
 

 1 

 

 GREEN DRAKE PROJECT 

  REPORT FOR 2010 

  

 
 

 

 

 Henry E. Frania 

 Entomologist, Consultant 

 137 Borden St. 

 Toronto, ON M5S 2N2 

 and 

 Entomology Research Associate 

 Department of Natural History 

 Royal Ontario Museum 

 100 Queenôs Park 

 Toronto, ON M5S 2C6 

 416-586-5763 

 henryf@rom.on.ca 

 

May 18, 2011.   40 pp. 

mailto:henryf@rom.on.ca


 

 2 

TABLE OF CONTENTS 

ABSTRACTééééééééééééééé.................................................................3 

INTRODUCTION..............................................................................................................4 

OBJECTIVES FOR 2010éé...........................................................................................4 

METHODS AND RESULTS............................................................................................  8 

 Status of the Green Drake, the Brown Drake, etc. in 2010..............................8  

      Credit River..éé...................................................................................8 

 Beaver Riveré......................................................................................9 

  Rocky Saugeen River..........................................................................10 

  Nottawasaga River..............................................................................10 

  Bronte Creek........................................................................................10 

  Ganaraska River.......................................................... .......................10 

 Adsorbent Experiments ................................................................................ 10 

      More insights into the history of the decline of the Green Drake mayfly on                                                             

 the Credit River é.ééééééééé..ééééééééééééééé12 

DISCUSSION.................................................................................................................14 

SOME OBJECTIVES FOR 2011....................................................................................15 

ACKNOWLEDGEMENTS...............................................................................................16 

REFERENCES...............................................................................................................17 

APPENDICES.................................................................................................................19 

FIGURES........................................................................................................................21 



 

 3 

 ABSTRACT 

     Conditions for the Eastern Green Drake mayfly, Ephemera guttulata continued to 

improve in 2010 on the Credit River in the vicinity of the Credit Forks because first year 

larvae were found without much difficulty both on the Middle Branch around Brimstone, 

and on the West Branch between the Willoughby Weir and Stonecutterôs Dam, which is 

the first time that this has happened since the population completely collapsed on the 

Middle Branch and Main Stem in 2002/2003, and then severely declined on the West 

Branch in 2005/2006.  It is likely that the continued recovery on the Credit River is 

happening because of increased water flows during the summer on streams in south-

central Ontario over the past several years.  In contrast, circumstances for the Green 

Drake have not gotten better on the lower part of the Rocky Saugeen River since the 

population crashed there in 1999 as shown by the fact that larvae which were 

transplanted to a site near Aberdeen last summer died just as quickly as those that 

were confined in the same place in 2006.  It is believed that the difference in response 

is because the Rocky Saugeen is for most of its length a trout stream of the slow, soft 

bottom type (Ricker 1934), and so does not have the turbulent water flow that is 

characteristic of much of the Credit River, especially where the Middle and West 

Branches descend the Niagara Escarpment.  

  

     Isolation on the Credit watershed of pockets of Green Drakes on Shaws Creek 

above Alton, on Silver Creek above Georgetown, and on Beeney Creek (which flows 

into Black Creek) dates back at least 70 years, by which time the waters of Shaws 

Creek below Alton, of Silver Creek below Georgetown, and of Black Creek below Acton 

had become grossly polluted, as documented in the Credit Valley Conservation report 

for 1956.  Although the water quality of the affected parts of these creeks has improved 

markedly since the 1950's, the Green Drakes have not yet been able to move into these 

places from upstream, showing that the bottom of each creek is still contaminated in 

some way from those days. 

