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ABSTRACT 

 Headwater streams are ubiquitous in coastal British Columbia and comprise a 

large proportion of our watershed ecosystems.  These small streams provide the tightest 

coupling between aquatic and terrestrial environments, yet they often receive the least 

protection under current forestry management guidelines.  One management strategy that 

may minimize the impact of logging on headwater streams is variable retention, a 

silvicultural technique that involves leaving single, or patches of standing trees after 

harvest.  Many aquatic true flies (Order: Diptera) utilize headwater streams during their 

larval stages, and then emerge as flying adults to disperse and reproduce.  A primary 

objective of this study was to determine the short-term impact of clear-cut logging on 

aquatic Dipteran communities from headwater streams.  The second objective was to 

determine the effectiveness of variable retention as a method to minimize the impact of 

logging on aquatic insects.  Dipteran communities were described from two streams 

within Weyerhaeuser’s TFL39 experimental block, located in the Tsitika Valley, on 

Northwestern Vancouver Island.  Emergent Diptera were sampled using emergence traps 

within uncut, clear-cut, and 20% patch retention treatments along two streams.  Total 

abundance and taxa richness was similar for all three treatment sites.  Uncut sites were 

found to have lower diversity and a different community structure than clear-cut and 

variable retention sites.  Clear-cut and variable retention sites were found to have a larger 

abundance of predators than uncut sites.  Also, uncut sites had a higher average 

abundance of fungus gnats than clear-cut sites, while the variable retention site did not 

differ from the clear-cut or uncut sites.  This study demonstrated that clear-cut logging 
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impacted aquatic Dipteran communities one and two years after harvest by altering the 

community structure, and increasing diversity and predator abundance.   

INTRODUCTION 

 Riparian zones are critical for regulating light and temperature regimes in streams, 

providing a food source for aquatic and terrestrial consumers, and are the source of 

woody debris in lotic environments (Pollock, 1998).  Sweeney (1984) lists the three main 

factors that influence life-history patterns of aquatic insects as: temperature, photoperiod, 

and nutrition.  Therefore, it is easy to conclude that forest practices which remove 

riparian vegetation will affect aquatic insects.  One management design implemented to 

minimize the impact of logging on aquatic systems is to leave a riparian buffer zone 

adjacent to the body of water, especially for fish bearing or community watershed 

streams.  However, small headwater streams receive little protection although they may 

be vitally important to downstream fish populations by exporting nutrients, organic 

matter and stream invertebrates (Gomi et al., 2002). 

 Variable retention (VR), or green-tree retention is a new approach to forest 

management, which involves leaving large, live trees after harvesting to increase the 

structural diversity of the cut site (Sullivan and Sullivan, 2001).  There are various VR 

prescriptions that may be applied to a harvest site, ranging from single tree retention, to 

large patch retention (Mitchell and Beese, 2002).  Our understanding of the effects of VR 

on ecosystem function is limited (Franklin et al., 1997), and even less is known about the 

effectiveness of VR in protecting small headwater stream ecosystems.  In order to 

evaluate the response of small streams to the VR approach several study sites were 

created in coastal BC in 2002 (Beese et al., 2003).   
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 The Tsitika River drainage is one of these experimental sites.  Experimentation at 

this site was originally conducted by Jon Sleeman as a PhD thesis project titled: “Stream 

Ecosystem Dynamics of the Vancouver Island Variable Retention Experiment from a 

Food Web Perspective”.  The main objective of the study was to examine the response of 

taxon-specific food web interactions to differences in detrital resources as a result of 

different management scenarios, and red alder leaf addition experiments (Sleeman, 

2003).  The study utilized eleven study streams in the Tsitika watershed, and involved 

sampling the aquatic insect community over a two year period using various sampling 

methods.  This project involves the investigation of just a small subset of the emergent 

insect samples obtained by Sleeman. 

 Many insects have an aquatic larval stage, and a terrestrial adult stage, including 

the true flies, caddis flies, dragonflies, damselflies, stoneflies, mayflies, and beetles 

(Hynes, 1984).  Commonly, the larvae provide the reserves for the adults to disperse and 

reproduce (Scudder and Cannings, 2006).  The riparian zone plays many important roles 

in the regulation of aquatic insect communities, and disturbances to this area as a result of 

timber harvest will impact the biodiversity and community structure of aquatic Diptera 

that utilize adjacent areas of headwater streams.  The River Continuum Concept states 

that members of insect communities can be divided into four main functional feeding 

groups.  Shredders eat coarse particulate organic matter (CPOM) such as leaf litter 

processed by associated microbes.  Collectors filter or gather fine particulate organic 

matter (FPOM) as a food source, which is made available by the upstream processing of 

large particulate matter by shredders.  Scrapers are mainly found in areas of high primary 

production, as they use algae as their food source.  Lastly, predators occupy the highest 
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level of the food web.  Based on the continuous gradient of physical conditions along a 

river system, the proportion of functional feeding groups will change in order to 

maximize the energy inputs over the course of a year (Vannote et al, 1980).  According to 

this theory, headwater streams have an abundance of CPOM input from the riparian zone, 

and so shredders should constitute a large proportion of the insect community from here.  

