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Executive Summary 
 

In the summer of 2008 Association for Canadian Educational Resources (ACER) initiated the 

Humber Youth Stewardship project (HYS) to maintain and enhance natural areas in the 

Humber River Valley. This project was developed as a monitoring project in adjacent ponds. 

In April 2010, the Riparian Zone Protocol was researched and published by an ACER intern 

from University of Waterloo. The research led to an assessment for the aquatic habitat of the 

Dunington-Grubb Garden ponds and the Garfield Valley pond within Humber Arboretum 

using benthic macro invertebrates. 

 

The project was undertaken from the middle of July 2010. Field work in the four ponds within 

Humber Arboretum was finished by the end of August 2010.  

 

Results show that the water quality of the ponds is fairly good, but more attention should be 

paid to organic pollutions and snow-melting salts. The changes of vegetation components on 

the bank were proven to have less impact than expected. The run off from parking lot has a 

higher impact for the aquatic ecosystem due to cumulative effects.  The weather could be a 

factor that minimized some of these disturbances, since it was a relatively dry season during 

the sampling period. 

 

Another discovery from this project is that although the three ponds within Dunington-Grubb 

Garden ponds are self sustaining by recycled water that flows from one pond into the next, the 

diversity of the benthic community changes along the variety of the riparian zone. Higher 

diversity on riparian zone reflects more complexity and higher density of the benthic 

communities. 

 

In order to better maintain the healthy of the ecosystem within Humber Arboretum, especially 

the aquatic inhabitant, a more intense and long term monitoring program is recommended for 

a better understanding of the ecosystem within this region.  
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Introduction  
 
The community structure of freshwater organisms is widely used for biomonitoring. The 

earliest application can be traced back to the pioneering work of two German scientists 

R.Kolkwits and M.Marsson, in the early 1900s. Their publication on saprobity (degree of 

pollution) led to the development of indicator organisms. Among a wide variety of biotic 

groups which are used for biomonitoring, macroinvertebrates are the most popular one. This 

conclusion is released from a series review of databases 

from 1993 to July 1998 carried out by Vincent Resh and 

Norma Kobzina at the University of California and 

University of Berkeley. 

 

Freshwater benthic macroinvertebrate communities are 

composed primarily of insect larvae, molluscs and worms. They integrate variation of water 

quality in a particular location. As the essential link in the aquatic food web, benthos provides 

food for fish and consuming algae and aquatic vegetation. A variety of environmental factors 

such as habitat characteristics (e.g. Hynes, 1970; Peeters & Gardeniers, 1998), water quality 

(e.g. Hellawell, 1986), sediment quality (e.g. Reynoldson et al., 1996; Chapman et al., 1997), 

sediment grain size (e.g. Tolkamp, 1980), contaminants (e.g. Clements & Kiffney, 1993; 

Phipps et al., 1995) affect the presence and distribution of aquatic macroinvertebrate species 

and communities. Biological factors such as competition and predation (e.g. Kohler, 1992; 

Mackay, 1992; Macneil et al., 1999) have impact on the communities as well. The sensitive 

levels of benthic macroinvertebrates species to those biotic and abiotic factors in their 

environment are various. Consequently, macroinvertebrate community structure has 

commonly been used as an indicator of the condition of an aquatic system (Armitage et al., 

1983; Rosenberg and Resh, 1993). 

 

Using benthic macroinvertebrates as bioindicator has been proved effective in current 

practices due to the following characteristics: 

1) Ubiquitous, so they are affected by perturbations in many habitats; 

2) Species rich, so the large number of species produces a range of responses; 
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3) Sedentary, so they stay put, which allows determination of spatial extent of a 

perturbation; 

4) Long-lived, which allows temporal changes in abundance and age structure to be 

followed; 

5) Integrate conditions temporally, so like any biotic group, they provide evidences of 

conditions over a long period of time (S. M. Mandaville, 2002). 

 

Of course, benthic macroinvertebrates are not perfect. The drawbacks of using them as 

indicators include, for instance, they do not respond to all impacts; the distribution and 

abundance may be affected by factors in addition to the perturbation in question; and the 

distribution and abundance of macaroinvertebrates varies seasonally. However, most of those 

disadvantages can be overcome by proper experimental design. 

 

Biotic index systems have been developed which give numerical scores to specific “indicator” 

organisms at a particular taxonomic level (Aremitage et al., 1983). Presence of numerous 

families of highly tolerant organism usually indicates poor water quality (Hynes, 1998). 

