
Aquatic Invertebrates – 2007 

Aquatic Invertebrate Sampling and Analysis 

Aquatic invertebrates were sampled over a two week period in late May/early June and 

again at the beginning of July.  Sample timing was chosen to correspond with waterfowl nesting 

and brood rearing (Harrison pers. comm. 2007).  Six independent survey sites were randomly 

selected for each of the 30 wetlands during both sampling periods.  Samples were taken one 

metre from shore (where possible) and at a minimum water depth of 10.2 cm and a maximum of 

40.2 cm.  A total of five sweeps, 40 cm in length, were collected using a rectangle frame 250 μm 

mesh net (area of net opening was 0.1 m
2
) within an L 40 cm x W 47 cm x H 61 cm aluminum 

enclosure.  The substrate was agitated to a depth of approximately 5 cm with a garden rake prior 

to sweeping with the net.  This allowed for the collection of benthic invertebrates as well as those 

within the water column.  Water depth was recorded in order to determine the number of 

organisms per litre of water.  All samples were placed in Whirlpak bags and preserved with 70% 

ethanol for later examination. A total of 360 samples were collected between the two sampling 

sessions.  At the conclusion of each sampling period, conductivity and pH were measured using 

an YSI multiprobe at three randomly selected sites in each wetland. 

Invertebrate samples were subsampled using two different sized (15.2 cm x 15.2 cm and 

20.3 cm x 25.4 cm) Caton subsampling trays (Caton 1991).  Subsamples were removed from the 

sample material using a 3X power magnifying lamp until a target of 100 individuals was 

reached.  An additional 20% (for a total of 120) was sorted to account for damaged organisms 

and ensure that at least 100 specimens could be identified to the genus level.  Once the target 

number of organisms was reached, the remainder of the subsample was sorted.  The entire 

sample was then searched for large/rare taxa that were greater than 0.5cm and found in less than 

10% of the sample.  All macroinvertebrates were sorted and enumerated to the order level and 

where possible to the family level. 

Wetlands were categorized into low, moderate and high grazing intensities.  Grazing 

intensity was determined by Jones et al (2007) who performed principal components analysis 

(PCA) on the physical attributes of the wetlands.  His resulting PC1 data was used to classify the 

wetlands into the three grazing intensity categories.  One-way ANOVA was used to test for 

disturbance effects on invertebrate abundance and diversity. 

 

Results 

Invertebrates were identified to the family level if possible at the time of sorting; 

however, most organisms were sorted to the coarser level of order or class.  Table 5 lists the taxa 

found in the 2007 samples.  Due to the laborious nature of the benthic invertebrate samples we 

were unable to process all of the samples collected.  The wetland samples were prioritized to 

ensure that a full range of grazing intensities was represented in the final data set.  A total of 138 

samples (72 May/June and 66 July) were processed from 17 wetlands. 

The range of mean invertebrate densities was quite variable within and amongst study 

areas stressing the importance of examining richness and diversity in these wetlands (Table 6).  

The Shannon-Weiner Diversity Index was used to characterize the diversity of the invertebrate 

community at the order level amongst the three categories of disturbance.  Invertebrate diversity 

was highest in the most disturbed wetlands for both the May/June and July sampling sessions 

(Figure 1).  Significant differences were detected between lightly and heavily (p = 0.003) and 

moderately and heavily (p = 0.034) disturbed wetlands in May/June.  July results were similar 



with significant differences between low and high (p = 0.00) and moderate and high (p = 0.026) 

disturbance categories. 

Invertebrate abundance results and statistical differences for the two sampling events are 

shown in Table 7.  In June, the total abundance of invertebrates was highest in wetlands that 

were lightly disturbed although no significant differences were found.  The abundance of 

invertebrate taxa was significantly affected by cattle disturbance in only a few cases.  Diptera 

(consisting mostly of Chironomidae) abundance was greatest in the least disturbed wetlands 

although only significant between the lightly and moderately disturbed groups (p = 0.006).  

Zygoptera (Odonata) were also most numerous in the low disturbance class with significant 

differences between the low and high (p = 0.041) and low and moderate (p = 0.043) categories.  

Gastropoda showed a contrasting response to cattle disturbance with greatest numbers present in 

the heavily disturbed category and significant changes between lightly and heavily (p = 0.00) and 

moderately and heavily   (p = 0.005) disturbed groups. 

July samples followed a similar pattern with Diptera (Chironomidae) and Zygoptera 

(Odonata) most abundant in wetlands with low disturbance and more Gastropods present in 

highly disturbed wetlands. No statistical differences were detected for these taxa; however, 

significant changes in abundance for two other taxa were discovered.  Coleoptera and 

Oligochaeta were most numerous in highly disturbed wetlands with significant differences 

between low and high (p = 0.002; p = 0.001) and moderate and high (p = 0.005; p = 0.037) 

disturbance groups. 