Also, if the riparian zone is removed from a headwater stream the main food source will 

shift from CPOM to FPOM and algae.  This should alter the community structure so that 

collectors and scrapers constitute a greater proportion of the overall community.  To 

determine if there are differences between the Dipteran communities sampled the 

following null hypothesis was tested: There is no difference between the Dipteran 

communities sampled from the uncut, clear-cut, and VR treatment sites.  If statistical 

differences are found between selected diversity parameters for each treatment scenario 

the alternative hypothesis can be accepted.  Although this project is only concerned with 

a small portion of the original study objectives, it is more appropriate for the time allotted 

for an undergraduate thesis, and ought to still provide insight into the response of aquatic 

insect diversity to VR management. 

       

MATERIALS AND METHODS 

Study Site 

 The study site is located on the northeastern side of Vancouver Island, within the 

Tsitika River drainage.  This area is within the Coastal Western Hemlock biogeoclimatic 

zone.  In the spring of 2002 three sites were selected within Weyerhaeuser’s TFL39.  Of 

the three study sites, only Opening 38250 on branch M390F of the Tsitika mainline will 
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be utilized in this project.  It includes two study streams, Stream 12 and McCann, both of 

which flow through uncut and clear-cut treatments.  Also, Stream 12 flows through a 

20% patch retention treatment section (Figure 1).  The clear-cut and variable retention 

treatments were completed in the winter of 2002.  All of the study streams selected are 

headwater streams emerging as transitional or first order streams with enough catchment 

area to supply perennial surface flow.  The streams were matched for elevation, gradient 

and size (Sleeman, 2003).   
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Figure 1. Study site Op 38250 showing study stream sites in uncut, clear-cut, and 20% group retention treatments. 
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 The physical characteristics of the study streams, such as rate of flow, buildup of 

organic matter, surrounding debris, and stream bed material varied between streams, and 

between treatment sites.  In the uncut treatment McCann was found to be fast running, 

with lots of surrounding windthrow, and with a stream bed of solid rock.  However, in the 

clear-cut treatment, McCann’s stream bed was comprised of low cobbles and coarse sand, 

and the channel was filled with an abundance of woody debris.  In comparison, Stream 

12 in the uncut treatment site had a very low flow, while at the clear-cut treatment site it 

had a faster flow velocity.  Stream 12’s bed was also comprised mainly of cobbles.  The 

channel was filled with a lot of debris in the upper portion, and an accumulation of 

organic matter in the pools was noted.  Stream 12 in the variable retention treatment was 

found to have a buildup of organic matter that settled out in slow spots, with a bed mainly 

of cobbles.  The group retention patch situated over Stream 12 suffered from moderate 

windfall damage in November/December 2001 (Beese, 2006). 

Sampling Methods 

 John Sleeman collected a variety of samples over the spring and summer seasons 

of 2002 and 2003.  Invertebrate collections included surber, drift net, and emergent 

samples.  Samples of coarse particulate organic matter, and fungi were also collected.  

Since the focus of this project is the emergent insects, it is pertinent to explain in greater 

detail the methods Sleeman used to collect the samples.  Emergent insects were captured 

as they emerged from the stream by a trap constructed of no-see-um mesh (very fine) 

supported by a wood frame.  Typical of most emergent insect traps it was in the shape of 

a pyramid with a Plexiglas top.  The insects flew up into the Plexiglas top, where they 

were trapped in the collection bottle.  The 50cm by 50cm bottom of the trap was fitted 
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with a “skirt” of fabric that ensures the insects actually end up in the trap (Figure 2) 

(Richardson, 2006). 

 

Figure 2.  Similar emergent trap to the one used by Sleeman (Richardson, 2006). 

 The length of time the traps were deployed, and the time of day at which they 

were deployed were standardized, but the exact details are unknown (Richardson, 2006).  

Once the insects were trapped they were placed in plastic and glass containers within a 

mixture of formalin and ethanol.  The tops of the containers were labeled with the date, 

location, treatment, and collector’s name.   

Selection of sample subset 

 The entire collection of samples from all eleven study sites consisted of over 800 

jars.  Initially, the contents of the collection had to be organized and catalogued in order 

to determine what exactly had been collected.  The next step involved inspection of the 

specimens in order to determine which samples were still viable for analysis.  As the 

collection had been neglected for several years the contents of many of the jars had 

become dehydrated and degraded.  The plastic jars had degraded the most and the glass 

jars were in reasonably good condition.  Within the entire collection the emergent insect 
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samples had suffered the least damage, and would offer the best scenario for 

identification.  Many of the insects collected by surber sampling, and drift net sampling 

were soft bodied larval stages, which are more susceptible to damage and degradation 

compared to adult emergent insects, which possess a hard exoskeleton.   

 The collection contained over 200 jars of emergent insect samples.  Analysis of 

all of these samples would greatly exceed the time allotted for this project.  The next task 

was to reduce the amount of samples to be analyzed to an appropriate number.  Based on 

the design of the study site, it was decided to utilize samples collected from Stream 12 

and McCann for two main reasons.  First, out of all of the streams studied, Stream 12 and 

McCann are the most comparable.  They flow in close proximity to one another over 

similar topography.  Second, both streams share uncut and clear-cut treatment sites.  As a 

result a good comparison between uncut and clear-cut treatments can be made.  Only 

Stream 12 was subject to the 20% group retention treatment.  However, as there were 

eighteen samples collected over a two year period there should be enough data available 

to compare variable retention to clear-cut and uncut treatments.  If time permits it may be 

worthwhile to analyze the samples collected from another stream, Easy, which also 

occurs in the Op 38250 study site.  The only area of Easy that was sampled was subject to 

30% group retention.  Inspection of the site, however indicated that extreme windfall, and 

close proximity to the road may pose problems. 