 

In this assessment we have tried to address the ecological concern for the pond not by 

ignoring physical and chemical measurements, but by shifting the focus to direct 

measurements of benthic macroinvertebrates themselves. In this assessment, ecological 

condition is defined by biological indicators. The biological organisms in ponds integrate 

many physical and chemical stressors and forces, including other biota, that are acting in and 

on the pond ecosystem. Ponds conditions can be determined by assessing appropriate 

biological indicators, or combinations of these indicators called indices. Information on the 

ecological condition of the pond is supplemented by measurements of other pond 

characteristics, especially those physical, chemical, or other biological factors that might 

influence or affect pond condition. These pond characteristics allow us to assess the factors 

that might have a negative effect on the ecological condition of ponds (i.e., stressors).  
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Project Description  

2.1 Objective 
 
In the summer of 2008 Association for Canadian Educational Resources (ACER) initiated the 

Humber Youth Stewardship project (HYS) with the intention to maintain and enhance natural 

areas in the Humber River Valley. This project was developed as a restoration and monitoring 

project, and the study area revisited every year since 2008. In April 2010, an ACER intern 

from University of Waterloo researched development of a Riparian Zone Protocol. This led to 

this evaluation of aquatic habitat of the artificial ponds and the Canoe pond within Humber 

Arboretum using benthic macroinvertebrates. 

The objectives of this study are to: 

a) Describe the ecological condition of the ponds within Humber Arboretum with measures of 

benthic macro-invertebrate communities. 

b) Identify and rank the relative importance of disturbances such as human activities, land use 

and changes of riparian zone components which affect the ponds condition. 

c) Establish a baseline of benthic macroinvertebrate pond communities within Humber 

Arboretum, so that future monitoring programs and assessments will be ecologically and 

statistically comparable. 

2.2 Hypothesis 
 
The primary hypothesis is that the main disturbances of aquatic habitat for benthic 

macroinvertebrates in the ponds are: 1) changes of riparian zone components result from the 

removal of invasive plant species in the riparian zones; 2) human activities from the 

recreation trial along the bank; 3) run off from the parking lots enter the pond through 

drainage pipes. These stressors may lead to the absence of some intolerant benthic 

macroinvertebrates in the ponds. The health of the ponds ecosystem will be impaired.  
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2.3 Previous Study 

2.3.1Riparian Zone 
The interfaces between terrestrial and aquatic ecosystems are called riparian zones. Previous 

studies have indicated that their prominent location which is within the landscape and the 

intricate linkages between terrestrial and aquatic ecosystems significantly benefits both types 

of ecosystems. Fluxes of water, air masses, dissolved and particulate matter, and organisms 

across a landscape are channelled into and along valley floors. Interactions between different 

types of ecosystems include modification of microclimate (e.g., light, temperature, and 

humidity), alteration of nutrient inputs from hill slopes, contribution of organic matter to 

streams and floodplains and retention of inputs (Stanley V. Gregory et al, 1991). 

 

The interactions between riparian zone and aquatic ecosystem mainly focus on the following 

perspectives: 

 

1) Solar radiation 

Solar radiation passing through the riparian canopy adjacent to aquatic ecosystem reflects on 

the quantity and quality of the primary products. Aquatic primary producers was affected by 

degree of shading of aquatic ecosystem which reflects the functional structure and 

composition of the riparian vegetation. Dense, low, overhanging canopies greatly reduce light 

intensity at the water’s surface, but high, relatively open canopies allow greater amounts of 

light to reach the stream (Stanley V. Gregory et al, 1991). 

 

Solar radiation striking the water’s surface also contributes energy in the form of heat. 

Riparian vegetation plays a major role in modifying solar inputs and influencing temperatures 

of aquatic ecosystem (Barton et al.1985). Density of the riparian canopy is one of the most 

critical factors in determining the heat input in a given aquatic ecosystem. 

 

2) Dissolved nutrient inputs 

Aquatic ecosystems receive dissolved nutrients which are transported from terrestrial 

ecosystems primarily in the form of material in groundwater. Soil solution is intercepted by 

riparian zones as it passes through before entering the aquatic ecosystem. Riparian plant 
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communities also deliver seasonal pulse of dissolved leachates derived from terrestrial litter 

into the system (Fisher and Likens 1973). As a result, the nutrient export from watersheds 

may be significantly modified by riparian zones in various aspects (amount, form and timing).  

