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Abstract 
 

This study investigates the population of Apis mellifera located in the montane meadows of the 
H.J. Andrews Forest. The generalized N-Mixture model was applied to estimate the abundance, 

the spatial distribution and the temporal population dynamics of Apis mellifera.  Habitat 
fragmentation has been shown to have a negative impact on plant-pollinator networks. This 
study will test how meadow isolation and loss of meadow habitat affects the estimated Apis 

mellifera population. 
 
 
 

1. Introduction 
Recently plant-pollinator networks have become an increasingly publicized ecological system, as 
there has been a documented loss of pollinator abundance and species diversity across the world 
(Potts et. al. 2010). The decline has prompted many studies that investigate the role of pollinator 
species in the network and analyze the stability of particular networks. 

Plant-pollinator interactions form a mutualistic bipartite network with each group respectively 
forming a distinct set of nodes. Connecting the nodes from each group are pollination 
interactions (flower visits), which are formalized as edges in the network.  Plants require 
pollinators to be able to complete sexual reproduction and introduce genotypic variability from 
other plants.  Pollinators benefit from visiting the plants for food and most importantly increase 
their mating opportunities.  These conditions allow the mutualistic networks to evolve into 
complex and dynamic systems. 

Apis mellifera is an introduced species in North America.  Also known as the European Honey 
Bee, it is native to Europe, western Asia and Africa, but was introduced in America as early as 
the 17th century (Mortensen et. al. 2013).  Apis mellifera has provided honey and wax to humans 
for generations and has contributed to a large beekeeping industry.  These populations are 
cultivated by outside human help because they provide important agricultural and economic 
benefits (Mortensen et. al. 2013). Apis mellifera has been integrated into the natural ecosystems 
and is now a major component of the plant pollinator networks. 
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Within the meadows of the H.J. Andrews Experimental Forest, Apis mellifera is the most 
common pollinator recorded in the interaction data by a wide margin. This species is abundant 
and is considered a generalist species as it interacts with many unique plant species. The 
pollination services it provides are immense and its importance in the ecological network cannot 
be understated, even if it may provide competition to insects with overlapping niches (Goulsen, 
2008).  

Over the past six years a pollinator research team has collected interaction data in several 
montane meadows at the H.J. Andrews Experimental Forest.  Located in the Western Cascades, 
these meadows consist of less than 5% of total area but account for more than 75% of species 
diversity (Helderop 2015). These meadows are important to the stability of the local ecosystem 
as a whole because they contain diverse and robust pollination networks. 

The study meadows have experienced a 50% habitat loss from 1949 to 2005 caused by fire 
suppression in the Western Cascades and forest encroachment in the meadows (Helderop 2015). 
The loss of habitat area has led to habitat fragmentation yielding meadows that are smaller as 
well as more isolated from other meadows.   

Habitat loss and fragmentation are thought to isolate pollinators and deplete resources that aid in 
maintaining population stability.  A loss of pollinator diversity has been predicted to negatively 
impact the biodiversity of flowering plants. 

This study examined the following questions: 

Q1: How is the abundance of Apis mellifera related to meadow isolation and available 
meadow habitat? 

 

The state variable abundance has been important to ecologists and managers, as it can aid in 
many theoretical approaches as well as management decisions. This study estimated the 
population of interacting Apis mellifera in the H.J. Andrews Experimental forest. 

 

Figure 1. Bipartite network showing the 2015 plant-
pollinator interactions in Lookout Outcrop, a montane 
meadow located in the H.J. Andrews Experimental 
Forest. 
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Q2: How is the population of interacting Apis mellifera distributed spatially in the meadows 
and how does this distribution change over the course of the study? 
 
Q3: Is the interaction count data a good approximation for the interacting population of Apis 
mellifera? 

 
2. Theory 
2.1 Generalized N-Mixture Model. 
In 2004, the first N-mixture model was developed to estimate the population size of an animal 
population from count data. This work built on previous occupancy models but included 
abundance as the state variable instead of occupancy. Count data is collected by observing 
individuals of a population at { i =  1 , 2, …  R }  sites, and    { t = 1 , 2, … T } sampling 
occasions during the year.  The N-mixture model estimated the population size Ni at each site i, 
and the probability of detection for the species, (p).   However the N-mixture model is only valid 
for a single season when the population is closed, implying no births, deaths, immigration, or 
emigration can occur over the survey period (Royle, 2004). 

Dail and Madsen (2011) developed a generalization of the N-Mixture Model to account for an 
open population. This model will be referred to as the DM model, while the original N-mixture 
model will be referred to as the Royle Model. The DM model works the same as the Royle 
model but does not assume the closure of the animal population. Thus, the generalized version 
performs better when the population is not closed.  For our data, the Dail and Madsen (2011) 
model is appropriate since it is known that the population of Apis mellifera is changing 
throughout the year. 

The model is classified in the hierarchical family of models, with a submodel for a state process 
(Ni) and a submodel for the observation process. 