Identification 

 Once the sample subset was selected, the samples to be analyzed were rinsed to 

remove the formalin.  This was done by transferring the specimens to a 50µm screen, 

flushing them with distilled water, and then transferring them into a clean container filled 
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with 70% ethanol.  This step was taken to avoid the inhalation of formalin during the 

identification process.  Taxonomic identification of the insect specimens was done using 

appropriate keys, especially Scudder and Cannings (2006).  A dissecting microscope with 

a maximum magnification of 40x was used to inspect the morphological features in 

accordance with the identification keys.  All of the Diptera from each sample were 

separated according to family into smaller vials.  The mayflies, caddisflies, and stoneflies 

were also sorted according to order.  It was not possible for the insects to be identified 

further to genus or species for several reasons.  Many of the specimens were not fully 

scleratized and as a result some of the key morphological features were not fully 

developed, or even present making, further identification difficult.  Also, poor storage 

and handling of the collection caused some degree of damage to the specimens, even the 

ones in fairly good condition.  Unfortunately, many of the specimens were missing legs, 

antennae, wings, mouthparts, heads, and other distinguishing features.  More precise 

taxonomic identification will likely require assistance from individuals who specialize in 

specific families.  Lastly, there are limited resources available for many of the more 

obscure taxa, increasing the difficulty of further identification of the emergent insects.  

Time permitting, a higher degree of taxonomic identification may be possible for some of 

the specimens.  

Data Analysis 

 In order to determine if there was a statistical difference in diversity between the 

study streams for each prescription: uncut, clear-cut, and 20% group retention, a variety 

of diversity measures were utilized using both non-parametric and parametric statistics. 

Abundance, taxa richness, and the EPT:D ratio are common indices used to compare 
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aquatic insect diversity (Merritt and Cummins, 1996).  Taxa richness indicates the 

number of families in a sample. The EPT:D is a ratio that compares relatively sensitive 

insect taxa (Ephemeroptera, Plecoptera, and Trichoptera) to relatively tolerant taxa 

(Diptera).  The Chi Squared Test is a non-parametric statistic that was used to test if 

communities are different based on the mean proportion of each taxa within the 

community (Heath, 1995).  The Shannon-Wiener Diversity Index (H’) is another 

diversity measure that takes into account the evenness of the taxa.  H’ is calculated by the 

formula: summation of -(pi)ln(pi), where p is the proportion that a family represents in 

the entire community.  The Mann-Whitney U-test is a non-parametric statistic that can 

test for differences in the median H’ between samples (Fowler et al., 1998).   

 Parametric statistical analysis requires that some assumptions be made: the data is 

continuous and approximately normally distributed, and that the variances of the data sets 

are homogeneous (Dytham, 1999).  Often, diversity counts from field collections of 

insects show a dependency of the variance on the mean.  If this phenomenon is apparent 

with the data set transformation may be required.  The logarithmic transformation, and 

log(x+1) (for samples with zero counts) is recommended by Allan (1984).  Following 

transformation parametric analysis, such as the Two-sided t-test were used to identify 

differences in the communities from the study.       
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RESULTS 

 A total of 13 families of Diptera were obtained from Stream 12 and McCann 

(Table I).  The families collected represent a range of larval functional feeding groups, 

such as collector-gatherers, detritivores, predators, and shredders.  The Dolichopodidae, 

Empididae, Muscidae, and Syrphidae are predators during their adult stage.  The 

frequency of capture at each treatment site for the Dipteran families is given in table II.  

The Chironomidae were collected in nearly 100% of all of the traps.  The capture 

frequency of the Cecidomyiidae, Empididae and Sciaridae were relatively the same from 

each of the treatment sites.  The Ceratopogonidae, Dolichopodidae, Muscidae, Phoridae, 

Psychodidae, Simuliidae, Syrphidae, and Tipulidae were captured more frequently at 

clear-cut and VR sites, than old growth sites (Table II).  The Mycetophilidae were 

captured more frequently at VR and old growth sites, than clear-cut sites.   
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Table I.  List of Dipteran families, common names and trophic information. 

Family Common Name 
Larval Functional 
Feeding Group 

Adult Trophic 
Designation 

Ceratopogonidae No-see-ums, punkies Pr, Cg Prey 

Chironomidae Midges Pr, Cg Prey 

Cecidomyiidae   Cg Prey 

Dolichopodidae Long-legged flies Pr Predator 

Empididae Dance flies Pr, D Predator 

Muscidae Muscid flies Pr Predator 

Mycetophilidae Fungus gnats D Prey 

Phoridae Phorid flies D Prey 

Psychodidae Moth or drain flies Cg Prey 

Sciaridae Dark fungus gnats D Prey 

Simuliidae Black flies Cf Prey 

Syrphidae Hover flies Pr Predator 

Tipulidae Crane flies Sh, D Prey 

Cf- collector-filterer; Cg, Collector-gatherer; D, detritivore; Pr, predator; Sh, shredder 
(modified from Merritt and Cummins, 1996). 
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Table II.  Frequency of capture at each treatment site for families of Diptera. 
  Clear-cut Variable Retention Old Growth 
Ceratopogonidae 85% 91% 53% 

