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Abstract 

Odonata, the order of dragonflies and damselflies, are robust but due to their aquatic larval life cycle 

they are sensitive ecological markers. There is much literature on the organisms themselves, but no prior 

documentation that they are found in the watery ditches of cranberry bogs. Cranberry bogs are an important 

part of Massachusetts’ agricultural identity and some like Tidmarsh Farms, under conservation efforts, are 

being put into natural restoration. This study sets to explore Odonata specifically in cranberry systems by 

examining odonate adult and larval populations in and around the ditches of cranberry bogs fallowed for 

different lengths of time. Methods included taking pseudoreplicates of the three bog successions- 0, 5, and 

15-year - by dipping for larvae and measuring ditch characteristics of width, depth, and vegetation cover, 

along with pollard walks to observe adults. I found that the dynamic nature of the bog by ditch characteristics 

and seasonal variation have an effect on odonate populations and may not adhere specifically to ecological 

succession theory. This data would hope to contribute to a more expansive longitudinal study of management 

practices and restoration on cranberry bogs and Odonata ecology as a whole. 
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Introduction 

The Odonata, the order containing dragonflies and damselflies, has a prehistoric origin. Their oldest 

fossils of the ancient relative Protodonata, also known as the Meganisoptera, dates back to the Carboniferous 

age about 320 mya. With similar physiology, rather than size, these insects have not changed much since then 

[Figure 1]. They are powerful predators and may have been the largest insects to ever exist (with wingspans of 

up to 75 cm) as they maneuvered the landscape up until the Permian-Triassic extinction event (Resh & Cardé, 

2009). Modern Odonata derive from the ancestral group and are clearly robust and important organisms to 

study. 

 
Figure 1. Comparison of an ancient Protodonata with a modern Odonata. Both are fast flying and have a long 

and slender abdomen, sprouting spiny legs and veined wings. With large globular eyes and a chewing labium, 

they capture their prey. Fossil from Liaoning Province, China, Lower Cretaceous ~128 mya (Virtual Fossil 

Museum). Photo taken by Rachel Cho 8/4/15. 

 

The Odonata are predators at both the adult and larvae stage. Both dragonflies and damselflies spend 

much of their life cycle in aquatic environments as larvae. The larval stage may be approximately 60-90% of 

their total lifespan depending on the species, temperature, and availability of food (Resh & Cardé, 2009).  

Aquatic habitats are thus critical for odonate development and survival. Permanent freshwater zones, such as 

kettle holes, lakes, ponds, bogs, and streams are habitats suitable for odonates (Gibbs, 1954). The adult has 

short lifespan of up to a few months. Their highest activity levels coincide with the summer when mating 

occurs. The female adult then oviposits (lays her eggs) in the watery ditches. The eggs hatch into aquatic 

nymphs which undergo molting stages as they grow, and it is during this period, as larvae, that the odonates 
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spend the majority of their life. The larval stage can last anywhere from a few months up to five years 

(Johnson, 1991). Odonate larvae compete for food resources with fish, tadpoles, and in many cases other 

larvae, called intraguild competition, in which larger larvae will prey on smaller larvae (Wissinger & McGrady, 

1993). This competitive nature and aggression manifests itself in male territorialism as adults (Jacobs, 1955). 

Size also varies tremendously even within a single year due to oviposition periods and differential growth, 

thereby reinforcing the major effect predation has on larval abundance. Other variables that affect the 

presence of odonates include dissolved oxygen levels (Eriksen, 1984), vegetation, water levels (Schwintzer & 

Williams, 1974) and temperature (May, 1976). Because of the long period of time that the larvae live 

underwater, the aquatic habitat is critical. 

Agricultural cranberry bogs are found all over Massachusetts, formed by the glacial moraines and 

outwash plains from the last glacial retreat. Natural depressions left behind create perfect grounds for 

commercial cranberry production (Gibbs, 1954). Not only is the cranberry crop native to the US and has a 

rich history in US agriculture (Playfair, 2014), but cranberry cultivation is also the single largest man-made 

wetland gain in Massachusetts (Larson, 1980). By 1923, Massachusetts produced more than half of the 

cranberries grown in the United States (Mason, 1926). Cranberry bogs share similar attributes in order to 

maintain the environment to grow cranberries. This includes an acidic environment made from the natural 

peat which, once enough has accumulated, creates a peaty mat that anchors down shrubs and moss. The bog 

has good drainage and irrigation by a layer of clean sand, and commercial bogs often have low species 

diversity as it is geared towards the monoculture growth of Vaccinium macrocarpon (Mason, 1926 and 

Schwintzer & Williams, 1974).  

The cranberry bogs, due to the construction for irrigation and drainage, have water ditches adjacent 

to the bog and berms. The main function of the ditches is to provide drainage, flooding, and freshwater 

recharge. An indirect function of the ditches is that they are home to a variety of flora and fauna, including 

dragonflies and damselflies. Little is known about why the odonates use the watery edge ditches in abandoned 

cranberry bogs as habitat, except that they require an aquatic habitat for the larval stage. There is considerable 

literature on Odonata species and behavior, but the literature is scarce in the ecological impacts of changing 
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wetlands and subsequent conservation and restoration efforts. I set out to learn what effect the habitat has on 

Odonata populations, specifically bog succession from decommissioning wetlands used for commercial 

cranberry agriculture over multiple years and other characteristics of the cranberry bog. As concerns grow for 

the diversity of wetlands, through the effect of climate change and other agricultural practices on these 

dynamic systems, we find that questions also emerge for the diversity of the Odonata. With increasing threat 

levels of biodiversity loss, the Odonata become the first invertebrate order to be globally examined through 

the lens of the extinction crisis by the International Union of Conservation of Nature and Natural Resources’ 

Red List of Threatened Species (Clausnitzer et al., 2009).  

Because they are ecologically important predators, and are inherently linked to cranberry bogs 

through the use of watery ditches as a habitat, we must direct attention for the assessment of these organisms 

and the relationship they have with the land.  As both larvae and adults odonates are generalist predators, they 

feed on a wide variety of types of prey. The larvae, once hatched from its egg and as it molts and continues to 

grow, will prey on other macro invertebrates, worms, tadpoles, and small fish. As adults, they typically feed 

on midge flies, mosquitoes, butterflies, moths, bees, and other smaller odonates (Kalkman et al., 2009). While 

the larvae feed by extending the very powerful labium, a mask like feature over the bottom of the head, to 

snatch up prey, the adults typically capture prey in mid-air or perched on vegetation. Odonate adults 

thermoregulate according to heat from the sun by rapidly contracting the wing muscles to elevate body 

temperatures (May, 1976). The survival and use of the habitat depends on the pH, water nutrient levels, and 

temperature. Odonates may be important to agriculture because they are the top insect predator. They may 

act as natural pest control, especially to the damaging cranberry weevil and fruitworms, but may also inhibit 

pollination as they prey on bees. Observations and samples for both adults and larvae should be collected as 

the adult stage lives in an entirely different, i.e. aerial, habitat than the larval stage. Their overall sensitivity and 

connection to their habitat makes odonates useful in evaluating long term environmental change and short 

term conservation transition.  