 

     The Middle Branch of the Credit between Orangeville and Caledon Creek had also 

become grossly polluted by the 1950's  and it is thought that continued organic pollution 

from Orangeville causes the collapse of the Green Drake population further down the 

river after a few years of low water.  The West Branch was apparently never so heavily 

polluted (at least for any length of time), and so has served both as a refuge for Green 

Drakes and a source of them for repopulating the main river after each collapse, but 

since the 1980's the quality of the West Branch has deteriorated to the point that it may 

not have them for much longer. 
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 INTRODUCTION 

     This is my fifth report since the fall of 2004 concerning the decline of the Eastern 

Green Drake mayfly on the Credit River and several other trout streams in south central 

Ontario (Fig. 1).  Persons who have been following the situation will be aware that on 

what is regarded as the Green Drake section of the Credit (Fig. 2)1,2, the population 

completely collapsed on the Middle Branch and Main Stem in 2002/2003, and then 

suffered a severe decline on the West Branch in 2005/2006, and that the problem has 

to do with the larvae. These live in rudimentary burrows in coarse, clean gravel in 

running waters ranging in size from small creeks to very large rivers, wherever the water 

is cool and relatively unpolluted, and the bedrock is limestone (Figs. 3-6).  The larva 

draws water and fine particles into the burrow by continuously undulating its abdominal 

gills and feeds upon the particles that settle out onto the floor of the burrow, in the 

manner of Ephemera danica (Figs. 3, 7; Ladle and Radke 1990).  Larvae grow to 

maturity in two to three years, molting at least 20 times, and then after one final larval 

molt in the spring of the third or fourth year, the subadults emerge over a period of 

several days in late May or early June (Figs. 8-9). 3 

 

     It was shown in 2005-2006, by means of confining larvae in test cages in the river 

bottom at places where they used to be abundant, transplanting them from locations 

where they were still common, that something was causing them to die within a few 

days, weeks, or months depending upon the locality; survival time even varied from spot 

to spot at any given site, and was least during the warmest months.  Autopsy of dying 

larvae retrieved from the test cages, or collected at large, showed that the layer of cells 

that comprise the inner lining (epithelium) of the midgut had wasted away in these 

individuals, as had the body fat and certain of the thoracic muscles (Fig. 10), but that 

they had not succumbed to one of the usual fungi, bacteria, or inclusion viruses which 

infect mayflies (e.g. Arvy and Peters 1973).  It was also observed in 2006 while 

sampling for the larvae on the West Branch between the Belfountain Dam and the 

Willoughby Weir that they were disappearing from the river in a downstream direction 

(Fig. 11). On the basis of these and some other considerations, it was proposed that 

pollution originating at the upstream ends of the West Branch and Middle Branch was 

altering the microbial balance in the stream bed in favour of a microorganism that 

produced and released a toxin to which the gut of the larvae is sensitive.  

 

 
1 See Appendix 1 for footnotes. 
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      The status of the Green Drake on the Rocky Saugeen River was also investigated in 

2006, working with Ken Robins, who had kept detailed records showing that the last 

mass emergence of the subadults on the lower part took place in 1998; it was 

established that, just as on the Credit River, the collapse on the Rocky Saugeen 

occurred because conditions had become unsuitable for the larvae (Frania 2007).  Work 

was also done in 2006 on the Boyne Branch of the Beaver River because it  was 

thought that the situation there for the larvae might be better; this was confirmed, and so 

it was a surprise to learn from local resident and fly fisher, Bud Hoffman, that for the 

previous six years or so, he had not seen any Green Drakes on the Main Stem of the 

Beaver; this was taken to mean that the population on that part of the Beaver River had 

also collapsed, which was verified in 2007 (Fig. 12).  The collapse of Green Drake 

populations on three watersheds in two different parts of south-central Ontario over a 

span of just six years indicated that these were not isolated events, but rather that the 

warm, dry weather which prevailed throughout the region from 1998 through 2006 had 

contributed to the collapses on all three rivers. 

 

      It was also observed during 2007 that healthy larvae which were transplanted to 

places where they would live for only a few days, did not sustain any noticeable damage 

to the gut or other tissues before they became moribund, indicating that the presumed 

toxin affected the larvae differently, depending upon its concentration.  Experiments 

were then begun in 2008 at such places with bentonite clay and other chemical 

adsorbents in order to find out if adding one of these substances to the gravel in the test 

cages would prolong the life of the larvae confined in the cages. Such an adsorbent 

might then be used to investigate whether the supposed toxin is the same everywhere, 

and perhaps even to isolate it.  Tests done in 2009 on the Credit River at Sligo bridge 

using bentonite clay indicated that this approach had promise. 