The state process models the abundance of animals at each plot, in the case of our generalized 
model, we chose Ni ~ NegativeBinomial ( λi , ⍺ ).  For the negative binomial distribution λ 
describes the mean and ⍺ is the dispersion parameter. The DM model includes a choice of 
distribution to model abundance, including Poisson, and Negative Binomial. A later section 
describes this study’s choice of the Negative Binomial distribution. 

The observation process models the detection process, assuming the organism has a detection 
probability p, where p ≠ 1.  This imperfect detection process is described by ni t ~ Binomial( Ni , 
p ), where ni t is the counts observed for site i and time t, while p, the detection probability is 
assumed to be constant throughout all watches and sites. 

 

 

 

 



 Schneider 4 

Then ni t | Ni ~ Binomial( Ni , p ), and the likelihood function for any site i is described by 
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       Equation 1. 

where Bin is the binomial likelihood (Dail and Madsen, 2011). 

The function f in equation 1 is simplified to f( Ni t  ; Ni t-1 , ϴ) by assuming Ni t has the Markov 
property. The function f is described as the density of the sum of two random variables Si t  and 
Gi t.  Si t is the subpopulation of animals in site i and time t that survived since time t-1. Gi t t 
describes the recruitment population of animals at site i since time t-1 (Dail and Madsen, 2011). 
Two additional parameters are needed; ⍵, the survival probability and ɣ, the arrival rate. 

The survival and recruitment populations define the open population given the total population 
as follows: 

𝑆𝑖 𝑡 | 𝑁𝑖 𝑡−1 ~ 𝐵𝐵𝑛(𝑁𝑖 𝑡−1,𝜔) 
 

𝐺𝑖 𝑡 | 𝑁𝑖 𝑡−1 ~ 𝑃𝑃𝐵𝑃𝑃𝑃𝑛(𝛾 ∗ 𝑁𝑖 𝑡−1). 
Equation 2. 

 
Then the ones-step transition probability from state Ni t-1 = j to Ni t  = k is defined to be 
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Equation 3. 

Combining with a Negative Binomial (NB) prior distribution for f(Ni t; ϴ ), fully specifies the f 
function and leads to the final integrated likelihood that is to be maximized, and describes a valid 
model for an open population. 
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Equation 4. 
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Equation 4 is then solved by computational methods for numerical optimization, and will yield 
MLEs for parameters  {�̂�, �̂�,𝛼�, 𝛾�,𝜔�}. 

Site-specific covariates that influence how the estimated abundance are modeled as a generalized 
linear model, log(λi) = β0 + β1xi1 + · · · + βrxir  where xij; j = 1, … , R are the R site covariates 
recorded for site i. Similarly, observational covariates that influence the detection probability are 
modeled as logit(pj) = β0 + β1xi1 + · · · + βrxir  where xij; j = 1, … , T are the T observational 
covariates recorded for watch j (Dail and Madsen).  

 

2.2 Abundance Estimate. 
This portion of the study uses the DM model to estimate the population of Apis mellifera over 
time in the meadows of the Andrews Forest.  Because the meadows are an open system, the 
model was run using an open population approach. For an open population, total abundance 
across all sample sites can be estimated recursively for all sample occasions, using the estimated 
parameters from the maximized likelihood estimate.  The following equations, 

𝑁∙ 𝑡 = 𝑅 �̂� 

𝑁∙ 𝑡 = 𝜔𝑁∙ 𝑡−1 + 𝑅𝛾� 

           Equation 5. 

describe the initial population and populations at latter time steps (Dail and Madsen, 2010). 

Another way to estimate population is to utilize Bayes’ theorem. Assuming an improper prior 
f(Ni t) ~ 1 we are given a distribution  

Pr(𝑁𝑖 𝑡 = 𝑘 | 𝑛𝑖 𝑡 ,𝑝 ) = � 𝑘𝑛𝑖 𝑡
�  𝑝𝑛𝑖 𝑡+1(1 − 𝑝)𝑘−𝑛𝑖 𝑡 

    Equation 6. 

Using the estimated �̂� instead of p, and utilizing the “plug-in” empirical Bayes procedure.  The 
mean of this distribution is an estimate for Ni t (Dail and Madsen). 

2.3 Spatial Distribution of Population. 
This portion of the study focuses on the spatial distribution of Apis mellifera in the study 
meadows. It investigates the posterior distribution from the DM model that describes how the 
species is distributed among plots and how that distribution changes over the course of the study. 

The negative binomial distribution is important when focusing on populations that are assumed 
to be over dispersed. Over dispersion can arise from heterogeneity in site covariates or is a 
property of the animal population. This section will present distributions to compare as to make 
the results more intuitive. 
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The negative binomial distribution used in the model is the ecological re-parameterization 
derived from the classic negative binomial distribution.  The distribution includes two 

parameters the first moment, λ and an introduced scale parameter, θ.  

Equation 8. 