Wetland loss is an issue for cranberry bogs and natural conservation. Under certain regulations, the 

permittance of bog removal is allowed through filling or destruction with a planned restoration or creation of 
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new wetlands (Larson, 1980 and Buzzards Bay NEP). The trend of removing land out of cranberry 

production may be due to many variables. With increasing global temperatures and climate change, the 

potential yield of commercial cranberries may decrease. The cranberry crops may not be able to adapt to the 

rapidly rising temperatures, therefore changes in ambient temperature, precipitation patterns, and 

groundwater dynamics may negatively impact the bogs (Galbraith, 2013). Market depression may also 

encourage cranberry farms to end production and choose to sell their land or transition into conservation. In 

1999, Massachusetts experienced a dramatic price collapse, down to $11 per barrel (from previous $50-

70/barrel) (USDA NASS, 2005). Many cranberry growers have not fully recovered and currently sell their 

cranberries at approximately $35-40 per barrel (USDA NASS, 2011). Independent growers, not in 

conjunction with Ocean Spray, make less money as they cannot sell a higher price per barrel. If forced out of 

business, they must choose to sell, reduce investment in the bog, or keep up maintenance of the bog, the 

latter two of which causes the value of their land to decrease or have high investment costs. Additionally, with 

hybrid variety and high yielding cranberries, less land is required for the same total yield. This could mean that 

a cranberry grower could choose to retire land or sell it to maximize efficiency. As the growers age, they may 

also choose to retire, selling their land to another cranberry grower for continued commercial farming, or 

back to the state as an easement or land trust. Tidmarsh Farms chose to do this and cooperate with the 

Natural Resource Conservation Service (NRCS) to manage the land for conservation. The removal of 

cranberry bogs out of commercial production will have a large effect on the environment and subsequent 

ecology. This thesis aims to document the effect of removing the commercial bog on odonate populations 

that use the bog ditches. 

Tidmarsh Farms, co-managed with the NRCS, is the largest freshwater restoration project in the state 

of Massachusetts. By removing 250 acres of cranberry farm out of production, the owners intend to 

transform it into a more natural wetland system. While they dedicate the farm to conservation goals, they are 

also trying to restore the land to the previous hydrological conditions. For example, they propose to restore 

the hydrology by opening up a channel much like historical data showed before the development of the bog 

for cranberry production and adding wood to divert water. However, up until recently, conservation of the 
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bog habitat entailed removing agricultural disturbance for various lengths of time (fallow). One section of the 

bog has been fallowed for 15 years, while another section has been fallowed for five years.  The different 

fallow periods, which result in different vegetative successional stages, provides a unique opportunity to 

explore the effect of cranberry bogs and their succession on Odonata populations. 

The working hypothesis is based on ecological succession theory that biodiversity and population 

size increase over time (Whittaker, 1953). Therefore, we would expect to find greater larvae abundance and 

species diversity in a bog that has been fallowed for 15 years compared to one that has been fallowed for 5 

years or a bog that is still in commercial production. Changing land use has been followed closely as it has an 

immense effect on the natural ecology. Cape Cod is an example of a landscape that has changed in land use 

over time. From 1810, when the first cranberries were cultivated in Massachusetts, up to 1875, when more 

than 260 towns in the state were producing cranberries, much of the natural habitats were converted to 

cranberry bogs by constructing dams and remodeling the bogs (Mason, 1926). The biota was subsequently 

forced to adapt to the changing landscape for agriculture. Additionally as development and industrialization 

increased, the natural landscape was transformed correspondingly. Such man-made disturbances alter the 

natural populations of plants and animals inhabiting the wetlands, and many believe that there is little chance 

of altered marshes ever fully returning to natural conditions (Burbanck, 1962).  

 Within the cranberry bog, the structure and diversity of the wetland community is primarily based 

on the management of the bog. For example, at Tidmarsh, the berms and ditch banks surrounding the 

commercial bogs (0-year) are well mown to keep non-crop land free from weeds. The ditch itself is also well 

managed as there are not too many weeds rooted in the water. On the interior of the bog, the cranberry crop 

dominates. The commercial bogs contain a monoculture mat of cranberries that extend from margin to 

margin. The fallowed bogs (5 and 15-year) are not managed, such that the berms and sides of the bogs are 

very weedy, filled with shrubs and cattails, and young trees [Figure 2]. 
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Figure 2. A well-managed and mown 0-year bog (left) versus an unmanaged and unkempt 5-year bog 

(right). Photographs taken by Rachel Cho 8/4/15 and 10/12/15. 

 

My methods for surveying Odonata larvae were informed by bog successional studies by Schwintzer 

& Williams in 1974, and Hornung & Pacas in 2006. Bog succession data in Michigan were gathered indirectly 

by measuring vegetation around open water and the nature of plant and peat profiles in various Midwestern 

bogs. Results showed that vegetation type changed from shallow shrubbery to longstanding shady trees over 

time, but eventually regressed due to fluctuations in water level (Schwintzer & Williams, 1974). It allows us to 

define vegetation as one of the variables that changes during bog succession. The study on populations of 

damselflies suggested that damselflies, Coenagrionidae: Argia, found suitable breeding grounds in the springs 

of Banff National Park (Hornung & Pacas, 2006). The study focused on the thermal outflows of the water 

and Argia, but provided background on larvae dip technique for sample collection and what environmental 

factors may be independent variables such as vegetation, temperature, and width data. With the importance of 

wetland restoration and Odonata larvae, data collected at Tidmarsh would hope to contribute to a longer 

longitudinal study on cranberry bogs in Massachusetts as a whole and Odonata ecology. 

 

I tested the following hypotheses:   

1) Time of data collection may affect abundance based on temperature differences from seasonal 

variation. The warmer earlier dates would likely support greater Odonata abundance and diversity. 

2) A bog that was removed from production 15 years ago would support the greatest Odonata 

abundance and diversity in comparison to a bog removed from production 5 years ago as well as a 

commercial bog. 
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3) Community similarity would be greater among bogs closer in time removed from production, due to 

the abundance and diversity of the Odonata. 