 

3) Particulate terrestrial inputs 

Riparian plant communities are great food resources for both aquatic and terrestrial 

consumers. Much of the food base for aquatic ecosystems is derived from adjacent terrestrial 

ecosystems (Stanley V. Gregory et al, 1991). For example, a previous study showed that in 

Bear Brook, New Hampshire, more than 98% of the organic matter was supplied by the 

surrounding forest (Fisher and Likens 1973). Another study in Kansas showed that gallery 

forests along a prairie stream contribute greater quantities of organic matter than do the 

grasslands in up-stream reaches (Gurtz et al.1988). 

 

4) Retention 

Riparian vegetation and aquatic biota are linked functionally through processes of retention. 

Organic material and inorganic sediment must be retained within an aquatic ecosystem to 

serve as either nutritional resources or habitats for most aquatic organisms. Boulders, logs and 

branches trap material in transport and low-velocity zones of a stream are depositional area 

where particles drop out of suspension. These features of channel complexity also slow the 

transport of water and dissolved solutes increasing the potential for biological uptake or 

physical adsorption of dissolved materials. 

 

5) Primary producers 

Primary production of lotic ecosystems is strongly influenced by riparian zones through 

attenuation of light energy (Minshall 1978). The successional stage of riparian plant 

communities also determines the amount of light energy available for photosynthesis (Bott et 

al.1985, Naiman 1983). 

 

6) Aquatic invertebrates 

Influences of streamside vegetation on allochthonous and autochthonous food resources for 

aquatic invertebrates are potentially reflected in the trophic structure of invertebrate 
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assemblages and relative composition of feeding functional group (i.e., classification based on 

method of food acquisition). These links may be manifested in various aspects, such as 

growth rates, abundance and community structure of macroinvertebrate consumers (Stanley V. 

Gregory et al, 1991).  

 

Abundance and composition of detritivore assemblages in aquatic ecosystem are determined 

in large part by plant composition of riparian zones (Vannote et al.1980). Woody debris from 

riparian zones provides important invertebrate habitat (Anderson and Sedell 1979), and 

strongly influences the formation of pools and lateral habitats. In sand-dominated aquatic 

ecosystems, woody debris serves as the major substrate for invertebrate assemblages (Wallace 

and Benke 1984). In addition, wood is directly consumed by a few specialized aquatic insects 

and it provides an abundant but low-quality source of organic matter for other detritivores. 

 
Riparian zones contain valuable water resources, plant communities, fisheries and wildlife. 

They are one of the most dynamic portions of the landscape (Swanson et al 1988). 

2.4 Description of study sites 
 
The Humber Arboretum’s main entrance is located off Humber College Boulevard, between 

Finch Avenue and Highway 27. It began in 1977 as a non-profit joint venture by the City of 

Toronto, Humber College and the Toronto Region and Conservation Authority. Its main goal 

is to preserve nature and promote biological health that is a vital part for its continuity within 

Toronto (Randy A. M. Lucko, 2005).The maintained property covers area approximately 200 

acres. 

 
Figure 1 Humber Arboretum Ponds 
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Figure 1 shows the location of the 4 ponds on the grounds of Humber Arboretum. 

This consists of  

• Dunington-Grubb Gardens ponds (Pond 1, Pond 2, Pond 3) 

• Garfield pond (Canoe Pond) 

In this study the Dunington-Grubb Garden ponds (freshwater ponds) and Garfield pond 

(Canoe Pond or saltwater pond) were selected for testing and analysis.  

2.4.1 Topography (Randy. A. M. Lucko, 2005) 
The Humber Arboretum consists of forested area, meadows and seasonal wetlands. The 

general condition of the soil within the Arboretum jurisdiction is naturally alkaline and acts as 

a buffer for the vegetation. Local vegetation tends to make the soil acidic. 

 

Dunington-Grubb Gardens 

The Dunington- Grubb Gardens consist largely 

of flowerbeds, grass fields, coniferous and 

deciduous trees, and three large ponds. 

Although it is only a small area located within 

the Arboretum, it is constantly maintained due 

to the importance of the flowerbeds within this 

area. There are three ponds located within the 

Dunington-Grubb Garden area that are self 

sustaining by recycled water that flows from one pond into the next. 

The flowerbeds themselves consist of various forms of ericaceous plant life that either is left 

all year long, or are planted once a year and then removed. 