The DM model uses a parameter α, to define the scale parameter and is related to the traditional 
scale parameter by, 𝛼 =  1

𝜃
.  The dispersion parameter 𝛼 is related to the second moment by the 

following equation. 

Equation 9. 

The ecological significance of the Negative Binomial distribution is important because it relates 
how the population of Apis mellifera is distributed among the plots throughout the H.J. Andrews 
Experimental Forest. 

As 𝛼 increases the variance of the distribution of point counts increase.  A higher alpha implies 
there are more plots with count totals that differ significantly from the mean.  This implies there 
is higher variability in the population across plots, with some plots experiencing very little Apis 
mellifera interactions and some with large amounts of Apis mellifera interactions. 

As 𝛼 decreases the Negative Binomial Distribution approximates the Poisson distribution with 
the second moment of the distribution equal to its mean. Ecologically, if the distribution of point 
counts has a low alpha, the range of point counts totals is centered more closely around the 
mean.  This implies that Apis mellifera interaction counts are more uniform across plots in the 
study site. 

2.4 Habitat Fragmentation 
This portion of the study used the estimated population and data on meadow area to explore how 
the population of Apis mellifera is affected by the increasing amount of habitat fragmentation 
that is occurring in the montane meadows of the H.J. Andrews Forest.   When plant-pollinator 
networks are located in areas that have increased habitat fragmentation, it is expected that 
smaller populations of pollinators become isolated in meadows. The effects of this on the 
ecosystem are immense; as small populations of insects showed fewer pollination visits, lower 
seed numbers per pollinator flower and greater proportional herbivore damage within a meadow. 
(Kolb, 2008)  
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This study hypothesizes that increased isolation between the meadows will decrease the 
abundance of the interacting population in the most isolated meadows, while interacting 
population abundance will increase with meadow size and available meadow habitat. 

3. Methods 
3.1 Study Site 
From 2011 to 2015, the study was comprised of plant and pollinator interaction sampling in three 
Western Cascade montane meadow complexes at the H.J. Andrews Experimental Forest.  These 
complexes were Carpenter Mountain, Frissell Ridge, and Lookout Mountain.   

Each complex consists of four meadows, one large, two small and dry meadows, and one small 
moist meadow (EISI 2013). These 12 meadows were surveyed as part of a long-term plant-
pollinator interaction study. 

 

3.2 Field Methods. 
Interaction count data was collected in montane meadows at H.J. Andrews Experimental forest. 
Each meadow consisted of 10, 3 meter x 3 meter permanent plots, with two transects consisting 
of 5 plots each. Transects are placed 20 meters apart with 15 meters between each plot. In total 
there were R = 120 plots dispersed throughout 12 meadows.   

 

Figure 3. Sampling design within one meadow Lookout 
Outcrop. In each plot an interaction survey was 
conducted. 

Figure 2. Location of meadow complexes within the 
H.J. Andrews Experimental Forest. Yellow areas 
indicate montane meadow habitat. Figure is from 
Helderop 2015. 
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For each plot, an exhaustive flower survey was performed to record the total abundance of stalks 
and flowers for each species currently that have exposed reproductive structures and are able to 
be pollinated.  When a plant species is not identifiable in the field, a sample was collected from 
outside the plot to be identified in the lab.     

A 15 minute plant-pollinator interaction survey was then conducted for each plot.  For each 
minute, the observer scans the plot area for all pollinators and records all visits by a pollinator 
species and a particular flower species. A “visit” is defined as contact between a pollinator and 
an active reproductive structure on a flower.  For the purpose of this study a “visit’ is defined to 
be the interaction count.  The observer will also record weather for each observational minute, 
including the levels: sunny, cloudy, partly cloudy or plot-shaded, windy or still, and temperature.  
Unidentified pollinators are captured in the field and preserved in the lab to be later identified by 
an expert entomologist.  When recording or pollinator capture is occurring, the clock is stopped 
so this ensures equal amount of plot watching is occurring throughout the sampling.  This field 
protocol was repeated 5 times throughout the summer. 

An example of the form of the interaction data is provided in the table below. This shows data 
for the year 2015, in the meadow Lookout Outcrop. Each entry is the total number of Apis 
mellifera visits in a plot with the reproductive structures of any flower.  

Table 1. Interaction count data for Apis Mellifera and all plant species. Survey for Lookout Outcrop during all watches in 2015. 

Plot Watch 
1 

Watch 
2 

Watch 
3 

Watch 
4 

Watch 
5 

1 0 0 0 0 0 
2 8 0 0 0 0 
3 8 0 0 0 0 
4 6 1 0 0 0 
5 6 1 0 0 0 
6 0 4 3 0 0 
7 1 0 0 0 0 
8 4 1 0 0 0 
9 7 0 0 0 0 
10 1 0 0 0 0 

 

3.3 Model Implementation. 
Implementation of the generalized N-mixture model occurred in the computer program R, using 
the package “unmarked”. The package includes a function pcountOpen that will calculate the 
parameter estimates for the model and an Akaikes Information Criterion (AIC) score associated 
with multiple covariate models. 