Chironomidae 100% 100% 95% 

Cecidomyiidae 65% 55% 68% 

Dolichopodidae 95% 91% 37% 

Empididae 85% 82% 79% 

Muscidae 95% 100% 58% 

Mycetophilidae 70% 100% 100% 

Phoridae 70% 73% 42% 

Psychodidae 25% 36% 11% 

Sciaridae 75% 82% 74% 

Simuliidae 60% 91% 37% 

Syrphidae 65% 55% 21% 

Tipulidae 90% 100% 68% 

Sample size 20 11 19 

 
 
 Figure 3 shows the average proportion each Dipteran family contributes to the 

total fly community from each sample site.  The Chironomidae made up the largest 

average proportion of each of the communities sampled, ranging from 50% to 85%.  The 

other families constituted smaller proportions of the total communities, which varied 

between sample sites.  To alleviate this innate variability and improve visual 

comparability an arcsine transformation (arc_p=arcsin(SQRT(p)) was performed on the 

average proportion of families (Figure 4).  After transformation the Chironomidae still 

comprised the greatest proportion of each of the communities sampled.  However, the 



14 

clear-cut and VR sample sites demonstrated similar community characteristics, which 

differed from the characteristics of the old growth communities. 

   

 
Figure 3.  Average proportion of individuals classified by family for each sample site.  
Pi=ni/N, where ni is the number of individuals in a family, and N is the total number of 
individuals collected. 
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Figure 4.  Average proportion of individuals classified by family for each sample site 
using the arcsine transformation, arc_p = arcsin(SQRT(p)). 
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 Table III lists the mean abundance, taxa richness, EPT:D, and Shannon-Wiener 

Diversity Index (H’) and the corresponding standard deviations from each of the sample 

sites.  The average abundance is measure of the total number of individuals captured at a 

given site.  Average abundance was found to be highly variable, and there was no 

significant difference between sample sites.  Taxa richness is the average total number of 

families collected at each sample site.  Although, the two old growth sites had lower 

average taxa richness, there were no significant differences between treatment sites with 

respect to the number of families collected (Confidence intervals less than 95%, data not 

shown).  All of the sample sites had small average EPT:D  ratios, ranging from 0.03-0.04.  

The Shannon-Wiener Diversity Index is a measure of both taxa richness and community 

evenness.  The old growth sites had lower H’ values than the clear-cut and VR sites 

(Table III). 

Table III.  Average Dipteran abundance, taxa richness, EPT:D, and Shannon-wiener 
index from clear-cut (CC), variable retention (VR), and uncut (OG)  treatment sites. 
  Stream 12 CC Stream 12 VR Stream 12 OG McCann CC McCann OG 
Sample size 11 11 10 9 9
Mean abundance 176.00 228.73 109.70 195.67 270.22
Standard deviation 266.18 159.17 41.41 142.98 317.76
            
Taxa richness 9.55 10.55 8.20 10.11 6.67
Standard deviation 2.54 2.11 1.75 1.83 2.29
            
Mean EPT:D 0.03 0.03 0.04 0.04 0.04
Standard deviation 0.03 0.02 0.04 0.04 0.04
            
Mean Shannon-wiener 1.38 1.54 0.97 1.32 0.73
Standard deviation 0.36 0.26 0.28 0.43 0.42
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 In order to determine if the average family proportions of the communities from 

each of the sample sites are statistically different the Chi Squared Test was used (Tables 

IV and V).  If a P-value of less than 0.05 was calculated then the null hypothesis was 

rejected and the alternative hypothesis was accepted: there are differences between the 

proportions of the Dipteran families sampled from the treatment sites being compared.  

When the old growth and clear-cut treatment sites were compared, significant P values 

were calculated for Stream 12 (P<0.001), and McCann (P<<0.001).  Also, when the VR 

site was compared to the old growth site on Stream 12 a significant P value was 

calculated (P<<0.001).  However, a P value of greater than 0.05 was calculated when the 

clear-cut and VR sites on Stream 12 were compared (Table IV).  Table V presents the 

results of the Chi Squared analysis comparing the same treatment sites between the two 

streams.  A significant P value was calculated when the old growth sites were compared 

(P<0.001).  Removal of an outlier increased the P value (0.05>P>0.01) for the 

comparison of the old growth sites, but this did not make the P value non-significant. 
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Table IV.  Chi Squared Test for differences between proportions of Dipteran families at 
different sample sites within the same stream. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

χ2 Analysis:  Stream 12   
     
Clear-cut vs. old growth    
Calculated χ2 35.37 P<0.001 
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Reject Null Hypothesis   
     
Clear-cut vs. variable retention    
Calculated χ2 19.67 P>0.05 
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Accept Null Hypothesis   
      
Old growth vs. variable retention    
Calculated χ2 65.53 P<<0.001
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Reject Null Hypothesis   

  McCann   
     
Clear-cut vs. old growth    
Calculated χ2 70.87 P<<0.001
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Reject Null Hypothesis   
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Table V.  Chi Squared Test for differences between proportions of Dipteran families for 
same treatments at different streams. 
 