4) Ditch width, water depth, and vegetation cover as independent variables would explain variation in 

Odonata abundance and diversity. 
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Methods 

2.1 Site Description 

 Manomet, Massachusetts is a small village located in Plymouth County, just before the main 

peninsula of Cape Cod. The land is divided into two main regions: the Seaboard Lowlands and the Embayed 

section New England Uplands. Manomet is located within the Seaboard Lowlands. Geographic 

characteristics of the lowlands describe the region as a gentle rolling topography, with upland hills composed 

of glacial till to create drumlins and moraines, and valley areas with glacial fluvial and swamp deposits. 

Manomet, in particular, is characterized by glacial tillage as the parent material -- loose, unstratified, 

heterogeneous mixture of sand, silt, clay, and rock. Of the four major watersheds in Plymouth County, 

Manomet is part of the South Coastal Watershed. The local wetland area allows for large peatlands, used 

historically as cranberry bogs. Forests cover the majority of land use (51%) in Plymouth County with the next 

largest, after residential areas, as cranberry beds at 4.75% (approximately 20,185 acres), freshwater coastal 

embayments at 4.54%, and non-forested freshwater wetlands at 2.74% (Turenne NRCS, 1999). 
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Figure 3. NRCS Wetland Conservation Easements. 

The 0-year commercial bog is located off of Beaver Dam Rd. The 5-years and 15-years out of production 

bogs are located off of Bartlett Rd. A- 0-year bog, B- 5-year bog, C- 15-year bog 

GPS: 41.909383, -70.570801 

 

 

Tidmarsh Farms, located at 137 Bartlett Road Manomet, MA, is approximately 577 acres in total 

area. The cranberry bogs are partitioned by commercial bogs and conservation bogs according to the length 

of time they have been out of production. The owners have gradually removed areas and transformed them 

into wetland reserve zones. The commercial 0-year bog was used for cranberry production through the fall of 

2015. It is located at the Beaver Dam site [Figure 3] and is used to grow and harvest the cranberries in 
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cooperation with Ocean Spray. It has been treated as a typical cranberry bog, with the farm using fungicides 

and pesticides, importing honeybees, and regular mowing of the vegetation on the banks of the ditches, and 

employing weed management. The rest of the land is protected under the USDA NRCS Wetland Reserve 

Project. Within the NRCS conservation areas are plots that are 5 years out of production, since 2010, and 15 

years out of production [Figure 3]. Once the plots were taken out of production and transformed into NRCS 

areas, all weed and pest management was discontinued. Approximately 50 acres are used in commercial 

farming, 150 acres are 5-years out of production, and the remaining acres are 15+ years out of production. 

Tidmarsh Farms was specifically chosen due to its unique situation in having different successions within the 

same environment. Along with the farm’s Living Observatory program, it allowed for research in accordance 

with data collection for the NRCS reserve. 

 

Conditions on field data collection days were as follows: 

 August 4, 2015 - 77 °F, sunny, winds 10 mph 

 August 6, 2015 - 79 °F, mostly sunny and partly cloudy, winds 9-10 mph 

 October 12, 2015 - 70 °F, sunny, winds 5 mph 

 November 14, 2015 - 48 °F, partly cloudy, winds 15 mph 

 

2.2 Succession Bog Descriptions 

❖ 0-year bog: The grasses along the berms are well managed and mown. The water velocity by the 

southern part of the Beaver Dam bog was higher due to the main flow from the collecting pond out 

to the drain at the bend [Figure 5]. The 0-year bog is much more open and has more sunlight 

reaching the water. The ditches are more uniform in width and depth, adjacent to commercial 

cranberry crops [Figure A1].  

➢ Post-harvest flooding, the water level was deeper compared to that of the earlier date. 

Cranberry leaf debris were very prevalent, floating on the water surface. 
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❖ 5-year bog: The 5-year bog had more vegetation diversity compared to the 0 year bog. It was more 

weedy and had higher grasses with a lot of brambles, and the water level was deeper [Figure 6]. 

Residual cranberry crops can be seen in the brush. 

❖ 15-year bog:  The 15-year bog had even more vegetation than the 5-year bog. It is greatly covered by 

a canopy of young trees of various species, mostly maples, and weedy vegetation covering the ditches 

where the water level is lower [Figure 7]. Therefore, it did not allow much sun penetration, and was 

also not managed at all for weeds and other vegetation [Figure A8] 

➢ Construction in the 15-year bog, beginning in mid-October, made it impossible to later 

gather ditch characteristic data for the 15-year bog. The trees were cut down and the peat 

and sediment was dredged and overturned with much of the vegetation absent. 

➢ We intended to sample the site a second time along with the 0-year bog, but the site was 

irrevocably demolished as the owners of Tidmarsh were opening up the cell for a larger 

stream for restoration efforts. The ditches were not available to sample again as of 11/14. 

 

2.3 Data collection 

2.3.1 Effect of bog succession on adult and larval Odonata 

2.3.1.1 Collection of Odonata larvae 

The bogs will here on out be referred to by the time out of production, i.e. 0-year for the commercial 

bog, and 5-year and 15-year. For each succession bog, I used 4 pseudoreplicate ditches. To sample from each 

ditch, I took 25 “dips” with an aquatic dip net [Figure 4] within a distance of 10-20 meters for each 

pseudoreplicate. This resulted in a sampling effort of 100 dips per bog succession. I moved upstream so that 

sediment dislodged while sampling would flow downstream and not interfere with subsequent samples. A 12-

inch diameter metal fishnet with a fine mesh liner was used on 8/4/15 and 8/6/15 [Figure 4a]. For data 

collection on 10/12/15 and 11/14/15, I used a 12-inch diameter D-shaped dip net for aquatic sampling 

[Figure 4b] for uniformity and improved sampling. Each “dip” entailed submerging the dip net three feet 

away and scraping the bottom of the ditch toward one's body, approximately 1 foot, to skim the bottom layer 
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of sediment and peat [Figure 4c] (Hornung & Pacas, 2006). There were different people sampling in order to 

cover a wide area. Because each person was responsible for 1 replicate, the sampling error comes out in the 

standard error of the mean. 

 

(a)        (b)     (c) 

 
Figure 4. (a) The dip net used in the first sample on August 4 and 6, 2015. (b) The improved D-shaped net 

used for the October 12th and November 14th samples [photo and net available from BioQuip]. (c) Each 

replicate consisted of a pooled sample of 25 dips in each ditch, moving upstream from the sampler.  