The AIC score is defined as a measure of the quality of a model and is used to compare other 
models with the same data.  AIC = 2k - 2ln(L) where k is the number of parameters and ln(L) is 
the log-likelihood of the model. When comparing models the lowest AIC score indicates the best 
model among the options given. This selection process was done for numerous models with 
different covariate options. 
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A site level covariate (SC) was included which classified each plot as being part of a meadow. 
The rationale is that plots within the same meadow should have similar point counts. Plots within 
a meadow share similar meadow characteristics such as aspect, slope and soil moisture.  

The observational level covariates (OC) included are thought to influence the detectability of 
Apis mellifera. These observational covariates are temperature (TEMP), total flower abundance 
in a plot (FLOW), total abundance of Gilia capitata (GIL) and total abundance of Eriophyllum 
lanatum (ERIO). 

The table below shows an AIC comparison of models in 2012. The NULL_DIST refers to a 
model with no covariates. This model was included for comparison.  It also shows that the 
Poisson distribution in the last row does not perform well compared to all other models that 
utilize the Negative Binomial distribution. Additional model selection tables are available in the 
Appendix for the other years of the study. 
Table 2. AIC scores for several models, 2012 data. NULL_DIST refers to a model with no covariates, NB is Negative Binomial 
and POIS is Poisson. 

 
MODEL 

# 
Parameters 

AIC 
SCORE 

OC = ERIO & GIL 7 2487.6 
OC = GIL 6 2507.85 
OC = FLOW 6 2876.79 
SC = MEAD 16 2954.02 
NULL_DIST = NB 5 3030.76 
OC = ERIO 6 3960.56 
NULL_DIST = POIS 4 4578.44 

 

To be able to run the model in an appropriate amount of time, a K value is necessary to replace 
the infinity on the summations in Equation 4.   An appropriate K value is one where the 
probability of Ni > K is approximately zero.  There were some plots with high observed counts 
that broke this assumption when the model was implemented, however, a K analysis was run 
between K = 150 and K = 200 with no significant effect on parameter values and standard error. 
A large K value could not be implemented because of significant increases in model run time. 

 

3.3 Determining Meadow Characteristics. 
Meadow characteristics were determined by Helderop (2015) using Arcpy and ArcGIS.  
Helderop determined meadow size, centroid to centroid distance to all other meadows, and the 
meadow proximity index (MPI). The MPI was calculated as the percentage of meadow area at 
varying distances from the centroid of each meadow. MPI values of 50, 500, 1000 and 2500 
were investigated. The meadow isolation index that was used in the analysis was calculated by 
averaging the pairwise distances to all other meadows. 
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4. Analysis and Results 

An important finding from the model selection process is that the meadow site covariate was 
never included in the best model.   This implies that Apis mellifera is relatively common across 
all meadows and is found throughout the H.J. Andrews Forest. This is confirmed with the 
interaction data, as interactions involving Apis mellifera occur in most meadows. Future studies 
should include more site characteristics as covariates including aspect, slope, MPI, meadow size 
and isolation.  By including these as covariates instead of a post-hoc analysis, less important 
characteristics can be ruled out in the model selection process. 

Once a model was chosen using the AIC comparison, it was used to calculate the estimated 
abundance of the interacting Apis mellifera population for a given year for each meadow using 
Bayes’ theorem and the recursive parameter method.  The estimates for the year 2012 are shown 
in Table 3 on page 11. 

The parameters from the generalized N-mixture model are also estimated along with their 
respective standard error and p-value that was calculated from a Z-test.  Table 4 provides these 
values below. The γ (immigration) and ω (survivorship) are constants that govern the open 
population dynamics described in equation 2. 

Table 5 presents parameters associated with the posterior spatial distribution (equation 7) of Apis 
mellifera and how the parameters change from year to year. The appendix contains the non-
transformed values given with standard errors and significance values. Table 5 also presents the 
parameters associated with modeling an open population (Equation 2) and how they change 
throughout the course of study. Table 5 also presents the probability of detection associated with 
the detection process.  

An important result of the model is the estimated survival parameter ω.  The survival parameter 
is set on a scale from 0 to 1, where zero indicates low survival of the population from the 
previous time step.  The survival parameter indicates the percentage of interacting Apis mellifera 
remaining from the last watch.  One important result is the much lower survival parameter in 
2015.  It is known that 2015 was an extremely dry year with little pollination activity. 

The dispersion parameter alpha and its ecological interpretation are described in the theory 
section. Alpha is significantly larger in year 2015 than in previous years, meaning the 
distribution had a larger second moment.  Ecologically, this implies that of the 120 plots, more 
plots had a higher than average abundance and more had little to no abundance.  This additional 
spatial variability in abundance is due to covariates in each plot, which become increasingly 
important in extremely dry years such as 2015.  These explanatory variables could be another 
particular flower species, shade cover, soil moisture and type. 