χ2 Analysis:  Clear-cut    
     
McCann vs. Stream 12    
Calculated χ2 10.01 P>0.05 
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Accept Null Hypothesis   

  Old-growth   
     
McCann vs. Stream 12    
Calculated χ2 37.62 P<0.001 
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Reject Null Hypothesis   

  Old-growth*   
     
McCann vs. Stream 12    
Calculated χ2 23.24 0.05>P>0.01 
df 12   
Critical χ2 (P=0.05) 21.03   
Decision Reject Null Hypothesis   
*Removal of an outlier for better comparison: sample included unusually 
high abundance of chironomids atypical of the other samples collected 
at the old-growth sites. 

 

 To compare the median H’ of Dipteran communities from each sample site the 

Mann-Whitney U-test was used (Table VI).  If the calculated U value (U1) is less than 

the critical U value than the median H’ is statistically different between two communities.  

This analysis determined that the old growth and clear-cut sites had different median H’s 

for both streams, and that the old growth and VR sites on stream 12 had different median 

H’s. 
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Table VI.  Comparison of median Shannon-Wiener Index for Diptera at different 
treatment sites within the same stream, and the same treatment sites within different 
streams. 

Mann-Whitney U-test       
        
Stream 12   McCann   
       
Clear-cut vs. old growth   Clear-cut vs. old growth   
U1 19.5 U1 11.5
Critical Value 26 Critical Value 17
U1<26:   U1<17   
Reject Null Hypothesis   Reject Null Hypothesis   
      
Clear-cut vs. variable 
retention     
U1 42   
Critical Value 30   
U1>30:     
Accept Null Hypothesis     
      
Old growth vs. variable 
retention     
U1 7.5   
Critical Value 26   
U1<26:     
Reject Null Hypothesis     

      
Clear-cut     
      
McCann vs. Stream 12     
U1 51   
Critical Value 23   
U1>23:     
Accept Null Hypothesis     
      
Old growth     
      
McCann vs. Stream 12     
U1 35.5   
Critical Value 20   
U1>20:     
Accept Null Hypothesis     

  

 The two-sided t-test was used to determine if there are statistical differences 

between the average predator abundances from each sample site (Table VII).  A log 
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transformation was used to minimize the variance to mean dependence.  Old growth sites 

had a lower average predator abundance than clear-cut sites for both Stream 12 and 

McCann (P=1.15E-05, and P=0.02), respectively.  Also, on Stream 12 the old growth site 

had a lower average predator abundance than the VR site (P=7.17E-05).  

 The two-sided t-test was also used to compare average Mycetophilidae 

abundances between sample sites (Table VIII).  In this case a log + 1 transformation was 

required to minimize the variance to mean dependence and accommodate for zero counts.  

Old growth sites had a statistically higher mean Mycetophilidae abundance compared to 

clear-cut sites for both Stream 12 and McCann (P=0.03, and P=0.03), respectively.  The 

VR site on Stream 12 did not differ significantly from the old growth nor the clear-cut 

site (P=0.09, and P=0.23), respectively. 
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Table VII.  Comparison of the mean log (predator abundance) using two-sided t-test for 
different treatment sites within the same stream, and the same treatment sites within 
different streams.  

Stream 12 Old growth Clear-cut McCann Old growth Clear-cut 
Mean log (predators) 0.60 1.41 Mean log (predators) 0.88 1.33
Variance 0.11 0.10 Variance 0.14 0.11
Observations 10 11 Observations 9 9
df 19  df 16   
t Stat -5.88  t Stat -2.69   
P(T<=t) two-tail 1.15E-05  P(T<=t) two-tail 0.02   
t Critical two-tail 2.09  t Critical two-tail 2.12   
Decision: Reject Null Hypothesis Decision: Reject Null Hypothesis 

Stream 12 
Variable 
retention Clear-cut    

Mean log (predators) 1.64 1.41    
Variance 0.31 0.10    
Observations 11 11    
df 16      
t Stat 1.17      
P(T<=t) two-tail 0.26      
t Critical two-tail 2.12      
Decision: Accept Null Hypothesis    

Stream 12 
Variable 
retention Old growth    

Mean log (predators) 1.64 0.59    
Variance 0.31 0.11    
Observations 11 10    
df 16      
t Stat 5.30      
P(T<=t) two-tail 7.17E-05      
t Critical two-tail 2.12      
Decision: Reject Null Hypothesis    
Clear-cut McCann Stream 12    
Mean log (predators) 1.33 1.41    
Variance 0.11 0.10    
Observations 9 11    
df 17      
t Stat -0.56      
P(T<=t) two-tail 0.58      
t Critical two-tail 2.11      
Decision: Accept Null Hypothesis    
Old growth McCann Stream 12    
Mean log (predators) 0.88 0.60    
Variance 0.14 0.11    
Observations 9 10    
df 16      
t Stat 1.75      
P(T<=t) two-tail 0.10      
t Critical two-tail 2.12      
Decision: Accept Null Hypothesis    
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Table VIII.  Comparison of mean log (Mycetophilidae abundance + 1) using the two-
sided t-test between different treatment sites in the same stream, and same treatment sites 
in different streams.