 

Garfield Valley pond  

The Canoe or Garfield Valley pond is adjacent 

to Humber College North Campus, near Finch 

Avenue and Highway 27. It feeds the West 

Humber River in this area. During summer time, 

the pond is mainly used for recreation such as 
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canoeing, fishing. The pond is surrounded by gravel road. Most of vegetation zone around the 

pond is shrubs and grass. Maple trees and spruces along the bank provide shade for some of 

our study sites. The area is also one of the project sites for Humber Youth Stewardship. 

Invasive plant species such as dog strangling vine (DSV), honeysuckle and Canada thistle 

were removed every year, native tree species are planted in order to maintain the diversity 

community of native plants in Humber River region.   

2.5 Field and Laboratory 
 
The protocol used is Ontario Stream Assessment Protocol (OSAP) which was developed by 

Stanfield in 2005 and is widely used by various agencies, such as Toronto and Region 

Conservation Authority (TRCA) and Ontario Ministry of Natural Resources (MNR). The 

OSAP method involves sampling benthos with a D-framed net (500-µm mesh). According to 

the various sites conditions and other limitations the sampling method was adjusted at some 

of our sites. 100-bug-count was used as recommended in OSAP practice for the samples from 

the Dunington-Grubb Garden ponds. During the late summer pre-sampling period, found that 

it was really difficult to find 100 bugs at the sites in Garfield pond. Therefore, in this study 

bug count was reduced to 50 for each site in Garfield pond. The benthic samples taking from 

ponds are identified on site.  

 

Chemical and physical parameters such as dissolve oxygen, conductivity, pH, and 

temperature are measured on site using YSI 650 Multiparameter Display System. 100ml water 

sample for each site was taken to the laboratory in University of Toronto Scarborough (UTSC) 

for analysis nitrite, nitrate and phosphate concentrations.  

 

There were 19 sample sites used in Dunington-Grubb Garden ponds and Garfield pond. The 

three ponds within Dunington-Grubb Garden were numbered as P1 (4 sites), P2 (1 site, due to 

construction of the small bridge), P3 (4 sites) starting from the one which is close to Nature 

Center. The Garfield pond was numbered as CP (9 sites in total) which is short for Canoe 

pond. 
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2.6 Data Analysis 
There are mainly four indices calculated for the quantitative analysis of samples (Kirsch, 1999; 

Mandaville, 1999). These four indices are selected base on the communalities in agency 

biomonitoring programs. 

They are: 

1) Simpson’s Diversity Index: diversity within the benthic macroinvertebrate 

community was described using the Simpson’s diversity index (D) (see formula on 

Appendix B). 

2) Shannon-Wiener Diversity Index (H): commonly used to calculate aquatic and 

terrestrial biodiversity (see formula on Appendix B). 

3) Modified Hilsenhoff Biotic Index: was originally developed by Hilsenhoff (1982) 

and further developed by the State of New York to include other macroinvertebrates 

for the Rapid Bioassessment (Plafkin et al, 1989; Bode et al., 1991). The tolerance 

values have been specific to family-level. (See Appendix A for formula). 

4) EPT Index: the Ephemeroptera, Plecoptera and Trichoptera (EPT) index displays the 

taxa richness within the insect group which are considered to be sensitive to pollution. 

The EPT index is equal to the total number of families represented within there three 

orders in the sample 
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Project Results 

3.1 Temperature 

 
Figure 2 shows a similarity in temperatures among the 19 sites, except for three sites from 

Pond 3 of Dunington-Grubb Garden, which had lower temperatures all the time during our 

sampling period. The vegetation zone of this site has higher diversity than others. The canopy 

of the willow tree provides shade for the site. The high density of riparian canopy reduces the 

solar radiation striking the water’s surface, at the same time lowering the energy contribution 

in the form of heat. The reduction of solar radiation affects the food resources of benthic 

community by lower the primary productivity of the ecosystem. The temperature of the 

aquatic ecosystem was influenced due to less energy contributed in the form of heat. That 

riparian vegetation plays a major role in modifying solar inputs and influencing temperatures 

of aquatic ecosystem is well demonstrated in the results. (Barton et al.1985).  
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3.2 Electrical Conductivity (EC) 
 

 
Electrical conductivity (EC) could be used to estimate the total amount of total dissolved salts 

(TDS), or the total amount of dissolved ions in the water. The basic unit of conductance is the 

siemen (S), formerly called the mho. Standardized measurements are expressed in specific 

conductivity units Siemen/meter (S/m). Due to the differences between diverse conductivity 

ranges, other units are used as well, e.g. µs/cm or ms/cm. The relationship between them  

1µs/cm = 0.001ms/cm = 0.000001S/cm = 1µmho/cm 

A variety of sources of pollutants may increase EC, such as wastewater from sewage 

treatment plants (point source pollutants), urban runoff from roads, agricultural runoff, and 

atmospheric inputs of ions and so on. Among those factors, urban run off is the most 
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concerned for our sites. This source has a particularly episodic nature with pulsed inputs when 

it rains or during more prolonged snowmelt period. It may “shock” organisms with 

intermittent extreme concentrations of pollutants which seem low when averaged over a week 

or month.  