 

     Meanwhile, conditions for larvae on the Green Drake section of the Credit began to 

improve, one sign being that from a low in 2008, the rates at which subadults were 

observed emerging on the West Branch downstream of Stonecutterôs Dam during the 

ñhatchò of 2009 rebounded to 2005 levels (Fig. 13).  Circumstances also became better 

for larvae on the lower part of the Middle Branch in 2008 and 2009 because each year 

some that were transplanted to the vicinity of the Credit Forks lived longer and grew 

more than before (Fig. 14), although except at the top of the Main Stem, the size of the 

subadult ñhatchò remained negligible (Fig. 13), and larvae very scarce everywhere.  The 

situation also improved on the Main Stem of the Beaver River because larvae relocated 

in 2009 to below the Eugenia power station did better than larvae transplanted 
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previously.  All of these signs of recovery were attributed to a return to cooler, wetter 

weather in 2008 and 2009. 

 

      It was found out early on in the study that besides the main body of Green Drakes 

on the Credit River itself, there were also pockets of them on several of the tributaries, 

i.e. Beeney Creek, Silver Creek, Wolf Creek, and Shaws Creek (Fig. 2).  The larvae 

proved to be quite common on Beeney Creek, both downstream and upstream of  the 

railway bridge, that is until late 2007 or early 2008 when nearly all benthic organisms 

disappeared downstream of the bridge.  Most of them reappeared in 2009, but not any 

Green Drake larvae, even though they continued to be easy to find further upstream.  It 

was proposed that a noxious substance had been released into the creek in the 

immediate vicinity of the railway bridge, wiping out much of the benthic fauna 

downstream and contaminating the stream bed. 

 

       The presence of pockets of Green Drakes on tributaries in several distant parts of 

the Credit watershed (Fig. 2) indicated that they used to be much more widespread on 

the river itself (Figs. 15, 16), and additional evidence for this was gotten by examining 

museum specimens, written accounts about them on other rivers, and survey records.2  

Evidence was obtained as well that another species of Ephemera, the Brown Drake, E. 

simulans, the larvae of which are more tolerant and live in quieter waters and occupy 

substrates containing a higher proportion of fine substrate than those of the Green 

Drake (Figs. 6, 17-20; Frania 2010), also used to be widely distributed on the 

watershed, but have become confined to Shaws Creek above Alton, a short section of 

Silver Creek above Georgetown, and the Main Stem of the Credit from Terra Cotta to 

Norval (Figs. 15, 16).  Likewise, it became apparent that two other mayflies, the Gordon 

Quill, Epeorus pleuralis (Fig. 21), and the Pink Cahill, E. vitreus, which as larvae cling to 

smooth stones in riffles, and are regarded as being even more environmentally sensitive 

than the Green Drake (Griffiths 1999), both also used to occur on a considerable portion 

of the watershed, but by about the mid-1990's they had become restricted to the upper 

part of Silver Creek and vicinity, and to Shaws Creek around Alton, respectively (Figs. 

15,16, 22). 

 

     The isolation of pockets of Green Drakes on Beeney Creek, of Green Drakes and  

Brown Drakes on Silver Creek, and of Green Drakes, Brown Drakes, and Pink Cahills 

on  Shaws Creek was attributed to pollution of Black Creek below Acton, Silver Creek at 

Georgetown, and Shaws Creek downstream of Alton, that had begun some time after 

industries had been established on the watershed in these places during the mid 1800's 
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and was still a serious problem in the 1950's, after which the water quality improved 

because of pollution abatement and the closing of nearly all of the mills, tanneries, etc.  

The fact that none of the affected parts of these creeks were occupied again by any of 

these mayflies, except Shaws Creek for a short distance below Peel Rd 136 at Alton by 

the Pink Cahill (Fig. 15), was thought to show that the bottom at each place was still 

contaminated in some way.  Restriction of the Green Drake population on the Credit 

River itself to the vicinity of the Niagara Escarpment was also believed to have begun 

by the late 1800's, but details were unclear, although into 1980's they could still be 

found as far downstream as Terra Cotta (Fig. 2). 