The lower portion of Table 5 presents the detection probabilities associated with the detection 
submodel over the course of the study.  The p-intercept value describes the detection probability 
of Apis mellifera when the model has no knowledge of any observational covariates. This value 
is very low (<0.1) for all years but increases when covariates (abundance of Gilia, Eriophyllum 
and flowers) are introduced. These covariates are important to include so the detection 
probability is ecologically realistic and is what we expect from our field experience. The 
detection probability remains fairly constant with a value around 0.5 for the course of the study. 
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Table 3. Estimated and observed Apis mellifera population in 2012 

 

 

 

 

Table 4. Parameters associated with the best model from 2012. The standard error corresponds to the non-
transformed estimate, and the p-values are given from a Z-test for significance. 

 

Table 5. The top half of the table are parameters that govern the spatial distribution, and open population 
dynamics of Apis mellifera. The probability of detection (p) is given in the bottom half, where p intercept is 
the detection probability with no covariates, and other detection probabilities correspond to the models 
knowledge of a certain covariate.

    

 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 
Interaction Count 354 348 188 154 50 
Recursive Est. 629 894 1035 1100 1044 
Bayes Est. 1098 1067 1053 1047 1044 

 
 Estimate Transformed Est. Standard Error Z -value p-value 
λ 2.210 9.147 0.224 9.89 <0.0001 
γ 1.560 4.781 0.099 15.90 <0.0001 
ω -0.203 0.449 0.166 -1.23 0.22 
p intercept -2.626 0.067 0.107 -24.52 <0.0001 
p Gilia 0.086 0.522 0.009 9.60 <0.0001 
p Eriophyllum 0.008 0.502 0.002 4.85 <0.0001 
α -1.550 0.212 0.232 -6.68 <0.0001 

 2011 2012 2013 2014 2015 
Mean λ 19.74 9.15 27.91 30.88 12.68 
Dispersion α 0.19 0.21 0.21 0.38 0.56 
Recruitment γ 1.27 4.78 0.63 0.82 0.87 
Survival ω 0.98 0.45 0.80 0.52 0.19 
p intercept 0.0525 0.067 0.12287 0.071 0.0326 
p Gilia 0.5008 0.522 NA 0.5004 NA 
p Eriophyllum NA 0.502 0.5001 0.5033 NA 
P Total Flower NA NA NA NA 0.5031 
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To estimate the final population in each meadow the Bayes’ theorem approach described in the 
theory was used. The R package “unmarked” was able to produce a Bayes’ estimate of the Apis 
mellifera population in each plot for each watch. The estimate is for the size of the Apis mellifera 
population that interacts with flowers in a plot. The estimated population for 10 plots in each 
meadow was summed to produce an estimated interacting population size for 90 square meters in 
each meadow. Table 3 also shows a comparison between the Bayes’ estimate and the recursive 
method for the total population in 2012 and the tables for additional years are available in the 
Appendix. For each year the estimates seem to converge to the same estimate for the later 
watches, we suspect this is because the interaction counts are very low in the final watches. 

The final population estimate for each year is presented in Figure 4 (and the values for each 
meadow for each year are in the Appendix).  The final estimate is an average of the Bayes’ 
method and the recursive method.  Since both methods produce similar trends over the course of 
the study, it was appropriate to compute the average to capture the benefits of both methods. 
Each point indicates the population of Apis mellifera corresponding to a watch during a 
particular year with the vertical bars representing the years over the course of the study. 

Table 3 and Figure 4 provide evidence that experimental interaction count data provides an 
appropriate approximation for the interacting population.  Since the probability of detection is 
assumed to be constant throughout the watches and is around 0.5 for all years, the major factor 
influencing the population estimates is the observational covariates.   

As seen in Figure 4, there are slight deviations but most years follow the general trend of the 
interaction count.  This is expected since the state variable estimated abundance is the number of 
interacting Apis mellifera in the meadows when a watch is taking place. 

However, Figure 4 does provide additional insight into the population of interacting Apis 
mellifera that observed interaction counts cannot provide, and thus emphasizes the benefit of 
modeling the population.  For example, some years have dramatic changes in abundance from 
their final watch to the first watch of the following year.  We hypothesize this is due to the 
relative harshness of the winter, and the level of successful pollen collection in the previous 
summer. 
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Figure 4. Population dynamics of Apis mellifera in the H.J. Andrews Experimental Forest over the course of the 
pollinator interaction study. The estimate is given as the average between the recursive and Bayes method. 
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The second part of the study intended to investigate the effects of habitat fragmentation on the 
Apis mellifera interacting population.  These results provide insight on how meadow 
fragmentation affects the size and health of Apis mellifera population. 

There were 5 meadows that had large interacting Apis mellifera populations consistently for the 5 
years of the study.  These meadows were Lookout Steep, Lookout Outcrop, M2, RP1, and RP2 
(see the Appendix for the physical characteristics of each meadow). One group had a large 
relative Apis mellifera abundance and the other had a small relative abundance. The correlation 
analysis to study the effects of habitat fragmentation was conducted for both groups of meadows. 