 

The highest conductivity for the Garfield Valley pond site #9 (CP9) is 243% higher than the 

lowest conductivity value for Dunington-Grubb Gardens Pond 3 site D (P3D). The 

conductivities between different sites in the same pond only have a minor difference up to 

0.14 ms/cm despite the density of biodiversity differences on the vegetation zones. The 

conductivity declined through the first pond to the third pond within Dunington-Grubb 

Gardens. The reason of the decline may attribute to the higher density of aquatic plants within 

the third pond or the effects of various sediments while the water goes through one after 

another.  

 

There is no extremely unacceptable value for this parameter, although urban run off from the 

road, especially for snowmelt salts during the winter was the most concerned. Since the field 

work was done in the summer with less rainfall, the results are predictable A more intense and 

long term monitor program is suggested to determine the fact that whether the ponds will be 

seriously affected by the spring run off after winter salting of the parking lots. 
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3.3 Total Dissolved Solid (TDS) 

 
Total Dissolved Solid (TDS) levels of all sites were stable through a period of time. 

According to the TDS level above, we could say that the point source pollution has fewer 

impacts on the water quality of the ponds during our sampling period. Another factor for the 

stability of the TDS level could be the relatively dry season during our field work. One of our 

original environmental concerns for Garfield Valley pond was the run off from the parking lot 

upslope. Without heavy rainfall, there will be less run off from the parking lot that could 

dramatically affect the TDS level of the sites.  
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3.4 Salinity   

 
Salinity (SAL) is the saltiness or dissolved salt content of a body of water. It is general used to 

describe the level of different salts such as sodium chloride, magnesium and calcium 

sulphates and bicarbonates. It is an ecological factor of considerable importance which 

influences the types of organisms that live in an aquatic ecosystem. Salinity also influences 

the kinds of plants that grow either in a water body or on land fed by water. When doing the 

measurement for salinity of water, the amount (by weight) of dissolved salt in the water will 

be measured. It can be expressed in parts per million (ppm) or percentage. Normally, salinity 

for fresh water should be less than 1000 ppm which is about 0.1% salt. Salinity as percentage 

for slightly saline water, moderately saline water and highly salinity water are 0.1%-0.3%, 

0.3%-1% and 1%-3.5%.   
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The results show that Pond 1 and Canoe Pond are considered as moderately saline, Pond 2 

and Pond 3 are considered as slightly saline, according to the standard above. The high 

salinity of both Pond 1 and Canoe Pond could be explained as accumulative effects from 

winter, when people use salts mix for snow-melting quite often for roads around the ponds.  

Since the samples were taken in August, the mixture which people used for melting snow in 

parking lot during the winter could be reduced through various retention processes, such as 

biological uptake and physical adsorption through a period of time. The field work was 

performed during a relatively dry season, so there was less run off from the parking lot than it 

was during the winter and spring.  The salinity values would probably be even higher during 

the winter and spring time. The change of salinity of the aquatic ecosystem for most aquatic 

organisms would lead to some severe damages as those aquatic organisms have a limited 

ability to regulate their osmotic balance and therefore can only live within a narrow range of 

salinity.  

 

The difference between the Dunington-Grubb Garden ponds (freshwater ponds) and Garfield 

Valley pond (saltwater pond) is noticeable.  Salinity level of the saltwater pond is about 240% 

higher of freshwater ponds. The reason could be the accumulative effect of the run off from 

the parking lot and the drainage pipe which connected to the saltwater pond since the location 

of the saltwater pond is closer to the parking lot.   
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3.5 Dissolve Oxygen (DO) 

 
Compared to other chemical and physical parameters, Dissolved Oxygen (DO) level displays 

various from site to site which related not only to change the benthic community activities, 

but also to the changes in vegetative cover. The higher diversity of plants in vegetation zone, 

the higher level of DO will be. This is partly because of the photosynthesis by plants on the 

bank or in the water. The oxygen absorbed by the water and will increase the DO level for the 

site. Another explanation could be collaboration between the benthic community and plants.  
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3.6  pH 