 

     Pollution of the Credit River apparently also led to the disappearance of the Red 

Quill, Rithrogenia impersonata (Fig. 23), which has the same way of life as the Pink 

Cahill and the Gordon Quill, but is arguably even more environmentally sensitive.  It had 

been reported in the 1950's by F. P. Ide from the Credit Forks, and also the upper part 

of Sheldon Creek, a tributary of the Nottawasaga River, where it was found again in 

2008, along with larvae of the Green Drake, the Gordon Quill, and the Pink Cahill.  

Green Drake larvae proved to be surprisingly scarce on Sheldon Creek, perhaps 

because the upper part flows mostly through Cedar bush and so likely is low in 

nutrients, which suggested that prior to European settlement, they might also have been 

uncommon on comparable parts of the Credit River for the same reason. 

 

OBJECTIVES FOR 2010 

1.  One goal was to find out if the Green Drake population was continuing to recover on 

the Credit River.  

 

2.  Another priority was to determine if there had been any recovery on the lower part of 

the Rocky Saugeen River. 

 

3.  Additional experiments with adsorbents were done in 2010, in order to find out if one 

type of adsorbent or another was more effective than the others in prolonging the life of 

nymphs confined in places where they would otherwise quickly die. 

 

4.  More precise information was obtained in 2010 about the pattern of European 

settlement, building of mills, etc., and the past extent of water pollution in the Credit 

River watershed, all of which was used to reassess how and why the distributions of the 

Green Drake, Brown Drake, Gordon Quill and Pink Cahill  have changed over time on 

the watershed. 
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 METHODS AND  RESULTS 

Status of the Green Drake, Brown Drake, Pink Cahill, Gordon Quill, and Red Quill 

on the Credit River and elsewhere in 2010. 

     The health of the Green Drake mayfly population on the Credit River and several of 

the other streams of concern continued to be evaluated by means of a survey 

conducted by volunteers of the emergence activity of the subadults during the spring 

ñhatch,ò and by my sampling for the larvae at the end of summer.  The suitability of 

sections of stream for the larvae was tested once again by confining them in cages in 

the river bottom and then observing how long they lived and how much they grew during 

that time; at places where the larvae could no longer be found in sufficient numbers to 

conduct the tests, some were obtained from the nearest place where they were still 

common.  As before, searches for larvae of the other mayflies of interest were also 

done when possible. 

 

Credit River. 

West Branch.  The first Green Drake subadults of the season were observed flying off 

the water on May 22nd, the earliest yet, and the last adults were seen just five days later 

(Fig. 9).  The ñhatchò was at least as large as that in 2009 (Fig. 13), but began each 

evening only when it was starting to get dark so that it was not possible to count the 

subadults as they flew up from the stream.  While most larvae that were transplanted to 

the Weir Pool site in 2009 did no better than in previous years, one did survive to 

become an adult last spring, but even it was a runt. A more definite indication that 

conditions were improving was that some first year larvae were found last October at 

the Weir Pool site along the north bank where they used to be common; the last time  

that any were encountered along this bank was in 2005 (Fig. 24).  Although no larvae 

were taken along the south bank last fall, this was probably because the water was high 

at the time, making it difficult to sample along that bank. 

  

Middle Branch and Main Stem.  Sizeable hatches of Green Drakes were reported on the 

Main Stem from the Dominion St. bridge all the way down to the lower Forks of the 

Credit Road bridge, and there was even a bit more activity reported last year at Sligo 

bridge, and also on the Middle Branch in the vicinity of Brimstone. Larvae transplanted 

to the Parking Lots site in 2010 did little better than those transplanted there in 2008 

(Fig. 14), but scouring of river bottom was a problem in 2010.  No larvae were 

transplanted to Sligo bridge last summer, but surprisingly some of the larvae that were 

used in experiments with adsorbents at Norval in 2010 did no worse than those 

relocated  to Sligo bridge in 2009 (see below).  Several first year larvae were found last 



 

 9 

fall on the Middle Branch along the section that parallels the side trail at the south end 

of the Forks of the Credit Provincial Park, the first time that this has happened during 

this study. 