 

The contents of each dip were pulled up and sifted through the peat in order to observe and collect any 

dragonfly and damselfly larvae. Larvae from each replicate were stored in a container filled with ditch water, 

which was put in a cooler. Once returned to lab, the specimens were identified and preserved in 75% ethanol. 

Identification required observing each larva individually under a light microscope and taxonomically 

categorizing to family and genus level using taxonomic guides for the two suborders of Odonata: Anisoptera 

and Zygoptera (Nikula et al., 2007 & VCSU Macroinvertebrate Lab).  

 

2.3.1.2 Measuring Odonata adult abundance and family richness 

To measure and observe adult odonates, pollard walks (slow paced 10-minute walks) were used on 

August 4 and 6, when activity peaks for dragonflies and damselflies. Species level was identified when 

possible, otherwise descriptors such as “high flying dragonfly”, “bluet”, and “unidentified corporal” were 

used. These dates were chosen due to the peak activity of the adults in the summer.  
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2.3.2. Effect of ditch characteristics on larval abundance and diversity 

In order to gather more data about the bogs themselves and the effect of the fallow period on the 

watery ditches, ditch characteristics data were gathered for each dip in the replicate. Data collection on 

10/12/15 and 11/14/15 used similar methodology but additional data on environmental and ditch 

characteristics were measured for each dip, in particular measurements for ditch width from bank to bank, 

water depth, and vegetation. Dip locations were randomized for distance from the previous dip (within 10 

steps) and location in the ditch (left side, middle, or right side). Uniform dip nets with measurements marked 

along the handle were used to obtain data on water depth and ditch width for each dip. Other observations 

were also included: where in the ditch was sampled (sides or middle), the percent vegetation cover (used 

quadrats 0.5 x 0.5 m2), and water flow (measured relatively by stagnant, slow, moderate, fast). Ditch variables 

(location, depth, width, vegetation cover) were recorded for each dip replicate. Only 5-year succession data 

were collected on 10/12/15, as there was not enough time for the 15-year bog and the 0-year commercial bog 

was flooded for harvest. Upon return for follow up data collection on 11/14/15, the 0-year bog was in a 

post-harvest flooded state (approximately two weeks after harvest), where the water levels were higher and 

floating vegetation cover was considerable. Obtaining data for the 15-year bog as well was planned for 

11/14/15, but as Tidmarsh Farms is part of a conservation effort, the 15-year site was under construction to 

form a new channel, thereby creating a lot of slash and destroying the specific ditch sites where I had 

previously sampled. Therefore, ditch characteristics were only obtainable for the 0 and 5-year bogs. 
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Figure 5. Replicates from the 0-year current production commercial bog at the Beaver Dam site were 

obtained in these sections of the bog. 

 
 

 
Figure 6. Replicates for the 5-year succession bog were obtained at the Tidmarsh site. 
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Figure 7. Replicates for the 15-year succession bog were obtained at the Tidmarsh site in these locations.  

 

 

2.3.3. Data analysis 

 IBM SPSS Statistics v. 21 was used for all statistical analyses. Microsoft Excel was used to depict 

graphs and figures. In order to compare the different dates, a one-way ANOVA was used with LSD and 

Tukey’s-B post-hoc tests. To analyze the bog successions and their ditch comparisons, one-way ANOVA and 

post-hoc tests were used to determine the significance of independent variables of ditch width, water depth, 

and vegetation cover on total mean larvae. Data for width, depth, and vegetation cover were then combined 

between the bog sites in order to have a greater sample size to show the correlation between the total larval 

mean collected and width, depth, and cover, respectively. Each ditch variable was divided into three groups of 

low, medium, and high. The same value ranges for the depths were used for all ditch data between bogs, 

allowing for comparison [Table 1]. Regressions and correlations were done to demonstrate trends due to 

these variables. For in between bog successions and their population of odonate larvae, the community 

similarity was analyzed using the Jaccard’s similarity index, CCJ = 
𝑐

𝑠1+𝑠2−𝑐
 , and the proportional similarity 



 

 

Cho 18 

index, PS = 𝛴 ( 𝑝𝑖  𝑜𝑟 𝑞𝑖 , whichever is lower), where pi  is the proportion composition of the species (or in 

this case genus) in the first community, and qi is the proportion composition of the second community. The 

greater the index value means a higher similarity between the two communities, with the maximum of 1.0 

being virtually the same composition between the communities. 

 

Table 1. Low, medium, high ranges for width, depth, and cover for 0 and 5-year bog. 15-year data unavailable. 

In red are value ranges that differ between the 0 and 5-year bogs. 
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Results 

3.1. Effect of dates on larvae collected. 

 Data were collected on the dates of August 4th, August 6th, October 12th, and November 14th of 

2015. Due to the time span between collection dates, a one-way ANOVA test showed a significant difference 

in larval abundance. When all dates’ data were included, the total larvae by genus between groups was 

statistically significant (p-values of 0.000). However, post-hoc tests showed that the 10/12 date was 

statistically significant in larvae families compared to the other dates. Consequently, a one-way ANOVA 

analysis was done excluding the 10/12 dataset where the statistical significance was 0.702 of total larvae by 

family between groups. Therefore, further analyses were done including the 10/12 data. 

 In the 0-year fallow period bog, a sum of 22 dragonfly and damselfly larvae were found on 8/4 and 

11/4 - 12 and 10 larvae, respectively. On average, the 0-year bog would have presented 11 larvae using the 

methods described. The distribution of larvae family shows that more Enallagma (Coenagrionidae) damselfly 

larvae were found on both dates compared to the other families [Figure 8]. Many of the same families were 

found in relatively similar abundance with few different families found. 

 

 
Figure 8. The larvae families identified for the samples collected in the 0-year fallow period bog on dates 8/4 

and 11/14. 
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 The 5-year bog differed more in the larvae families found between dates 8/6 and 10/12. This is 

confirmed by a t-test that showed a statistical significance of the 10/12 data set compared to the other dates 

(p=0.000 for a multiple comparison LSD). The distribution shows a greater abundance of the Coenagrionidae 

family, Argia, Ischnura, and Enallagma [Figure 9]. A sum of 172 dragonfly and damselfly larvae were found on 

8/6 and 10/12 - 4 and 156 larvae, respectively. On average, the 5-year fallow period bog would have 

presented 86 larvae using the methods described. No dragonfly larvae were collected on 10/12, rather a large 

amount of damselfly larvae most of which were from the Coenagrionidae family. 

 

 
Figure 9. The larvae families identified for the samples collected in the 5-year fallow period bog on dates 8/6 

and 10/12. 