The pH values for the ponds are between 7 to 9. The Canoe Pond has a higher average than 

that of Dunington-Grubb Gardens ponds. It is probably because that the Dunington-Grubb 

Gardens ponds were traditionally filled with tap water during the dry season to keep the water 

at a certain level. A neutral aquatic environment sustained a high diversity of aquatic 

communities. 
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3.7 Nutrient  

 
The lowest level of nutrient is nitrite. Nitrate has the highest level among these three 

parameters (Nitrite, Nitrate and Phosphate). The concentration for phosphate fluctuates from 

site to site. Nitrate level shows stability in Canoe Pond and fluctuates in Dunington-Grubb 

Gardens ponds. The second site of Pond 3 has the lowest nitrate value. Different types and 

density of plants from vegetation zones and aquatic ecosystems along the ponds affect the 

nutrient uptake and further influenced the nutrient level of aquatic ecosystem.  
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3.8 Benthic Indices  
Table 1. Feeding Measures of Freshwater ponds and Saltwater pond samples 

 % of 
Scrapers 

%of 
Filterers/Collectors 

% of 
Predators 

% of 
Shredders 

% of 
Collectors/Gatherers 

P1A 5 3 17 2 68 
P1B 8 6 24 3 54 
P1C 2 0 11 3 81 
P1D 3 14 25 5 41 
P2A 6 6 41 2 30 
P3A 12 0 27 3 48 
P3B 6 0 42 0 44 
P3C 13 0 22 0 63 
P3D 10 0 41 0 56 
CP1 0 0 38 0 36 
CP2 8 0 44 0 11 
CP3 0 0 22 30 28 
CP4 0 0 54 0 32 
CP5 4 0 14 0 78 
CP6 0 0 48 4 36 
CP7 0 0 18 60 12 
CP8 0 0 62 16 12 
CP9 0 0 52 0 34 

 
Table 1 shows that the dominant species within the ponds falls in the categories of Predators 

and Collectors/ Gatherers. Low diversity of the vegetation cover around the ponds may 

attribute to the unbalanced benthic communities, since most of the areas around the ponds are 

meadow or mown grass. Another reason could be the sediment types, since they are basically 

sand, clay and big rocks. Primary producers which provide food for certain components 

within the community are not abundant.  The result may also be influenced by some other 

factors, such as the depth of sampling, temperature. 
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Table 2. Diversity Measures Freshwater and Saltwater samples 
 

Site No. Simpson’s Index D Shannon-Weaver Index H 

P1A -2.85 5.46 
P1B -2.61 11.92 
P1C -2.55 3.46 
P1D -3.82 5.26 
P2A -3.29 4.11 
P3A -5.08 4.54 
P3B -3.15 3.44 
P3C -1.99 4.63 
P3D -3.68 3.16 
CP1 -1.16 4.32 
CP2 -3.64 3.08 
CP3 -4.38 1.50 
CP4 -2.30 3.91 
CP5 -3.06 1.91 
CP6 -3.56 3.43 
CP7 -2.13 1.81 
CP8 -2.95 2.35 
CP9 -2.37 1.64 

 
Table 2 illustrates the speceies diversity using Simpson’s Index D and Shannon-Weaver Index 

H. They are used for evaluating the biodiversity of the benthic communities. A higher index 

indicates a higher biodiversity which leads to a healthy ecosystem.The trend of our result 

using these two indices is similar. Sites that have a higher density of vegetation cover show a 

higher indices value.  The conclusion is proved when compared with the results from Table 1. 
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Table 3. Composition Measures Results for Freshwater ponds and Saltwater pond  
 

Site No. %EPT %Ephemeroptera %Plecoptera %Tricoptera %Diptera 
P1A 30 30 0 0 5 
P1B 24 24 0 0 5 
P1C 41 41 0 0 0 
P1D 11 11 0 0 14 
P2A 13 13 0 0 15 
P3A 44 37 0 7 4 
P3B 13 13 0 0 8 
P3C 43 43 0 0 4 
P3D 32 32 0 0 3 
CP1 22 22 0 0 14 
CP2 12 6 0 6 20 
CP3 40 22 0 18 2 
CP4 38 24 0 14 6 
CP5 78 78 0 0 4 
CP6 62 32 0 30 6 
CP7 0 0 0 0 10 
CP8 4 4 0 0 10 
CP9 30 22 0 8 14 