Stream 12 Old growth Clear-cut McCann Old growth Clear-cut 

Mean log (Mycetophilidae+1) 1.04 0.51
Mean log 
(Mycetophilidae+1) 1.16 0.63

Variance 0.28 0.25 Variance 0.14 0.30
Observations 10 11 Observations 9 9
df 19  df 14   
t Stat -2.40  t Stat -2.34   
P(T<=t) two-tail 0.03  P(T<=t) two-tail 0.03   
t Critical two-tail 2.09  t Critical two-tail 2.15   
Decision: Reject Null Hypothesis   Decision: Reject Null Hypothesis 
Stream 12 Variable retention Clear-cut    
Mean log (Mycetophilidae+1) 0.71 0.51    
Variance 0.06 0.25    
Observations 11 11    
df 14      
t Stat -1.25      
P(T<=t) two-tail 0.23      
t Critical two-tail 2.14      
Decision: Accept Null Hypothesis      
Stream 12 Variable retention Old growth    
Mean log (Mycetophilidae+1) 0.71 1.04    
Variance 0.06 0.28    
Observations 11 10    
df 12      
t Stat -1.83      
P(T<=t) two-tail 0.09      
t Critical two-tail 2.18      
Decision: Accept Null Hypothesis      
Clear-cut McCann Stream 12    
Mean log (Mycetophilidae+1) 0.63 0.51    
Variance 0.30 0.25    
Observations 9 11    
df 16      
t Stat 0.55      
P(T<=t) two-tail 0.59      
t Critical two-tail 2.12      
Decision: Accept Null Hypothesis      
Old growth McCann Stream 12    
Mean log (Mycetophilidae+1) 1.16 1.04    
Variance 0.14 0.28    
Observations 9 10    
df 16      
t Stat 0.56      
P(T<=t) two-tail 0.58      
t Critical two-tail 2.12      
Decision: Accept Null Hypothesis      
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 Table IX summarizes all of the results for each statistical analysis.  All four of the 
 
 statistical tests found that Dipteran communities from clear-cut and old growth are 
 
 different based on each of their respective parameters.  Dipteran communities from old 

growth and VR sites on Stream 12 were found to be different based on the Chi Squared 

test, Mann-Whitney U test, and t-test for predator abundance; however, the two sites were 

found to be similar based on the t-test for Mycetophilidae abundance.  Dipteran 

communities from clear-cut sites on McCann and Stream 12 were not found to be 

different by any of the tests used.  The Dipteran communities from the old growth sites 

on the two streams were not different based on three of the statistical tests used, but the 

Chi Squared Test found that they were different based on average family proportions. 
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Table IX: Summary table of statistical results. 

 
* Removal of an outlier for better comparison: sample included unusually high 
abundance of Chironomidae atypical of the other samples collected at the old growth 
sites. 
 

 Χ2 test 
Mann-Whitney 
U test 

Two-sided t-
test 

Two-sided t-
test 

Parameter Overall mean 
family 
proportions 

Median 
Shannon-
wiener index 

Mean predator 
abundance 

Mean 
Mycetophilidae 
abundance 

Transformation none none Log (x) Log (x+1) 

          

Different treatments in same stream         

Stream 12         

Clear-cut vs. Old growth Different Different Different Different 

P-value <0.001 <0.05 1.15E-05 0.03 

          

Clear-cut vs. Variable retention No difference No difference No difference No difference 

P-value >0.05 >0.05 0.26 0.23 

          

Old growth vs. Variable retention Different Different Different No difference 

P-value <<0.001 <0.05 7.17E-05 0.09 

McCann         

Clear-cut vs. Old growth Different Different Different Different 

P-value <<0.001 <0.05 0.02 0.03 

          
Between same sites of different 
streams         

Clear-cut         

McCann vs. Stream 12 No difference No difference No difference No difference 

P-value >0.05 >0.05 0.58 0.59 

Old growth         

McCann vs. Stream 12 Different No difference No difference No difference 

P-value 0.05>P>0.01* >0.05 0.1 0.58 
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DISCUSSION 

 The 13 families of flies collected in this study represent a diversity of larval 

functional feeding groups.  The families collected are comparable to those collected in a 

previous study conducted in headwater streams in Clayoquot Sound, with two exceptions.  

Price et al. (2003) did not report collecting Cecidomyiidae, and reported collecting 

Dixidae with low frequency.  Dixidae were collected from both Stream 12 and McCann 

but in very low numbers, so this family was removed from the analysis.  Differences in 

study location, time of sampling, and different flow regimes of the study streams may 

account for the minimal differences between the Dipteran families obtained in the two 

studies. Of these families, the midges (Chironomidae) were the most dominant taxa.  The 

midges were found in nearly 100% of the samples, and comprised the largest proportion 

of all the individuals collected for all of the sample sites.  Within the Chironomidae there 

are several representative species, and individuals had variations in colour, size, and 

antennae morphology.  Of all of the Dipteran families, the midges exploit the greatest 

range of habitats, have a very large distribution, and are extremely abundant in nature.  

Further analysis would be required to investigate species composition and diversity of the 

Chironomids with respect to treatment site.  Other common families that most likely 

contain several representative species include the Ceratopogonidae, Muscidae, 

Simuliidae, Syrphidae, and Tipulidae.  The remaining families were collected from each 

of the sample sites with varying degrees.  The Ceratopogonidae, Dolichopidae, Muscidae, 

Phoridae, Simuliidae, Syrphidae, and Tipulidae were more frequently captured at the CC 

and VR treatment sites, while the Mycetophilidae was more frequently captured at the 
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VR and OG sites.  The remaining families (Cecidomyiidae, Empidae, Psychodidae, and 

Sciaridae) were captured with similar frequency at all three treatment sites.   