 

Beeney Creek.  Only a few subadults were observed on the lower section of Beeney 

Creek at the 20th Side Road last May 21st when considerable emergence activity was 

taking place further upstream.  No sampling for larvae was done along the lower section 

last year, but larvae continued to be easy to find on the upper part, although those that 

were captured and confined at the 6th Line North site last summer actually did a little 

worse than in previous years. 

 

Black Creek, Silver Creek, Snows Creek, Wolf Creek, Rogers Creek, Shaws Creek, 

Binkham Creek .  No observations were made at any of these creeks during 2010, 

except Snows Creek, where larvae of the Gordon Quill, Epeorus pleuralis, were once 

again found to be abundant.  

 

East Branch and Caledon Creek.   The East Branch and Caledon Creek were both 

sampled on occasion over the past few years for one reason or another, especially 

during 2010, but no Green Drake larvae were ever found in either stream, nor larvae of 

any of the other mayflies of concern in this study. 

  

Beaver River  

Main Stem.   No work was done on this part of the river in 2010. 

 

Boyne Branch.  A few Green Drake subadults were seen flying off the water at the 

Hoggs Falls site last May 25th, and some adult females were observed flying down to 

the stream to oviposit on May 28th.  Larvae captured and confined at the Hoggs Falls 

site in 2010 have so far done about as well as in previous years (Fig. 8).  Finally, a Red 

Quill larva was found at the Hoggs Falls site last year on May 6th and another on May 

25th by dislodging small (palm size or less), smooth stones in ripples a few centimetres 

deep right at the very edge of the stream.  These are the first Red Quill larvae that have 

been found during this study on any of the streams of interest other than Sheldon 

Creek.  

    

Feversham Branch.  It was still easy to find larvae of both the Green Drake and the 

Brown Drake last year at the study site upstream of Eugenia Lake (Fig. 20). 
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Rocky Saugeen River 

     Green Drake larvae that were transplanted last summer to the lower part of the 

Rocky Saugeen near Aberdeen (some from Camp Creek, and others from a brook that 

enters the river just above the study site) did no better than larvae relocated from above 

Markdale in 2006 (see adsorbent experiment results below).  Larvae of both the Green 

Drake and the Brown Drake were still easy to find on the Rocky Saugeen just above 

Markdale. 

 

Nottawasaga River 

     No work was done last year anywhere on the Nottawasaga River system, except that 

Green Drake larvae were found last November on the Boyne River at the 4th Line with 

the same ease as before. 

 

Bronte Creek 

    A large upstream flight of adult female Green Drakes was observed at dusk on May 

23rd at the place where the Bruce Trail crosses Bronte Creek north of Blind Line. 

 

Ganaraska River and vicinity 

     The Ganaraska River was sampled at various spots on May 19th with Brian Morrison, 

but no Green Drake larvae were encountered, even though larvae of the Gordon Quill, 

Epeorus pleuralis, were found at most of the sites; neither did he see any subadults or 

adult Green Drakes in the following days; nor were any Green Drake larvae found on 

Wilmot Creek on May 19th, although Gordon Quill larvae were common, as was the 

case on Soper Creek in 2006. 

 

 

 Adsorbent Experiments 

     The adsorbents used in the experiments done in 2010 were sodium bentonite clay, 

activated carbon, zeolite, and diatomaceous earth, all of which were gotten from local 

retail stores as powders, except for the activated carbon, which had to be ground up. 

The procedure used for each adsorbent was to coat some clean gravel with the powder, 

which was done by immersing the gravel into a slurry consisting of some powder and 

distilled water, and then drying the mixture on a hot plate, thereby baking the powder 

onto the gravel.  Some Green Drake larvae were then introduced into breathable plastic 

bags containing some water and coated gravel in order to determine if short term 

exposure to and ingestion of the adsorbent was itself harmful.  Since this did not appear 

to be the case, trials were then started late last August, first on the Main Stem of the 
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Credit River at Norval, and next on the Rocky Saugeen near Aberdeen, using test 

cages specially made for the purpose.  The results obtained on the Rocky Saugeen 

were more straightforward, and are presented first.  