 

 

The 15-year fallow period bog had limited data collected. A total of 10 larvae were found. Only larvae 

samples were collected on 8/6 with no additional data on the ditch characteristics [Figure 10].  
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Figure 10. The larvae families identified for the samples collected in the 15-year fallow period bog on 8/6. A 

second set of data was intended to be collected but the site was unable to be surveyed. 

 

 Due to the statistical significance found in the total larvae and the majority of the family genus’ post-

hoc values, it was decided that the 10/12 data would be included in further analyses such as community 

similarity and ditch variable data, despite the 10/12 later date data being significantly different than the earlier 

8/6 date data. However, if removed, all other sampling data would be severely limited such as the 

information on ditch characteristics. Including the 10/12 data resulted in a greater N value for further 

analyses. 

 

3.2. Effect of Bog succession on Odonata larvae and adults 

 The abundance of the larvae is shown between each of the bog sites [Figure 11]. Larval family genus 

richness as a response variable is shown [Figure 12]. There are two days of data for both the 0 and 5-year bog 

and only one day of data for the 15-year, therefore the two days abundance sums were averaged for each of 

the 0 and 5-year bogs for a 1:1:1 comparison. The 5-year bog founded more larvae in general, mainly 

damselflies, specifically from the Coenagrionidae family which made up the majority of the larvae data for the 

10/12 date. However the difference in odonate larvae abundance between bogs was weakly or borderline 

significant (p = 0.061) [Figure 11]. 

 



 

 

Cho 22 

 
Figure 11. The average abundance of odonate larvae per replicate between the 0, 5, and 15-year bog 

successions with all dates included. Total mean larvae by bog succession was borderline significant (p = 

0.061). 

 

 
Figure 12. The total abundance of larvae by family genus richness between 0, 5, and 15-year bogs. 

 

 

Adult data are depicted with the larvae samples by odonate family [Figure 13]. There were adult dragonflies 

and damselflies observed that were not found in the larvae samples, and likewise found in the larvae but not 

in the adult data. Even in the families that were observed in both were not always seen in similar frequencies. 
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3.3. Community similarity between bog successions. 

 For comparisons of the bogs overall, a comparison of community similarity by larvae family was 

done [Table 2]. Jaccard’s index is based on the presence of the genus, essentially the genus richness between 

two communities, and Proportional Similarity is based on the genus abundance, the quantity of individuals of 

the present genera between two communities. Genus was used instead of species, because the larvae 

identification was only specific down to genus. The indices showed that the 5 and 15-year bogs were most 

similar by the presence of the genus, and the 0 and 5-year bogs were least similar by presence of the genus. 

However, the 0 and 5-year bogs were most similar in terms of larvae genus abundance, and the 5 and 15-year 

bogs were least similar in abundance. 

 

Table 2. Community similarity values by Jaccard’s index and Proportional similarity index from larvae family. 

Lower values indicate least similar and higher values indicate most similar. 

 

 

3.4. Effect of Ditch characteristics on Odonata larvae collected. 

 Descriptive data for the ditch characteristics per fallow period show that the 0-year bog on average 

had ditches that were less wide but deeper compared to the 5-year bog [Table 3]. However, the 0-year bog 

ditch data were collected on 11/14 after the cranberry fall harvest, and the 5-year bog ditch data were 

collected on 10/12, untouched by any harvesting methods. Vegetation cover within the ditch was largely the 

same between the 0 and 5-year ditches. In the 0-year bog, the minimum and maximum of total larvae found 

was 0-2. Therefore, on average, one could expect to find 0.14 larvae per dip within the 4 replicates of the 0-

year bog. 
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The 5-year bog ditches had a larger range in width, ranging as narrow as 50 inches to as wide as 250 

inches. The variability in width was mirrored in the water depth 3-26 in. The most larvae were found in the 5-

year bog, finding anywhere between 0-20 larvae in a single dip. On average, one could expect to find 1.71 

larvae per dip within the 4 replicates of the 5-year bog, which was 12 times greater than the 0-year bog. 

 

Table 3. Descriptive data showing minimum, maximum, and mean values for the ditch characteristics and the 

total larvae found using data from all 4 replicates. The 0-year bog ditch data were collected on 11/14. The 5-

year bog ditch data were collected on 10/12. 

 
 

 

Odonata larvae abundance increased with ditch width [Figure 14a]. With the value ranges [Table 1], 

the only statistical significance was found for widths 1 and 4 and 2 and 4, meaning the total larvae mean 

found were most different between the ranges of low and wider widths and also the medium and wider 

widths, respectively. Overall significance between groups/width ranges was P < 0.001. The overall correlation 

of the effect of width on mean larvae found was 0.274 (Pearson’s coefficient) with a two-tailed significance of 

<0.001, and the polynomial regression resulted in an R2 value of 0.1083. 

 Using the individual dip data of larvae abundance plotted against ditch width shows that there is a 

direct increasing relationship [Figure 14b]. Multiple regression trend lines and R2 values are displayed [Table 

4] in order to show the different types of analysis that can be done to match for best fit. What is depicted in 
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the scatterplot [Figure 14b] that cannot be seen in Figure 13a is that the widths are clearly differentiated for 

the 0 and 5-year bog. The 0-year widths are on the lower end of the spectrum, with the 5-year widths on the 

higher end, meaning the category of 3-wide and 4-wider were primarily in the 5-year bog data. 

 

 

(a) 

 
Figure 14a. Total mean larvae by ditch width for the 0 and 5-year bogs combined. The significant differences 

between the groups are notated by lowercase letters (a, b). The specific p-values for significance between the 

groups by post-hoc LSD test for figure 14a are in the Appendix. 
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(b) 

 
 

Figure 14b. Total Larvae found by raw ditch width values. The regression R2 values are displayed for different 

regression models, summarized in Table 4. 

 

 

 

 

Total larvae by water depth had the largest statistical significance compared to width and cover. More 

larvae were found in shallow depth areas of the ditches in the 0 and 5-year bogs [Figure 15a]. The depths 

assigned for shallow and medium depths and shallow and deep depths are significant between groups, but 

medium and deep is not. Overall significance between groups/depth ranges is 0.001. The overall correlation 

of the effect of water depth on mean larvae found was -0.257 (Pearson’s coefficient) with a two-tailed 

significance of <0.001, and the polynomial regression resulted in a R2 value of 0.0936. 
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Individual dip data of larvae abundance plotted against water depth shows a decreasing relationship 

[Figure 15b]. The scatter plot shows that the deeper water depths were found in the 0-year bog and shallower 

found in the 5-year. However, the 0-year ditch data were collected a month after the 5-year data, and was also 

after the cranberry harvest. Multiple regression trend lines and R2 values are displayed [Table 4] in order to 

show the different types of analysis that can be done to match for best fit. 