 Comparison of total mean abundance of all Diptera collected from each site yields 

little difference, and the standard deviations are very large. Also, there is no difference 

between the EPT:D ratio from each of the study sites.  Many species of EPT are known to 

emerge in the spring and early summer.  Subsequently the timing of sampling may have 

missed those species that do not emerge in the late summer to early fall.  Consequently 

those EPT collected only made up a small proportion of the total sample, ranging from 0-

10% (data not shown).  Notwithstanding, these insects are generally much larger than 

Dipterans, and a comparison based on EPT biomass/ Dipteran biomass may warrant 

interesting results (Merritt and Cummins, 1996).  

 The OG sites were found to have a lower alpha diversity, or taxa richness than the 

CC and VR sites.  Similarly, the OG sites also had a lower Shannon-Wiener Diversity 

Index (H’) than the CC and VR sites.  However, the alpha diversity may be an unreliable 

measure because we have only identified the Diptera to family level.  Better taxonomic 

resolution would be required to further analyze the effect of treatment on alpha diversity.   

 Initial comparison of average proportions of individuals classified to family 

demonstrates that there likely are differences between the treatment sites, as well as 

between Stream 12 and McCann.  According to Figure 1 Mycetophilidae make up a 

greater proportion in the OG sites, while Dolichopodidae and Muscidae make up greater 

proportions in the CC and VR sites.  Also, Ceratopogonidae seems to make up larger 

proportions in McCann CC and Stream 12 VR.  In general the data obtained is highly 

variable, which is a common theme when sampling emerging stream insects.  Patchiness 
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in distribution as a result of subtle changes to microhabitat, temperature, precipitation, 

flow regimes, and solar intensity are just some of the variables that can effect insect 

distribution, day to day, month to month, and year to year (Allan, 1984; Merritt and 

Cummins, 1996).  The transformed results further demonstrate that the Dipteran 

communities sampled from the CC and VR are similar to each other, and different from 

the communities sampled from the OG sites.  Visual comparison of the proportions is not 

enough to find significant differences, although it does suggest that there are noticeable 

trends for the Dipteran communities collected from the each of the treatment sites.  

 Table V lists the results of the Chi Squared Test when comparing similar 

treatments between the two different streams.  It was found that the CC sites from 

McCann and Stream 12 had similar proportions of Dipteran families (P>0.05), while the 

OG sites from McCann and Stream 12 had different proportions of Dipteran families 

(P<0.001).  When a non-typical sample was removed from the analysis of the OG sites, 

the P-value decreased, however not enough to accept the null hypothesis (0.05>P>0.01).  

It was expected that similar treatment sites at the different streams would have similar 

communities of emergent insects.  However, Sleeman noted in his field notebook that the 

OG site at Stream 12 had decreased flow velocity during the summer months, while the 

OG site at McCann did not dry up to the same degree.  Examination of the study site in 

the Summer of 2006 also found that Stream 12 OG had a much lower flow than McCann 

OG.  This difference in flow regime during the time of sampling may explain why 

different proportions of Dipteran families were collected at the two sites.  Price et al. 

(2002) demonstrated that emergent stream insect communities differed from headwater 

streams in Clayoquot sound based on flow regime.  
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  Table VI shows that the median H’ from OG and CC sites from McCann and 

Stream 12 differed, and that the median H’ from OG and VR sites from Stream 12 also 

differed.  The median H’ between the same treatments from Stream12 and McCann were 

found to be the same, and the median H’ from CC and VR from Stream 12 was also the 

same.  These results are what ought to be expected, typically clear-cut sites have a greater 

diversity than old growth.  Also expected is that similar treatment sites at the two streams 

would have similar diversities of Diptera. 

 The two non-parametric analysis used clearly demonstrate that there are 

differences among the proportions and diversities of Diptera collected at the OG, CC, and 

VR sites, and that similar treatment sites at the different streams are fundamentally 

similar to each other.  However, non-parametric analysis can only indicate that there are 

differences, but cannot specify exactly what is different.  In order to further investigate 

what is different between the treatment sites the t-test was used, assuming unequal 

variances.  The first parameter investigated with the t-test was the mean abundance of 

predator taxa.  The Dolichopodidae, Empididae, Muscidae, and Syrphidae are classified 

as predators during their adult flying stage.  In fact many species of these predators target 

emerging insects as prey.  The remaining families were classified as prey.  This analysis 

concludes that the CC and VR sites were similar and had higher mean abundances of 

predatory flies, while the OG sites typically had lower abundances of predators.  This 

analysis also demonstrates that mean abundances of predators were similar at the same 

treatments at the different streams.  There may be several interacting factors that would 

explain why there were more predators collected in the CC and VR treatment sites.  

Clear-cut sites may increase predator visibility making it easier to locate prey, and offer 
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prey less protection as the canopy has been removed.  Also, some aspects of the biology 

of some of the predator species may favour utilizing clear-cut sites, for foraging and or 

developing (Merritt and Cummins, 1996; Scudder and Cannings, 2006)    

  In general, one would expect that where there are more predators there would 

also be more prey.  It has been demonstrated that clear-cut sites generally have greater 

abundances of emergent insects, so it could be predicted that there would also be more 

predators.  However, no correlation was shown between prey abundance and predator 

abundance.  This does not necessarily mean that there are not greater amounts of prey at 

the CC and VR sites.  The emergent sampling may have prevented the ability to 

accurately measure this phenomenon.  When the emergent trap is deployed not only does 

it capture insects emerging from the stream, but it also captures a variety of other insects, 

including predators that are on the surface foraging.  Once inside the trap the insects are 

not killed right away, so any predators that are captured can continue to feed.  As a result 

it is possible that prey abundances were underestimated by this sampling technique.  This 

matter could be clarified by sampling larval stages using drift nets, and then classifying 

the individuals collected as either predator or prey.  This would most likely give a better 

estimate of actual abundances of prey available at a given site.  