It was determined that meadow size does not influence the number of interacting Apis mellifera 
population within that meadow. Figure 5 on the next page shows little correlation between 
meadow size and estimated Apis mellifera population size within each meadow. 

Figure 6 shows how the Apis mellifera population declines with respect to meadow distance. The 
meadow distance index was calculated by averaging the centroid distances to all other meadows.  
This indicates that meadow fragmentation will have a negative effect on the Apis mellifera 
population in the H.J. Andrews Forest.  This could be attributed to extra habitat close to the 
meadows, and the extra abundance of Gilia capitata in these meadows.   

Immediate meadow habitat is quantified by the MPI index described in the previous theory 
section.  The average interacting population of Apis mellifera in each meadow was positively 
correlated to the meadow proximity index (Figure 7), where MPI is a measure of the total area of 
meadow within 2500 m of the centroid of each meadow (Helderop, 2015). 

Several of the meadow MPI radii had a positive correlation with estimated Apis mellifera 
population. MPI analysis was conducted at a distance of 50, 500, 1000 and 2500 meters. At all 
distances Apis mellifera populations were positively correlated with MPI. Additional MPI 
analysis is available in the Appendix. 
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Figure 5. Estimated Apis mellifera population for each meadow averaged across all years plotted 
against meadow size. The orange points represent the meadows Lookout Outcrop, Lookout Steep, 
M2, RP1 and RP2. 

Figure 6. Estimated Apis mellifera population for each meadow averaged across all years plotted against an 
index for meadow isolation (average distance to all other meadows, see Apendix). The orange points represent 
the meadows Lookout Outcrop, Lookout Steep, M2, RP1 and RP2. 
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Figure 7. Estimated Apis mellifera population in each meadow averaged over all years in the study 
plotted against each meadows respective MPI value. The orange points represent the meadows 
Lookout Outcrop, Lookout Steep, M2, RP1 and RP2. 
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5. Discussion 
This study places an emphasis on the importance of long-term ecological data.  Specifically, the 
investigation of the spatial distribution and how it changes over the years during this study is 
made possible by a multi-year pollinator interaction study. The year-to-year comparison that is 
available with long-term research is important, as it allows us to quantify ecological phenomena.  
For example, the exceptionally dry and poor pollination year was quantified by the low 
survivability parameter and relatively large alpha parameter in 2015. 

The habitat fragmentation findings from this investigation have many implications for the 
continued conservation of the montane meadows.  The H.J. Andrews Experimental Forest has 
already experienced a major loss of meadow habitat in the last century.  If this rate of habitat 
continues, extreme fragmentation will be the result.  The results from this study indicate the 
potential negative effects on the population of interacting Apis mellifera and the impact on the 
structure of the plant-pollinator network. 

An extension of the model that uses data from the entire data set at once instead of individual 
years would provide more accurate parameter estimates for temporal analysis.  With more 
accurate abundance estimates, this extension would be able to provide reliable estimates to 
managers focused on the conservation of the meadows.  However, this study was a good initial 
estimate of the dynamics of the Apis mellifera population. 

Recent studies highlight different meadow expansion methods and the ecological importance of 
meadow restoration (Halpbern et. al. 2015).  These studies also note the increase in abundance of 
plant species as well as other ecological benefits associated with meadow restoration.  The 
results from this study advocate for meadow restoration and conservation to maintain the 
population of Apis mellifera and their associated pollination benefits. 

To further analyze the effects that meadow fragmentation has on plant-pollinator networks, a less 
common pollinator should be studied.  Data would be needed for additional years, or several 
species would need to be aggregated to a genus level to have enough interaction counts for the 
model.  Since the distribution of other species seem more limited to particular meadows, it is 
hypothesized that habitat fragmentation will have increased negative consequences for their 
relative abundance.  The methods utilized in this study provide the proper framework for 
analysis of alternative species. 

This study provided extra insight into the population dynamics of a pollinator species in the H.J. 
Andrews Forest.  However, it was limited by the state variable being the population of Apis 
mellifera in each plot that are interacting with flowers.  Thus, the model can only estimate the 
population for 90 square meters of each meadow. An experiment in the field methods using 
longer sampling periods and more plots could better approximate the state variable total 
interacting Apis mellifera.   This experiment would be able to verify that a 15-minute watch is a 
proper watch length.  

However, the state variable interacting population is important when considering plant-pollinator 
networks and their structure and stability.  A population abundance metric is a more intuitive 
way to describe a population size than considering just the interaction counts.  This shift towards 
abundance and away from a presence-absence focus in the network can provide more robust 
information to those interested in conservation of these ecological systems. 
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The modeling process used in this study was able to provide insight on our field sampling 
protocol, namely the detection process of pollinators. The probability of detection was 
determined for Apis mellifera by the model using flower abundance covariates to be around 0.5 
for all years. As Apis mellifera is very common in the plots it is expected to have several 
interacting at once but only being able to watch and count the interactions of one. This caveat has 
a negative effect on the detection process, and will lower the detection probability. An important 
extension of this modeling process would be estimating the detection probability for other 
pollinators. Since some pollinators are easier to identify and capture in the field it would be 
expected that we are detecting a higher percentage, these include the Bombus species. It would 
be interesting to estimate the detection probabilities of rare pollinator species to test how 
effective our survey design is. 