 

    Fifteen larvae were transplanted to patches of gravel at the Aberdeen site on the 

Rocky Saugeen, some from Camp Creek and others from a brook just upstream of the 

study site.  Five of the ten larvae kept in test cages provided with adsorbent lived for up 

to five days longer than did the controls, all of which died by the fifth day (Fig. 25).  No 

adsorbent appeared to be more effective than another, but the results were not quite 

statistically significant, and not all adsorbents were tested against one another; to do so 

it would have been necessary to perform the experiment in stages because the patches 

of gravel were too small to accommodate more than two to three cages, but by the end 

of the first stage of the experiment, the water was judged to be too cold to begin the 

second stage (see below). 

 

   Sixteen larvae were transplanted to the Credit River at Norval from the 6th Line North 

site on Beeney Creek.  Most of them lived longer than in the Rocky Saugeen trial, 

including the controls, except for some individuals that were confined in patch D, and all 

of the ones that were kept in gravel patch B (Fig. 26).  Such patch to patch variation in 

survival time has been typical of transplant experiments done on the Credit over the 

years.  It has also been usual not to see any more mortality once the water cooled in 

late summer, and this is what happened by the time that the second stage of the 

experiment at Norval was set up in early September.  Although as a consequence the 

results were, like on the Rocky Saugeen, just short of being statistically significant, 

adding an adsorbent did appear to have a slight beneficial effect in most instances, but 

once again the kind of adsorbent did not seem to matter. 

 

     These data were evaluated by Pat Kelly, fly fisher and retired analytical chemist, who 

wrote, ñThe adsorbents tell us a little about the presumed causative molecule if that is 

what it is.  Adsorption on activated carbon indicates that at least part of the molecule is 

non-polar.  Bentonite and diatomaceous earth indicate a polar part.  This tells us that it 

is not a small ion with a charge at the slightly alkaline pH of these waters.  The zeolite 

would tell us how big the molecule is if we knew the pore sizeò (email of October 24, 

2010). 

  

     The zeolite used in the experiments just described was from a natural deposit, 

obviously not pure, and its pore size unknown, but it was thought that the size of the 
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ñpresumed causative moleculeò might be estimated by repeating the experiments, this 

time using a synthetic zeolite that is available in different pore sizes (molecular sieve, 

Sigma Chemical Company).  So for several weeks last winter some Green Drake larvae 

were exposed in the lab to a molecular sieve powder having a pore size of ten microns 

(13X), and they did not appear to be harmed in any way, showing that such an 

experiment is feasible. 

 

 

 More Insights into the History of the Decline of the Green Drake mayfly 

 on the Credit River 

     A map detailing the parts of the Credit River which were grossly polluted in 1954 

(Fig. 27; Bush 1956) shows that it is indeed likely that the absence of Green Drakes 

from Black Creek below Acton, and from Shaws Creek downstream of Alton does date 

back to at least that time, and probably much earlier because the communities and 

industries fouling the river were already established by 1895 (Blake 1956).  It follows 

that the pockets of Green Drakes which exist today on Beeney Creek and on Shaws 

Creek above Alton have both been isolated from the main population on the Credit 

River for at least 70 years, and the same applies to the isolate on Silver Creek, and that 

it also has been a very long time since Green Drakes were last present on the Middle 

Branch of the Credit upstream of Caledon Creek (Figs. 2, 27).  Another zone of gross 

pollution was located in 1954 lower down the Credit at Streetsville (Blake 1956), but at 

least before that the pollution from there apparently never extended far downstream 

because as noted in my last report, F. P. Ide found Brown Drakes at Erindale in the 

1930's.  The situation on the West Branch in 1954 was different because Bush (1956) 

evidently did not find it to be grossly polluted at that time (Fig. 27) even though the 

same sorts of industries were located by 1895 at Erin and Hillsburg as elsewhere on the 

watershed; and consistent with this is the fact that Pink Cahills were gotten at several 

locations on the West Branch during the 1954 benthic survey of the Credit River (Fig. 