 

(a) 

 
Figure 15a.  Total mean larvae by water depth for the 0 and 5-year bogs combined. The significant differences 

between the groups are notated by lowercase letters (a, b). The specific p-values for significance between the 

groups by post-hoc LSD test for figure 15a are in the Appendix. 
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(b)

Figure 15b. Total Larvae found by raw water depth values. The regression R2 values are displayed for 

different regression models, summarized in Table 4. 

 

 

Odonata larvae abundance did not significantly vary by vegetative cover ranges (P = 0.470). There 

was not a significant difference in mean larval abundance between general vegetation cover categories [Figure 

16a]. Additionally, the total larvae collected per dip was not well correlated with percent vegetation cover 

[Figure 16b, Table 4]. Multiple regression trend lines and R2 values are displayed [Table 4] in order to show 

the different types of analysis that can be done to match for best fit. Overall, the correlation shows that 

vegetation does not greatly affect larval abundance. Because percent cover ranges between 0 – 100 %, there is 

a relative homogeneity of values obtained for both 0 and 5-year, unlike the values found for width and depth. 

Due to this, there was less of a trend for vegetative cover compared to the other ditch characteristic graphs. 
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(a) 

 
Figure 16a. Total mean larvae by vegetation cover for the 0 and 5-year bogs combined. The significant 

differences between the groups are notated by lowercase letters (a, b). The specific p-values for significance 

between the groups by post-hoc LSD test for figure 16a are in the Appendix. 

 

 

(b) 

 
Figure 16b. Total Larvae found by raw vegetation cover values. The regression R2 values are displayed for 

different regression models, summarized in Table 4. 
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A comparison of statistical values for the individual variables of the ditch characteristics are summarized 

[Table 4]. The values alone do not show a high correlation between the effects of the ditch variables on 

larvae. However, it is clear that width and depth have a greater effect on odonate larval abundance than 

vegetation cover. 

 

 

Table 4. Statistical values of the ditch characteristics. 
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Discussion 

The original question upon beginning this project was how the bog fallow period itself affected 

dragonflies and damselflies. The opportunity to study the factors involved in affecting the ecology of 

Odonata allows for further insight into restoration and the impact of taking bogs and similar habitats and 

agrosystems out of production.  

Species confined to small waters of remnant tropical forests are most under threat from human 

activities (Kalkman et al., 2008). There is one recommendation that Odonata distribution patterns in urban 

and forested landscapes suggest that there should be a riparian strip at least 20 meters between the water’s 

edge and commercial plantation trees (Samways & Steytler, 1996). Therefore, this would have implications on 

cropland conversion and the distribution of Odonata. As there has been little experimental research done on 

cranberry bog succession, findings from this study serve as a the first documentation of Odonata diversity in 

cranberry systems and the basis for future studies on dragonfly and damselflies and the habitats they are 

found in.   

 

 

Location 

 Tidmarsh Farms in Manomet, MA was used as the study location because it is one of few cranberry 

bog farms that is in the process of decreasing their commercial agriculture and is putting the land into 

restoration, consistent with the conservation efforts of the USDA-NRCS Wetlands Reserve Program. Project 

partners of the restoration include researchers from neighboring universities in order to fully observe the 

changes of the ecosystem. Therefore, much data can be collected from this one farm site. Additionally, as the 

agricultural wetlands are being retired, different portions of the bog within the farm are at different fallow 

periods or successions. This allows a very narrow setting with several sites within one farm. 
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Effect of dates on larvae collected. 

 The larvae data were collected across multiple days, spanning four months. We were not able to 

sample all of the bogs as planned. The 8/4 and 8/6 dates were combined into a summer sample period, and 

the 10/12 and 11/14 dates were combined into a fall sample period. If this study could be redone, ideally it 

would be designed so that field data would be collected all within a single timeframe from all bogs, of 

approximately 1-2 weeks, so that the fall date would take place prior to the harvest. Because a first set of data 

was collected in August and the second set for the 5-year in October and the 0-year in November, there was a 

divide in the data collection with the harvest changing much of the ditch characteristics of the 0-year bog. 

The October date is odd for the 0-year bog because of the post-harvest conditions. One would expect that by 

changing the habitat, there would be a resulting change in presence of larvae. 

 ANOVA results showed that data found on the 10/12 date was statistically significant from the other 

sample dates. However, if excluded, removing the 10/12 data would dramatically decrease the n and also 

decrease the total larvae to be analyzed by family as the majority of larvae were collected on that date. 

Additionally, if the 10/12 date was excluded, a large portion of the 5-year data would be invalidated, including 

all ditch characteristics. Therefore, it was concluded that further analyses and comparisons would benefit 

from including the 10/12 data, despite the large significant difference compared to the other dates. 

Some of the differences that may be attributed to the date/time of year sampled are as follows: 

❖ The 0-year bog had relatively the same total abundance of larvae collected between the summer and 

fall sample (8/4, 8/6, and 11/14) collection dates. When compared to the great increase in total 

abundance for the 5-year bog fall date, it is interesting that by comparison the 0-year bog did not 

support more larvae in the fall date. This may have been due to the harvest that disturbed the ditch 

habitats of the 0-year when flooded, therefore potentially decreasing the abundance of larvae it may 

have had at the later date had there not been flooding. 

❖ I observed seasonal variation in Odonata larval abundance and diversity. There was a significant 

difference in the larvae families found between dates for the 5-year bog. For example, a considerable 

amount of Argia (Coenagrionidae) were collected on 10/12 and none on 8/6. Because there was no 
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harvest to disturb the ditches, and the samples were collected in the same ditches, the difference in 

larval abundance and family is most likely due to seasonal variation, but may have also reflected 

improved and refined dip skills. There is no definitive way to tell whether it was due to time or skill 

because the 0-year bog had the extra variable of the harvest and the 15-year was unable to be 

sampled a second time. For the difference in larvae family, one particular theory is that the the time 

and temperature was more suited to that particular family. Another could be that the Coenagrionidae 

are better at avoiding predators and are better competitors in the shared habitat. These two possible 

reasons cannot be answered by this study, but could be explored in a potential future study focused 

specifically on the interactions of and habitat preferences of different Odonata species, such as Argia. 

❖ I found that cranberry bog ditches were dynamic features in both the 0-year and the 15-year bog. 

With the harvest flooding, the 0-year ditches’ characteristics changed drastically. The 15-year bog 

itself was entirely dug out to open up a channel to match the historical water flow. The 5-year bog 

ditches were the most stable in the summer of 2015, but may also change with future restoration 

efforts. 