Specific conductance readings were recorded in June and July for each pond using an 

YSI multi-probe.  Table 8 shows the mean specific conductance values (from samples processed 

for invertebrates) across the four study areas.  Six of the wetlands had extremely high readings 

and samples that were collected from those wetlands were not processed.  As a result, these 

wetlands were not included in the table. Aquatic invertebrates are varied in their tolerance to 

high specific conductance values, and wetlands with high values will have a different community 

composition.  For example, one of the ponds in the Hamilton Commonage had a July reading of 

20.62 mS/cm.  Brine shrimp (genus Artemia) were found residing in this pond and not in any of 

the other ponds. 

 

Discussion 

The preliminary results demonstrate that a reduction in grazing disturbance does not 

necessarily equate to an enhanced aquatic invertebrate diversity. The expectation that high cattle 

disturbance decreases community diversity was not supported by these data.  Diptera, which are 

generally more tolerant of poor water quality and habitats, were more abundant in lightly 

disturbed wetlands with conditions to the contrary.  Presumably, it should be more difficult for 

invertebrates to live in a highly disturbed environment which would result in a lower overall 

diversity. 

Zygoptera did follow an expected pattern with decreased abundance in more disturbed 

wetlands.  In Alberta, Hornung & Rice (2003) found that adult odonate species richness 

decreased with cattle grazing due to the removal and trampling of vegetation.  Similarly, Foote 

and Hornung (2005) suggested that reducing the height of key wetland plant species decreased 

odonate diversity by reducing nocturnal roosts, ovipositing substrates and wind shelter. 

If taxa present in a disturbed system are numerous, diversity may not be as important as 

abundance. Cox et al (1998) found that when high densities of invertebrates were present, 

mallard ducklings had greater weight gain and faster growth rates.  Our study showed that 



Gastropods, an important prey item for certain species of breeding waterfowl during specific 

times of the year, were significantly more abundant in highly disturbed wetlands.  Use of 

wetlands by cattle may be managed for waterfowl resources if invertebrate densities (waterfowl 

food), increase as a consequence of disturbance. 

The effects of cattle disturbance on the aquatic invertebrate community may not be 

accurately portrayed by the 2007 results due to the taxonomic levels examined, differences in 

wetland classes, and disturbance intensity measurements used for analysis.  All analyses were 

performed on taxa at the coarse level of order, class or family.  Further identification to the genus 

or species level may be more successful at detecting small differences between disturbance 

categories.  The disturbance categories used were determined by examining the wetmeadow zone 

for measures of disturbance.  These measures may not be suitable for comparing aquatic habitats 

and other possible in-wetland measures of disturbance are currently being explored. 

Diversity differences may not reflect disturbance regimes and instead may be as a result 

of the differences in wetland classes.  This study examined class 4 and 5 wetlands which were 

grouped together for analysis.  Wetlands of different classes have different flooding cycles with 

some having periodic drying while others remain permanently flooded.  The flooding regimes 

are important in determining the aquatic invertebrate community composition.  Some species are 

adapted to periodic drying while others require continuous flooding to complete their life-cycles.  

The 2008 analysis will be grouped by wetland class to avoid this issue. 

 

Aquatic Invertebrates – 2008 

Aquatic Invertebrate Sampling and Analysis 

New sampling and processing techniques were explored this year to expedite the sample 

processing time.  Rather than collecting one large sample of the substrate and water column 

combined, aquatic invertebrates were collected using two different methods.  Sweep net samples 

were used to collect those invertebrates in the water column and at the surface (nektonic 

community), while those organisms found in or on the surface of the substrate (benthic 

community) were captured in core samples.  Smaller benthic samples alleviated the need to 

subsample, which was very time consuming in 2007. The separate collection of the nektonic 

community in the water column increased sorting efficiency as the samples were relatively 

‘clean’ to sort through compared to samples including substrate. 

Six sweep samples were collected per wetland during each sampling session.  Samples 

were collected 2 metres from the wetted edge of the wetland using a 500μm D-frame net placed 

just above the substrate surface and rapidly pulled vertical to the water surface.  Water depth was 

measured at sweep site to determine organisms/m
3
.  Organisms were placed in Whirlpak bags 

with 70% ethanol for later processing. 

Six benthic cores (5.1 cm diameter by 10.2 cm deep) were sampled at the sweep site 

locations using a benthic hand corer.  An additional six random sites were selected on each 

wetland for a total of twelve sites per wetland.  Samples were placed in Whirlpak bags with 70% 

ethanol for later processing. 