20)4.  Moreover, Green Drakes have been collected or recorded from the vicinity of the 

Credit Forks at least once every decade since the 1930's, which also indicates that from 

at least that time conditions have remained fairly good on the West Branch.  If the West 

Branch did become grossly polluted sometime after European settlement, then the zone 

of pollution did not extend very far downstream, and conditions greatly improved again 

by the 1930's.  That is possible because the numbers of people living on the watershed 

peaked about 1871, then decreased markedly, and only got back to that level again in 

1940's with the start of urban expansion from Toronto (Blake 1956). 
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     An unknown is what the water flow was on the Credit River at the time of European 

settlement.  A record of the monthly discharge at a hydrograph station near Cataract 

extending from 1915 to the present (Water Survey of Canada website) does not seem 

to display any overall trend, indicating that the average water flow from year to year has 

stayed about the same since 1915.  However, by 1911 over 90 percent of the Credit 

watershed had been cleared of forest (Jackson 1956), and the negative effect of this on 

the water flow must have been considerable.  Blake (1956, p. 108) quotes an account 

written in 1833 of the building of a water powered mill at Streetsville some ten years 

earlier, in which the river is described as a ñpowerful streamñ, while Bush (1956, p. 55) 

asserted that most of the many mills that once operated on the river and its tributaries 

were abandoned over the years in part because of a lack of water flow. The very fact 

that by 1840 eight mills had been constructed along the Middle Branch at Orangeville 

over a distance of one mile (Blake 1956), and that a like number of dams were built 

along a mile long stretch of rapids on Shaws Creek at Alton to power the mills, etc. in 

that village (Town of Caledon 2009) also indicates that there was a much greater 

volume of water flowing in these streams at that time. Carman 1940 (pg. 25), discussing 

the effects of deforestation of the Wilmot Creek watershed, west of Port Hope, noted 

that only four of the eight mills that used to be located on the creek were still functioning 

and only part time, and attributed this to reduced water flows, citing mill owners and 

older residents, who estimated that the summer flow of water was below one quarter of 

what it had been in the period of 1860 to 1880.  Not only would the discharge of water 

on the Credit River have been much greater, but the water would undoubtedly have 

been cooler, and so as I suggested in my last report, the lower part of the river likely 

was not so warm during the summer at that time as by the 1930's, and if not, then the 

Green Drake and Pink Cahill could both have occupied each of the rapids on the Main 

Stem all the way down to the mouth of the river (Fig. 15).6 

 

     Although the average yearly water flow may not have changed much since 1915, 

there have always been fluctuations, and a continuous period of low discharge starting 

in 1998 and ending in 2004 (Fig. 28) very likely initiated the process leading to the 

collapse of the Green Drake population on the Middle Branch and Main Stem in 

2002/2003 (Fig. 30), while the recovery that is now taking place is almost certainly due 

to a return to higher than average discharge rates most years since 2004 (Fig. 28). The 

lag in the recovery presumably reflects in part the monthly summer discharge rates, 

which remained low through 2007 (Fig. 29), as well as the fact that the Green Drake has 

a two to three year life cycle. 
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     Water taking or changing the path of ground water flows is making worse the 

problem of fluctuating discharges, at least on Beeney Creek, the lower part of which 

entirely dries up some years in late summer.  According to lifelong resident of the area, 

George Beeney, a major spring located at the 4th Line and Ballinafad Road, which used 

to run into Beeney Creek went dry when the town of Acton sunk a well nearby to add to 

its water supply.  Also, during road upgrades along Hwy 7, a ridge of rock was blasted 

away west of Trafalgar Road, causing ground water that used to drain to the southwest 

into Beeney Creek to then flow the other way into Silver Creek, as also happened when 

ditching was done on the west side of the highway at the foot of Trafalgar Road hill. 