The statistical N-mixture models are usually implemented with bird count data or other species 
that are more identifiable in the field than pollinators.  Our study could not complete an 
exhaustive pollinator survey for the plot.  This is the major difference between our interaction 
data and traditional point count data.  The selection of Apis mellifera as a model species was due 
to the larger amount of point count data available, and spread more evenly across watches and 
plots than other species.  The utilization of this model and methods would be beneficial when 
studying other pollinators in the H.J. Andrews Experimental Forest, and thus we would be able 
to make stronger recommendations for the conservation of the meadows. 
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7. Appendix 
Model Selection: 

2011 # Parameters AIC SCORE 
OC = GIL 6 2482.26 

OC = GIL & ERIO 7 2631.04 
OC = FLOW 6 2812.07 

NULL_DIST = NB 5 3049.92 
OC = GIL 6 3246.4 

NULL_DIST = POIS 4 4728.12 
 

2013 # Parameters AIC SCORE 
OC = ERIO 6 3578.4 

NULL_DIST = NB 5 3579.6 
OC = FLOW 6 3591.5 

OC = GIL & ERIO 7 3790.5 
OC = GIL & ERIO 6 3951.1 

NULL_DIST = POIS 4 5592.6 
 

2014 # Parameters AIC SCORE 
OC = GIL & ERIO 7 4235.8 

OC = FLOW 6 4606 
SC = MEAD 16 4606.1 

OC = GIL 6 4662.8 
NULL_DIST = NB 5 4823.5 

OC = ERIO 6 4953.4 
NULL_DIST = POIS 4 6667.6 

 

2015 # Parameters AIC SCORE 
OC = FLOW 6 2485.2 

OC = GIL & ERIO 7 2496.3 
OC = ERIO 6 2621.2 
SC = MEAD 16 2848.2 

NULL_DIST = NB 5 2926.5 
OC = GIL 6 3463.2 

NULL_DIST = POIS 4 3706.4 
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Parameter Tables: 

2011 Estimate Transformed Est. Standard Error Z -value p-value 
λ 2.98 19.737 0.218 13.7 <0.0001 
γ 0.424 1.274 0.309 0.784 0.433 
ω 4.16 0.9846 0.651 6.4 <0.0001 

p intercept -2.892 0.0525 0.078316 -36.9 <0.0001 
p Gilia 0.00337 0.5008 0.000249 13.5 <0.0001 

α -1.64 0.16301 0.225 -7.27 <0.0001 
 

2013 Estimate Transformed Est. Standard Error Z -value p-value 
λ 3.33 27.9056 0.203 16.4 <0.0001 
γ -0.46 0.6313 0.292 -1.58 0.115 
ω 1.37 0.7978 0.103 13.3 <0.0001 

p intercept -1.97 0.12287 0.0567 34.61 <0.0001 
p Eriophyllum 0.000534 0.5001 0.000326 1.64 0.102 

α -1.56 0.17404 0.177 -8.77 <0.0001 
 

2014 Estimate Transformed Est. Standard Error Z -value p-value 
λ 3.43 30.87 0.156 21.9 <0.0001 
γ 1.5 .8175 0.0826 18.3 <0.0001 
ω 0.0865 .521 0.0883 0.98 0.327 

p intercept -2.5719 0.071 0.06689 -38.5 <0.0001 
p Gilia 0.00189 .5004 0.000166 11.3 <0.0001 

p Eriophyllum 0.0134 .5033 0.000732 18.3 <0.0001 
α -0.98 .375 0.165 -5.94 <0.0001 

 

2015 Estimate Transformed Est. Standard Error Z -value p-value 
λ 2.54 12.67 0.174 14.6 <0.0001 
γ 1.91 0.871 0.0797 23.9 <0.0001 
ω -1.43 0.193 0.191 -7.46 <0.0001 

p intercept -3.3948 0.0326 0.11176 -30.38 <0.0001 
p Total Flower 0.0124 0.5031 0.00136 9.16 <0.0001 

α -0.584 0.5576 0.161 -3.62 0.00029 
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Population Estimate Tables: 

Note: The recursive estimate and Bayes’ estimate refer to the estimated Apis mellifera 
population that interact with flowers in 1080 square meters ( = 10 plots * 9 m2/plot * 12 meadows ) in 
all meadows.  