As in 2007, 30 wetlands were sampled in spring (May/June) and 25 in the summer (July).  

Five of the wetlands became dry before the commencement of the second sampling session in 

July.  A total of 540 samples (180 sweeps and 360 cores) were collected during the spring and 

450 (150 sweeps and 300 cores) during the summer.  Live sorting of the sweep samples was 

planned to increase sorting efficiency; however, the collection of the core samples proved to be 

time consuming and difficult and as a result live sorting did not occur.  Faced with not enough 



time to process all of the samples collected, we decided to process class 4 wetlands as a priority.  

This will allow us to examine 17 wetlands with similar attributes and varying grazing pressures. 

Sub-sampling was not required in 2008 and invertebrates have been sorted from the 

entire sweep or core sample using a 3X power magnifying lamp. Currently, samples have been 

identified to the order or family level and analyses conducted to date are at these levels.  Further 

identification (to the genus level where possible) is underway.  Once samples have been 

processed and identified to the genus level, they will be dried and weighed to determine biomass 

as per Ross & Murkin (1989). Wetlands were categorized into low, moderate and high 

disturbance using grazing intensities determined by Jones et al (2007). One-way ANOVA was 

used to test for disturbance effects on invertebrate abundance and diversity. 

Water chemistry and temperature are important parameters in determining aquatic 

invertebrate communities.  Specific conductance, pH and TDS were recorded at three locations 

on each pond using an YSI multiprobe.  Surface temperature was recorded at each sweep site 

using a digital thermometer. 

 

Preliminary Results 

Aquatic invertebrate diversity for the three disturbance levels was determined using the 

Shannon-Weiner Diversity Index (Figure 2).  Spring sweep and core samples had the greatest 

wetland diversity in the high disturbance wetlands; however, no statistical difference was found 

amongst the disturbance categories.  The summer sweep sample diversities were significantly 

different between the lightly and moderately disturbed wetlands (p = 0.001) and moderately and 

highly disturbed wetlands (p = 0.003). 

Invertebrate abundance results and statistical differences for the two sampling events are 

shown in Table 9 and 10.  The spring nektonic community total abundance was greatest in the 

lightly disturbed wetlands although no significant differences were found.  Only two taxa were 

significantly affected by grazing disturbance.  Odonata abundance was greatest in the lightly 

disturbed wetlands with significant differences between the low and moderate (p = 0.003) and 

low and high (p = 0.001) disturbance categories.  Coleoptera was also most numerous in the low 

disturbance class with a significant difference between lightly and heavily (p = 0.019) disturbed 

wetlands. 

The spring benthic community total abundance contrasted that of the nektonic 

community.  Total invertebrate abundance was highest in wetlands with heavy disturbance 

although no statistical differences were found.  Odonata was the only taxonomic group that was 

significantly influenced by grazing disturbance.  Odonata was most abundant in low disturbance 

wetlands with significant differences between lightly and moderately (p = 0.003) and lightly and 

heavily (p = 0.006) grazed wetlands. 

The summer nektonic community total abundance was similar to that of the spring 

benthic community.  No statistical differences were detected; however, invertebrate densities 

were greatest in the high disturbance class.  Significant differences amongst disturbance 

categories were found for three taxonomic groups: Odonata, Coleoptera and Hemiptera.  

Odonata and Coleoptera abundance was greatest in the heavily disturbed wetlands with statistical 

differences found between the low and high   (p = 0.005; p = 0.021) and the moderate and high 

(p = 0.004; p = 0.049) disturbance classes. Hemiptera was also most numerous in the high 

disturbance group but significant differences were only found between moderately and heavily  

(p = 0.027) grazed wetlands. 

 



Discussion 

As with the 2007 results, the 2008 analyses do not show a decreased aquatic invertebrate 

community as a result of heavy cattle disturbance.  The opposite appears true with greatest 

invertebrate diversity found in highly disturbed wetlands.  This trend does not appear to be 

influenced by wetland class or at least is not different between class 4 and 5 wetlands. 

The expectation that Odonata densities would decrease with increased disturbance was 

observed again this year but only with the spring data.  Summer sweep samples showed the 

opposite trend and we are currently investigating reasons for these unexpected results. 

Coleoptera and Hemiptera, were both most numerous in the heavily disturbed wetlands 

during the summer.  Both taxa are capable of flight and are known to move from wetland to 

wetland. We speculate that the higher Coleoptera and Hemiptera densities are a result of the 

abundant food resources available in wetlands with greater disturbance. 