 In general, it was found that OG and VR sites had the highest mean abundance of 

fungus gnats.  Statistically, the OG and CC sites differed in their fungus gnat abundances.  

Also, the same treatments had similar fungus gnat abundances for both streams.  The 

Mycetophilidae probably require a shady moist terrestrial environment as adults, so they 

cannot utilize clear-cut sites (Scudder and Cannings, 2006).  The abundance of fungus 
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gnats found at the VR site did not significantly differ from the CC and OG sites 

suggesting that the small patch of retained trees may provide a refuge for this family. 

 As expected the CC sites were different from the OG sites for both Stream 12 and 

McCann.  It was also found that the CC and VR sites were similar for each of the 

parameters tested, suggesting that the VR patch did not provide a suitable habitat for fly 

communities typical of the old growth.  However, VR may provide a refuge for one 

family, the Mycetophilidae, which were found in higher abundances in the OG compared 

to the CC sites.  In general the CC sites were similar at McCann and Stream 12, and to 

the most extent so were the OG sites.  The Chi Squared Test suggested that the two OG 

sites were different based on proportion of Dipteran families but based on the three other 

parameters the two OG sites were found to be the same.  These results agree with the 

expectation that not only would similar treatment sites on the different streams be 

comparable, but also that CC and OG would be different with respect to Dipteran 

families.  Furthermore, from this analysis it was demonstrated that Dipteran families 

collected in the VR site, were similar to those collected in the CC sites, and different 

from those collected in the OG sites.  The results of this research project indicate that 

variable retention may not be an effective strategy to minimize the short-term impact of 

clear-cut logging on aquatic Dipteran communities.  More investigation is required to 

better our understanding of the use of variable retention as an adaptive management 

strategy with respect to aquatic Dipteran biodiversity. 

 Further analysis of the samples originally obtained by Sleeman could provide 

different perspectives into the short-term effects of clear-cut logging and variable 

retention on aquatic insect communities.  For example, the drift net samples target insects 
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during their larval aquatic stages, which may include species and families that were not 

captured using the emergent traps.  Potentially these samples may include a more 

accurate representation of the Ephemeroptera, Plecoptera, and Trichoptera as they were 

found in low abundances and proportions from the emergent traps.  Also, the surber 

samples will represent taxa that utilize the benthos as their larval habitat, which may have 

also been falsely represented by the emergent sampling.  Furthermore, it would also be 

pertinent to determine any differences in coarse particulate organic matter available at 

each of the treatment sites by analyzing the CPOM samples.  So, in order to have a 

complete understanding of what the short-term effects of clear-cut logging on aquatic 

insects, it would be necessary to analyze all of the samples Sleeman collected. 

 Also by increasing the number of emergent insect samples taken, as well as 

collecting samples in the late spring to early summer a more accurate sample set would 

have been generated.  Increasing sample size would have maximized the likelihood of 

sampling all available microhabitats along a stream, as well as capturing rare species, or 

unusually large hatches of insects.  Furthermore, because the emergent samples were 

taken in the late summer to early fall and representative species that exclusively emerge 

earlier in the season would have not been sampled.  Although the samples collected 

included enough replicates for statistical analysis, potentially the samples could have 

better represented the actual community of aquatic insects had the sampling season and 

size been increased. 

 For this analysis all of the Dipterans were identified to the family level.  This 

level of taxonomic resolution allowed for a general comparison of the two communities 

given the relatively short time period allotted for identification and enumeration of the 
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flies.  It would however be quite insightful if the Chironomidae and Tipulidae could be 

identified to the species level, because species belonging to these two families are 

commonly used as bioindicators.  The presence or absence of a given species at a given 

treatment site would therefore be an indirect method to indicate the temperature, pH, and 

food availability of a sample site (Merrit and Cummins, 1996).  Negative aspects of 

identifying emergent Diptera to species are that it would require quite a large time 

commitment, trained experts, and reference specimens. 

 Although, this report demonstrates little evidence that variable retention provided 

protection from clear-cut logging with respect to emergent Diptera, it in no way 

ultimately refutes this method as an adaptive management strategy.  In fact, it is possible 

that VR may be effective over a long time period, since this study only focused on the 

short-term effects.  It would be useful to repeat the sampling protocol several years after 

the initial samples were taken in order to investigate not only the long-term effects of 

clear-cut logging on aquatic Dipteran biodiversity, but to determine if VR can reduce the 

recovery rate for these headwater stream communities.  Variable retention may provide 

potential refuge sites for old growth restricted species once the initial disturbance caused 

by timber harvesting is reduced over time.  Dispersal from the VR patches to once clear-

cut areas after some re-forestation has occurred may increase the recovery rate for 

Dipteran communities from headwater streams.   So, although VR offered limited 

protection to aquatic Dipteran biodiversity from the immediate effects of clear-cut 

logging, with the exception for the Mycetophilidae, VR may still have the potential to 

minimize the long-term impacts of timber harvesting on these emerging stream insects.  
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