of habitat features associated with each type of territory to provide a general test of the utility of the reproductive index. Used a chi-square to test for Interspecific differences in the number of significant vegetation parameters that characterized each of the three occupied territory types.
Results-

Found 47 of 174 territories (27%) had rank of 5 or greater indicating fledging at least one brood. This compares to 42% nest success at same study area determined from regular nest checks of subset of pairs. This indicates reproductive index provides a reasonable measure of reproductive success. No difference in rank between species indicating that there weren’t unique behaviors skewing the reproductive index. 
Principal components analysis revealed the habitat relationships among four territory types for the three species. Multivariate ellipses for spot mapped territories and nonoccupied plots overlapped broadly for all three species indicating little separation in niche space. High success territories were generally defined by a discrete ellipse within the spot map matrix. Low success ellipses were usually between spot map and nonterritory plots and away from high success territories. For high success territories, 15 of 27 habitat parameters were statistically different from those of nonterritory plots whereas for spot mapped territories there were eight significant parameters and for low success territories just two. This pattern similar for each of the three species. 

Discussion-

Reproductive index was comprehensive and time efficient. Also, not limited to early morning period of high bird activity. Comparison with other measurements from the site, the reproductive index is conservative but comparable. More frequent censuses would probably have increased the records of fledgling success. Territories were distributed across all ranks indicating no bias of the index. The fact no difference between species ranks indicates all three species experienced comparable reproductive success. This index avoids potential biases associated with nonrandomly collected nest data. It does not disrupt nests of rare or endangered species. Think the reproductive index provides useful tool meriting further testing. Promises to be most useful when scope of study too large to make it practical to locate all nests or where fiscal, ecological, or conservation constraints prohibit exhaustive searches for nests.

Index proved to be very useful in distinguishing habitat characteristics of high success versus other territories whereas spot mapping did not provide this ability.

Martin, J.A. and M.L. Morrison. 1999. Distribution, abundance and habitat characteristics of the Buff-breasted Flycatcher in Arizona. Condor 101:272-281.
Abstract- Food limitation of reproduction during the nesting stage was tested by supplementing food only during this stage in Cactus Wrens. Parents offered supplemental food fed their young more 