The effects of cattle disturbance on the aquatic invertebrate community may not be 

accurately portrayed by the 2008 results due to the taxonomic levels examined, the disturbance 

intensity measurements and the response variable used in the analyses.  All analyses were 

performed on taxa at the coarse level of order, class or family.  Further identification to the genus 

or species level may be more successful at detecting small differences between disturbance 

categories.  The disturbance categories used were determined by examining the wetmeadow zone 

for measures of disturbance.  These measures may not be suitable for comparing aquatic habitats 

and other possible in-wetland measures of disturbance are currently being explored.  Currently, 

only invertebrate abundance has been examined as an indicator of disturbance.  Once biomass 

has been determined, all data collected and measured can be used to perform multivariate 

analyses.  These analyses will allow a more thorough examination of the relationship between 

cattle disturbance and the aquatic invertebrate communities in British Columbia’s southern 

interior wetlands. 
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Table 9. Differences in mean invertebrate abundance (for the most dominant taxa) and total 

mean abundance of organisms per m³ in wetlands with low, moderate and high cattle disturbance 

during sweep sampling in spring (a) and summer (b), 2008. Values in parentheses indicate 

standard error.  Bolded rows indicate taxa with significant differences amongst disturbance 

levels. Columns sharing the same letter are not significantly different at p<0.05. 

 

a) 

 

 
Class/Order/Family 

Cattle Disturbance 

Low Moderate High 

Diptera 3.97 (1.43) 1.19 (0.373) 0.336 (0.123) 

Chironomidae 3.25 (1.39) 0.910 (0.379) 0.128 (0.040) 

Odonata 1.28 (0.268) a 0.232 (0.073) b 0.063 (0.040) b 

Coleoptera 0.139 (0.029) a 0.079 (0.025) ab 0.024 (0.010) b 

Gastropoda 0.333 (0.253) 0.112 (0.088) 0.088 (0.064) 

Hemiptera 0.174 (0.58) 0.043 (0.163) 0.069 (0.041) 

Ostracoda 1.85 (0.729) 2.25 (0.899) 1.18 (0.496) 

Oligochaeta 1.12 (0.627) 0.072 (0.034) 0.010 (0.302) 

Total Abundance 9.26 (2.39)  4.86 (1.37)  1.92 (0.660)  

 

 

b) 

 

Class/Order/Family 

Cattle Disturbance 

Low Moderate High 

Diptera 7.47 (3.13) 1.21 (0.285) 10.53 (9.10) 

Chironomidae 6.42 (2.60) 0.922 (0.240) 10.38 (9.02) 

Odonata 0.266 (0.065) a 0.067 (0.019) a 1.34 (0.673) b 

Coleoptera 0.064 (0.020) a 0.063 (0.030) a 0.258 (0.126) b 

Gastropoda 0.083 (0.052) 0.060 (0.036) 0.256 (0.174) 

Hemiptera 0.061 (0.016) ab 0.012 (0.006) a 0.191 (0.113) b 

Ostracoda 0.710 (0.274) 0.187 (0.108) 0.438 (0.315) 

Oligochaeta 0.096 (0.051) 0.256 (0.110) 0.002 (0.002) 

Total Abundance 8.88 (3.28) 1.93 (0.250) 14.79 (11.15) 

 

 

 

 

 

 

 

 

 

 

 

 



Table 10. Differences in mean invertebrate abundance (for the most dominant taxa) and total 

mean abundance of organisms per m³ in wetlands with low, moderate and high cattle disturbance 

during core sampling in spring, 2008. Values in parentheses indicate standard error.  Bolded 

rows indicate taxa with significant differences amongst disturbance levels. Columns sharing the 

same letter are not significantly different at p<0.05. 

 

 

Class/Order/Family 

Cattle Disturbance 

Low Moderate High 

Diptera 2.36 (0.446) 1.99 (0.298) 1.36 (0.298) 

Chironomidae 1.88 (0.423) 1.19 (0.241) 1.00 (0.323) 

Odonata 0.241 (0.058) a 0.008 (0.008) b 0.010 (0.010) b 

Coleoptera 0.062 (0.023) 0.041 (0.020) 0 

Gastropoda 0.589 (0.262) 2.05 (0.995) 5.13 (3.68) 

Hemiptera 0.010 (0.010) 0 0.072 (0.051) 

Ostracoda 3.46 (1.02) 2.37 (0.602) 1.64 (0.381) 

Oligochaeta 0.697 (0.245) 1.26 (0.435) 1.45 (0.326) 

Total Abundance 9.42 (1.79) 8.79 (1.14) 10.44 (3.72) 
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Figure 2. Shannon-Weiner diversity index (H’) values for 2008 spring sweep, spring core and 

summer sweep samples in wetlands with low, moderate and high cattle disturbance. For summer 

sweeps, bars sharing the same letter are not significantly different at p < 0.05.  Error bars 

represent standard error. 
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