 

Table 3 is the composition measures results for some sensitive taxa. The Ephemeroptera has 

the highest percentage in our sites, and this species has a lower tolerance score for 

contaminants than the other two. The presence of these less tolerant species indicates fewer 

pollutants in the aquatic ecosystem which is a good sign of water quality. 
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Table 4. Richness Measures of Freshwater ponds and Saltwater pond 
 

Site No. Total No. 
of taxa 

No. of 
EPT 
taxa 

No. of 
Ephemeroptera 

taxa 

No. of 
Plecoptera 

taxa 

No. of 
Tricoptera 

taxa 

No. of 
Diptera 

taxa 
P1A 8 30 30 0 0 5 
P1B 9 24 24 0 0 5 
P1C 8 41 41 0 0 0 
P1D 8 11 11 0 0 14 
P2A 8 13 13 0 0 15 
P3A 9 44 37 0 7 4 
P3B 8 13 13 0 0 8 
P3C 7 43 43 0 0 4 
P3D 8 32 32 0 0 3 
CP1 6 11 11 0 0 7 
CP2 8 6 3 0 3 10 
CP3 7 20 11 0 9 1 
CP4 6 19 12 0 7 3 
CP5 5 39 39 0 0 2 
CP6 6 31 16 0 15 3 
CP7 4 0 0 0 0 5 
CP8 6 2 2 0 0 5 
CP9 6 15 11 0 4 7 

 
Table 4 is the richness of some of the sensitive species in the water. It reflects a comparable 

result as we got from the Table 3 in a more direct way. Ephemeroptera is certainly the 

dominant species within the ecosystem. Dunington-Grubb Gardens ponds shows more 

varieties on No. of taxa than that of Garfield Valley pond. The vegetation diversity of riparian 

zones could be the main factor which causes the differences. 
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Table 5. Modified Hilsenhoff Biotic Index 

 
Site NO. MFBI 

P1A 5.46 
P1B 5.60 
P1C 4.60 
P1D 5.92 
P2A 5.79 
P3A 4.96 
P3B 6.05 
P3C 5.03 
P3D 5.37 
CP1 4.80 
CP2 5.40 
CP3 4.11 
CP4 4.04 
CP5 4.71 
CP6 4.07 
CP7 5.58 
CP8 4.90 
CP9 4.25 

 
The values between 4.50 to 6.50 are considered as good to fairly good water quality with 

some organic pollution. In that case, our sites fall in these two categories which is a good sign. 

But more attention should be paid to organic source. Some of them might come from excretes 

of Canadian goose which like to stay under the canopy on the bank.  
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Conclusions 
 

The objectives of this research are to 1) Describe the ecological condition of the ponds within 

Humber Arboretum with measures of benthic macroinvertebrate communities; 2) Evaluate 

water quality of the ponds by using benthic indicators;3) Identify and rank the relative 

importance of disturbances from human activities and changes of riparian zone components 

affecting pond condition; 4) establish a baseline of benthic macroinvertebrate communities of 

the ponds related to their riparian zone, so that future monitoring programs and assessments 

will be ecologically and statistically comparable.  

 

Results from this study shows that the ponds are in a fairly good condition. The original 

concerns for the ponds are run off from the parking lot, human activities along the bank and 

also change riparian vegetation due to removal of invasive species. Canoe Pond and Pond 1 

have been considered as moderately saline, even though it was a relatively dry season during 

the sampling period. The effect of run off could be worse, especially during winter and spring. 

The vegetation on the slope between the parking lot and the Garfield Valley pond could be 

one of the factors which lower the salinity level.  The soil and plants may absorb a lot of the 

runoff before it actually comes into the pond.  The disturbance from human activities such as 

canoeing mainly in the summer, consider the short period, a long-term monitoring should be 

developed in order to find out on what level it impacts the water quality and benthic 

communities.  

 

Finally, according the results found through this project, a more intensive long term 

monitoring program should be developed in order to better under standing the level of the 

disturbances noted.  

 
Clearly, the vegetation around the aquatic habitant in the riparian zone affect the benthos. 
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Recommendation 
 
As noticed from the results, a higher diversity of the vegetation cover could benefit not only 

the aquatic communities, but also enhance the stability of the riparian zone. The uptake of the 

plants from the riparian zone will also reduce the run off. The health for those ponds should 

take the variety of the vegetation cover into consideration.   