2011 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 
Interaction Count 74 423 206 206 101 

Recursive Est. 872 1832 2369 2780 2838 
Bayes Est. 2368 2485 2600 2713 2824 

 

2013 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 
Interaction Count 264 455 514 239 23 

Recursive Est. 1777 2230 2430 2068 1551 
Bayes Est. 3349 2748 2268 1885 1580 

 

2014 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 
Interaction Count 638 853 383 143 89 

Recursive Est. 2560 2359 1820 1472 1290 
Bayes Est. 3714 2477 1831 1495 1319 

 

2015 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 
Interaction Count 514 529 257 115 33 

Recursive Est. 1505 1165 1052 1011 943 
Bayes Est. 1515 1102 1022 1007 1004 
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Meadow Population Estimate Tables: 

 Note: This estimate is derived from the Bayes’ estimate for each plot summed over all the plots 
for each meadow. It refers to the estimated Apis mellifera population that interact with flowers in 90 
square meters ( = 10 plots * 9 m2/plot) in each meadow 

2011 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 Average 
NE 30 28 34 41 49 36 
M2 42 583 650 763 749 558 
RP1 34 359 334 471 418 323 
RP2 237 362 720 702 622 529 
CPS 30 49 47 108 168 81 
CPB 30 28 34 52 134 55 
CPR 30 28 41 47 54 40 
CPM 30 28 49 118 138 72 
LM 46 42 91 129 161 94 
LO 306 272 302 265 246 278 
LS 30 28 34 41 49 36 
LB 30 28 34 41 49 36 

 

2012 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 Average 
NE 22 52 66 72 75 57 
M2 29 170 159 116 94 114 
RP1 27 32 62 80 78 56 
RP2 196 113 81 79 78 109 
CPS 22 53 128 109 96 82 
CPB 22 52 75 128 115 78 
CPR 22 52 66 72 75 57 
CPM 22 52 75 100 111 72 
LM 21 52 79 84 80 63 
LO 72 127 96 102 88 97 
LS 154 89 82 85 80 98 
LB 22 52 66 72 75 57 
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2013 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 Average 
NE 91 59 70 55 44 64 
M2 99 180 252 291 211 207 
RP1 549 791 625 530 379 575 
RP2 91 51 142 104 77 93 
CPS 14 90 205 142 103 111 
CPB 14 12 14 18 33 18 
CPR 14 12 14 21 20 16 
CPM 14 12 30 34 37 25 
LM 30 19 19 22 21 22 
LO 574 622 556 421 303 495 
LS 273 369 482 360 267 350 
LB 14 14 22 69 56 35 

 

2014 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 Average 
NE 395 299 170 128 102 219 
M2 401 349 244 143 133 254 
RP1 463 354 192 131 110 250 
RP2 392 348 210 144 112 241 
CPS 54 175 125 102 91 109 
CPB 42 58 102 126 118 89 
CPR 42 56 68 75 78 64 
CPM 42 82 82 89 87 76 
LM 36 19 132 107 94 78 
LO 229 177 116 109 112 149 
LS 410 348 230 152 117 251 
LB 54 94 149 166 136 120 

 

 

 

 

 

 

 

 

 

 



 Schneider 24 

 

2015 Watch 1 Watch 2 Watch 3 Watch 4 Watch 5 Average 
NE 102 100 88 79 72 88 
M2 53 154 135 92 72 101 
RP1 329 106 87 80 80 136 
RP2 252 140 102 86 80 132 
CPS 41 60 76 80 80 67 
CPB 27 77 91 91 81 73 
CPR 102 64 77 80 80 81 
CPM 128 95 88 81 78 94 
LM 95 125 88 82 80 94 
LO 114 65 62 72 73 77 
LS 233 122 81 75 72 117 
LB 28 57 76 113 95 74 
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MPI Graphs: 
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Meadow Characteristics: 

 

 

 
 
 
 
 
 

Meadow Pairwise Distances (Centroid to Centroid): 

 
CPB CPM CPS CPR LO LM LS LB NE RP1 RP2 

CPM 537 
          CPS 1373 871 

         CPR 234.8 762 1566 
        LO 8679 8598 8142 8644 

       LM 7769 7684 7231 7736 913 
      LS 8457 8366 7899 8425 269 690 

     LB 8352 8280 7840 8313 353 618 300 
    NE 4804 3827 3185 4139 5100 4211 4842 4830 

   RP1 4505 4323 3776 4524 4392 3489 4141 4106 785 
  RP2 4421 4251 3723 4435 4429 3523 4181 4138 821 128 

 M2 3962 3728 3121 4007 5093 4196 4840 4814 215 715 718 

 
 
 
 
 
 

Meadow Size (ha) Elevation(m) Slope (deg) Aspect(deg) 
CPB 0.72 1331 13.9 348 
CPM 2.52 1488 28.5 146.3 
CPR 0.26 1388 19.8 160 
CPS 0.39 1340 19.6 33.4 
LB 0.29 1486 11.3 255.2 
LM 3.89 1403 30.1 231 
LO 1.95 1492 30.7 320 
LS 1.68 1513 24.3 346 
M2 4.44 1518 22.4 216.3 
NE 0.43 1457 25.5 123.8 
RP1 0.61 1417 31.5 197.7 
RP2 0.63 1425 35.5 175.3 
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