 

Effect of Bog succession on larvae collected. 

 The bog fallow period itself may have an effect on odonate populations. Of the observations made 

that were only observed as adults or only as larvae, we would expect that if more replicates were done, 

eventually we would find them present in both life stages, as the pollard walks were relatively short. We 

cannot compare the population numbers found in the pollard walk versus the larval stage because they are at 

different life stages from different habitats, and sampled by differing methods. However, we can conclude 

that the pollard walks simply represent a snapshot in time for that day. Therefore, these data represent a very 

conservative estimate of the Odonata genera present. Assuming we had done a morning, midday, and 

afternoon pollard walk, we might have observed more adult odonates and greater diversity. Additionally, 

because the habitats are different between the two life stages, some of the factors that would have an effect 

on the presence of adults versus larvae could be competition, habitat, and/or prime activity levels based on 



 

 

Cho 35 

temperature and the time of the year. However, since the same methodology was used in all the bogs, it is still 

valid to sum up the larvae and adult odonate genera data. 

In terms of Odonata larval abundance between bogs, considerably more larvae were found in the 5-

year bog. I expected the 5-year bog to have more larvae than the 0-year bog because the ditches would not 

have been disturbed (anthropogenically flooded, mowed, weeded, dredged, etc.) for five years. This would 

give more time for odonate populations to increase and build up. However, I did not expect the 15-year bog 

to host less than the 5-year bog, as it would have an even longer fallow period to increase odonate 

populations. Vegetation development of the 15-year bog may explain the lower larval populations. The 

increased trees and shrubs that were established reduced the water level and widths of many sections of the 

ditches. It is possible that the current restoration efforts of opening the stream may restore the water flow in 

the ditches, resulting in a future increase in odonate population. Additionally, whether or not the 

establishment of young trees in the oldest cranberry bog succession will continue to mature may be subject to 

the water levels and the natural weather and precipitation each year. Too much flooding without proper 

drainage could negatively impact the trees and vegetation profile of the 15-year succession (Schwintzer & 

Williams, 1974). This could be further explored as construction to open up a channel in Tidmarsh’s 15-year 

bog for long term restoration is underway. We may expect that a decline in bog vegetation may occur with the 

hydrological changes over time.  

Interestingly, the 0 and 15-year bog were not statistically different in terms of genus, which we would 

not expect as the two bogs are the ones furthest apart in fallow period and most different in surrounding 

vegetation. As previously mentioned, the 0-year bog ditches were in open sunlight while the 15-year bog 

ditches were variable in depth and flow, more shaded in sections, and had more vegetation within the ditches. 

This leads me to believe that the deciding factor for the significance of larvae genus between the 0, 5, and 15-

year bogs is not time, but the ditch characteristics, as the 0 and 15-year bog ditches were closest in ditch width 

and depth. This is purely by observational data as the 15-year ditch data were unobtainable. However, this 

may be due to the Coenagrionidae family itself and its capacity to live and be collected from the 5-year bog. 

For example, the Libellula was not found in high frequency, but was found in relatively equal abundance in all 
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fallow periods. Whether or not we can attribute the significant differences in larvae found in the 0, 5, 15-year 

bogs for larvae family to the ditch characteristics is questioned by the tenacity of the larvae genus themselves. 

 Jaccard’s index showed that the 0 and 5-year bogs were least similar by presence of the genus, but 

proportionally were most similar by abundance of each genus. Likewise, the 0 and 15-year bogs were most 

similar by presence, but less similar in proportional abundance. And the 5 and 15-year bogs were least similar 

by proportional abundance, but more similar than the 0 and 5-year for presence. There is no definite reason 

as to why this may be. Perhaps it is for the same reason in which more larvae were collected overall in the 5-

year bog that would attest to a lesser community similarity to the 0-year bog. Analysis showed that there was a 

nearly significant difference (p = 0.061) in total larvae between odonate genera. Of this, all genera excluding 

Argia (Coenagrionidae) and Enallagma (Coenagrionidae) were insignificant. In particular, post-hoc 

comparisons between the bogs themselves showed that the 0 and 5-year and the 5 and 15-year bogs were 

significantly different for Argia, Enallagma, and total larvae. Overall, the similarity indices show that the fallow 

periods most separated by time, 0 and 15-year bogs, had the most similar types of Odonata larvae present, 

and the fallow periods closer in time had the least but still had greater similarity for the abundance of the 

types of families that were present in both. 

 

Effect of Ditch Variables on Larvae Collected. 

 The largest differences between bog sites are the surrounding vegetation and the characteristics of 

the ditch itself. A scaled-down focus is required to compare the succession sites because of the habitat that 

the larvae live in. The ditch variability in width, water depth, and vegetation cover could have a compelling 

effect on the Odonata larvae. Unfortunately, 15-year bog data were unobtainable, however, descriptive data 

for the 0-year and 5-year bog alone showed a clear difference in width range and mean, and mean depth. 

 Odonata larvae abundance was greater in wider sections of the ditches (p < 0.001). The overall 

correlation however resulted in a significant but low correlation coefficient. Similarly, the polynomial 

regression led to a low R2 value. However, compared to the other variables of depth and vegetation cover, 

width has the greatest R2 value between the three. Therefore, width is the larger ditch indicator of larvae 
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presence.  One thing that does skew the data is that the 5-year bog had considerably greater widths than the 

0-year bog and found more larvae, thereby changing the regression if separated by bog successional type. The 

effect of width has a higher correlation in the 5-year bog separately than when combined for both bogs, 

mostly due to the greater quantity of larvae found. The regression fit best with that of the 5-year bog if alone, 

meaning that the conclusion is influenced mainly by the 5-year data. 

 The water depth between groups of shallow, medium, and deep were also statistically significant (p = 

0.001), so it is valid to conclude that more larvae are found in shallow ditches. The correlation coefficient is 

statistically significant and negative, from which we can infer that as depth increases, larvae abundance 

decreases. The polynomial regression led to a low R2 value for depth as well, only slightly lower than for 

width. Another issue that may skew the data that is mentioned throughout is the date that the 0-year bog was 

collected. The post-harvest data collection on 11/14 resulted in the 0-year being deeper than it would 

normally have been all year. The raw data displays this with a clear partition in which 0-year depths fall to the 

upper range and the 5-year to the lower range. 