 

Relatively high salinity value is also a potential problem that would result in a loss of 

diversity for aquatic organism, which consequently led to a vulnerable ecosystem. An 

alternative way of snow/ice-melting and caution with respect to the amount of salts used for 

snow-melting is necessary. 
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Glossary of Terms 
 

Allochthonous: produced outside the stream ecosystem 
 

Autochthonous: produced within the stream ecosystem 
 
Benthic Macroinvertebate: bottom dwelling aquatic organisms, without a backbone, which 
can be seen with the naked eye 
 
Detritivore: organism that feeds on detritus, an organism that feeds on decaying animal or 
plant material 
 
Ericaceous: a group of evergreen bushes and small trees that includes the heath, heather, 
blueberry, rhododendron, azalea, and arbutus 
 
Lotic: living in swift-flowing water: describes ecological communities that live in a swift-
flowing water 
 
Perturbation: disturbance caused by secondary influence 
 
Saprobity: the degree to which the decomposition of organic material is occurring in an 
aquatic environment 
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Appendices A 
 

Modified Hilsenhoff Biotic Index (Plafkin et al., 1989): 

(based on species level identification of most taxa) 

This index has only been evaluated for organic pollutants. The formula for calculating the 

Biotic Index is: 

n
tx

BI ii∑=  

Where  

ix = number of individuals within a species 

it = tolerance value of a species 

n= total number of organisms in the sample (100) 

 
The following table is a modified Hilsenhoff Biotic Index 
 

Biotic Index Water Quality Degree of Organic 
Pollution  

0.00-3.50 Excellent  No apparent organic 
pollution  

3.51-4.50 Very good Possible slight organic 
pollution  

4.51-5.50 Good  Some organic pollution  
5.51-6.50 Fair  Fairly significant organic 

pollution 
6.51-7.50 Fairly Poor Significant organic 

pollution  
7.51-8.50 Poor Very significant organic 

pollution  
8.51-10.00 Very Poor Severe organic pollution  
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Appendices B 
 
1) Simpson’s Diversity Index (D) 

Diversity within the benthic macroinvertebrate community was described using the Simpson’s 

diversity index (D) which was calculated as:  

2

1
)(1 ∑

=

−=
s

i
ipD

 

Where “ ip ” is the proportion of individuals in the “i th ” taxon of the community and “s” is the 

total number of taxa in the community. This index places relatively little weight on rare 

species and more weight on common species (Krebs, 1994). Its values range from 0, 

indicating a low level of diversity to a maximum of 1-1/s. 

 
2) Shannon-Wiener Diversity Index (H) 

Used by the Gerristen et al (1998), the Shannon-Wiener Diversity index (H) is commonly 

used to calculate aquatic and terrestrial biodiversity. This index was calculated as: 

))(log( 2
1

i

s

i
i ppH ∑

=

=
 

Where “ ip ” is the proportion of individuals in the “i th ” taxon of the community and “s” is the 

total number of taxa in the community. As the number and distribution of taxa (biotic 

diversity) within the community increase, so does the value of “H” (Gerritsen et al., 1998). 

 

3) EPT Index 

The Ephemeroptera, Plecoptera, and Trichoptera (EPT) index displays the taxa richness 

within the insect group which are considered to be sensitive to pollution, and therefore should 

increase with increasing water quality. Initially developed for species-level identifications, 

this index is valid for use at the family-level (Plafkin et al., 1989). The EPT index is equal to 

the total number of families represented within there three orders in the sample. 
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Appendices C 
 

Benthic Macroinvertebrates Found in Ponds 
 

Ephemeroptera (Mayflies) 
 

     
 

 
 

Zygoptera (Damselflies) 
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Zygoptera (Damselflies) 
 

         
 

Anisoptera (Dragonflies) 
 

     
 

 
 
 
 
 

 



Freshwater Benthic Project 2010                                                                                      41 

Trichoptera (Caddisflies)                  Amphipoda (Scuds) 
  

     
 
 
Hemiptera (Water Strider, Backswimmer, Water Boatman) 
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Phylum-Mollusca (Clams, Snails) 
 

     
 

 
 
Decapoda (Crayfish) 
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Coleoptera (Water Beetles) 
 

      
 

      
 
Tipulidae (Crane Flies)               Oligochaeta (Aquatic Earthworms) 
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Chironomidae (Midges)  
 

      
 
Nepidae (Water Scorpions) 
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