Vegetation cover was similar between the 0 and 5-year bogs at approximately 50-60% but was 

different for what type of vegetation was present. In the 0-year bog on 11/14/16, any vegetation cover was 

floating leaf debris from the cranberry crop harvest. The 5-year bog on 10/12/16 had rooted vegetation and a 

large amount of floating sphagnum moss. Despite the type of vegetation, it was found that vegetation cover 

had no statistical significance in determining the presence of larvae. This is somewhat unexpected as we 

expect for ovipositing female Odonata to have an easier time if there is vegetation on the water surface for 

them to easily deposit their eggs. However, it is logical to think that the time for mating occurs in early 

summer when the adults are active, and the 0-year bog would have very little vegetation cover at that time 

because it is before the harvest. The 5-year bog, on the other hand, has a constant level of vegetation 

seasonally, more so than the 0-year, and can provide utility for the ovipositing females which would lead to 

greater abundance of larvae. Additionally, rooted vegetation may provide areas of protection for the Odonata 

larvae, therefore increasing their odds of survival. 
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 If this study was to be repeated for the future, measures should be taken to ensure standardized 

methods to correctly correlate the effect of the ditch characteristics on larvae. Such measures are primarily the 

timespan of field data collection and supplementary correlational analysis. Additionally, if more replicates are 

executed, 0 and 5-year data for each ditch characteristic variable could be analyzed separately in further detail 

with greater certainty for any conclusions. 

Other factors that likely affected the data outcome include improved sampling skill, the time spent 

looking, and clumped distribution of larvae. Improved sampling skill, as mentioned above, would account for 

increased larval abundance in both the 0 and 5-year bogs for the later dates. The time spent looking through 

the peat was another factor that varied the abundance of larvae found. Linked to dipping effort, each person 

took different lengths of time to search through the peat, especially depending whether or not the dip 

produced a lot of sediment from a deep dip or a less from a shallow dip. If one were to continue looking as 

long as one pleased, a single dip could possibly and easily produce five times more larvae than another. 

Therefore, limits should also be placed on time spent sifting, both minimum and maximum time in order to 

ensure detection but also to establish a time frame for each dip. Clumped distribution may be an additional 

factor because, the larvae may simply aggregate to a clumped distribution rather than being randomly 

distributed. This could lead to many dips producing zeroes, and a single dip containing the majority of larvae. 

Overall, I expected to find a general linear trend of bog succession fallow period versus Odonata 

abundance and diversity. The data show that the community similarity of the bogs were more closely related 

by richness in the 0 and 15-year bog, suggesting that by the percentage of shared genera on any sampling day 

one would expect to find similar quantities of genera. Yet, the bogs more closely related by genus 

proportional abundance were the 0 and 5-year bog, suggesting that the quantity of individuals within the 

present genera are more similar in bogs that have not been abandoned for very long. Therefore, the 0-year 

and 15-year communities were relatively similar by genera richness, and the 5-year community was dissimilar 

from the others in population. And, the 0 and 5-year communities were more similar in the proportional 

abundance of each shared genus, with the 15-year community being most dissimilar to the others. 

Additionally, adult data does not completely coincide in genera with all larvae specimens observed, but this 
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may be due to the sampling methods as the adult data were a snapshot population composition on a single 

day and observations may have missed some genera. We can definitively conclude that based on our methods, 

the Odonata larvae were found to favor shallower and wider ditches. Further data must be collected for 

better comparison in order to overcome discrepancies due to sampling date and the changed and improved 

methodology.  

For further research, I would also recommend expanding the sites across multiple cranberry bogs in 

Massachusetts for a large scale study of different geographical areas. Future studies could also expand to 

other states with similar climates, farms with differing management practices such as hands on vs hands off 

approaches, and other wet agrosystems such as marshes, vegetable fields using tile drainage methods, and 

other wet field margins. 
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Conclusion 

Odonata adults can be observed patrolling the watery ditches of cranberry bogs, yet prior to this 

study there was no documented evidence that Odonata larvae are supported by cranberry ditches. I was not 

sure I would find Odonata larvae in the ditches, because there had never been a prior attempt to discover and 

characterize Odonata larval population specifically in cranberry systems. I observed a total of 16 different 

Odonata genera, both adults and larvae, around and within the cranberry bog ditches in just one location. 

Theoretically, Odonata might also play an important role in cranberry bogs as biological control agents, 

although there are no studies that definitively conclude so on this topic. While I found that the ditch width 

and depth were correlated with larvae abundance, the dynamic nature of the cranberry bog ditches means that 

these ditch characteristics will change over time and seasonally. Future research should be done to test the 

impact of time and management practices of current cranberry bogs (mowing, flooding, draining, and 

dredging) on Odonata populations. Expanding the survey to include other cranberry bogs and wetlands may 

very well reveal that cranberry bogs and other wetland agrosystems play an important role to Odonata 

populations. 
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Appendix 

 

 
Figure A1. 0-year bog. Picture taken 8/4/16 

 

 
Figure A2. 0-year bog. Picture taken 8/4/16 
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Figure A3. 0-year bog. Picture taken 8/4/16 

 

 
Figure A4. 0-year bog. Picture taken 11/14/16. 
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Figure A5. 0-year bog. Picture taken 11/14/16. Same viewpoint as Figure A3. 

 

 

 
Figure A6. 5-year bog. Picture taken 10/12/16. 
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Figure A7. 5-year bog. Picture taken 10/12/16. 

 

 

 
Figure A8. 15-year bog. Picture taken 10/12/16. 
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Figure A9. 15-year bog. Picture taken 11/14/16. Same viewpoint as Figure A8. 

 

 

 
Figure A10. Larva of Argia (Coenagrionidae). Photo through stereo microscope by Rachel Cho. 
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Figure A11. Larva husk of Argia (Coenagrionidae) (top), larvae of Enallagma (Coenagrionidae) (center and 

bottom). Photo through stereo microscope by Rachel Cho. 

 

 

 
Figure A12. Larva of Nehalennia (Coenagrionidae). Photo through stereo microscope by Rachel Cho. 
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Figure A13. Larva of Argia (Coenagrionidae) with the consumed remains of another Argia larva within. Photo 

through stereo microscope by Rachel Cho. 

 

Table A1. P-values for larvae by width ranges (according to Table 1). 

1~2:  0.85 2~3:  0.354 

1~3:  0.166 2~4:  0.009 

1~4:  <0.001 3~4:  0.100 

 

Table A2. P-values for larvae by depth ranges (according to Table 1). 

1~2:  0.001 

1~3:  0.005 

2~3:  0.722 

 

Table A3. P-values for larvae by vegetation cover ranges (according to Table 1). 

1~2: 0.223 

1~3: 0.564 

2~3: 0.493 
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