 

 

 DISCUSSION 

     All indications are that at present levels of pollution, the Green Drake population will 

continue to recover on the Middle Branch and Main Stem in the vicinity of the Credit 

Forks provided that there continues to be a sufficient flow of cool, clean water during the 

summer, but if the amount of pollution goes up, there will have to be more flow.  As 

noted in my last report, older fly fishers recall that there have been previous collapses of 

the Green Drake population on the Main Stem. Judging from the most recent crash, the 

West Branch has always served as a refuge for the Green Drakes, and thus has also 

been a source of colonists for repopulating the main river after such a collapse, but 

since the 1980's conditions on the West Branch have deteriorated so much, as shown 

by the subsequent disappearances of the Gordon Quill and Pink Cahill from that branch, 

that now during dry periods the Green Drakes are also suffering near collapse even on 

the lower part of the West Branch.  There is as well a tipping point, apparently not yet 

reached on the Green Drake section of the Credit River (at least in the vicinity of the 

Credit Forks), when the stream bottom becomes so contaminated, and the microbial 

balance is presumably so altered, that after pollution abatement, repopulation of the 

Green Drakes will not occur for many decades, even where a source of colonists is near 

at hand, as is the case on Black Creek below Acton, and Shaws Creek below Alton, 

where the water quality has improved so much since the 1950's that brook trout have 

repopulated the streams, as has the Pink Cahill below Alton. 

 

     The lack of improvement in conditions for Green Drakes on the lower part of the 

Rocky Saugeen despite increased water flow on the Saugeen River watershed during 

the last few years (Water Survey of Canada website) is probably because this trout 

stream for nearly its entire length is of the slow, soft bottom type (Ricker 1934), and so 

in most places does not have the turbulent water flow that is so characteristic of the 
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Green Drake section of the Credit River, as well as the upper part of the Main Stem of 

the Beaver River, in the immediate vicinity of the Niagara Escarpment, where recoveries 

of the Green Drake populations are underway.7  It is perhaps worthwhile, in this context, 

to repeat from my last report that the only stretch of trout stream left on the Credit River 

watershed of the slow, soft bottom type is a short section of Shaws Creek downstream 

of Caledon Lake, although much of the Middle Branch above the Niagara Escarpment 

must have been of this type before that section became severely degraded because of 

pollution and siltation. 

 

 

  SOME OBJECTIVES FOR 2011 

     The ñhatchò on the Green Drake section of the Middle Branch and Main Stem this 

spring should be the largest since prior to when the population collapsed on that part of 

the river during 2002/2003, and it will be instructive to find out how far upstream on the 

Middle Branch and downstream of the Credit Forks that the subadults are seen to 

emerge from the water in substantial numbers. 

 

     Adsorbent experiments will be done again at the site on the Rocky Saugeen near 

Aberdeen, and on the Credit River at Norval, this time using synthetic zeolites of 

different pores sizes, the purpose being to determine if there is a minimum pore size 

below which the presence in the test cages of a zeolite of that pore size does NOT lead 

to an increase in survival time of the Green Drake larvae in the cages.  This would be a 

further indication that the killing agent really is a toxin, and also give the minimum size 

of the molecule. 

 

     The feasibility will be tested of evaluating the condition of the river bottom for Green 

Drakes by placing eggs in test cages in the river and seeing how well any hatchlings do 

to the end of the season, instead of starting with partly grown larvae, the capture of 

which usually takes much time and effort, and often requires pulling up partly embedded 

stones to dislodge them. 
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APPENDIX 1 

Footnotes 

2.  It is a matter of debate among people who fly fish whether the Green Drake section 

in the 1990's extended upstream on the Middle Branch to Peel Rd. 24 (former Hwy. 24),   

or just to the base of the falls at Cataract, and on the West Branch much beyond Shaws 

Creek Road, but there is general agreement that the Caledon Trailway was 

approximately the downstream limit (Fig. 2).    

 

3. Some adult female Green Drakes were captured last May 28th at the Hoggs Falls site 

on the Boyne Branch of the Beaver River as they flew down to the stream to oviposit, 

and afterwards were made to lay their eggs in a jar of water.  A few test cages were 

each then stocked with about 30 of the eggs, and the cages partly buried in the bottom 

of the stream in the usual manner. The cages were retrieved on October 12th, and 

several were found to contain a few larvae, all of them having a body length of about 4.5 

to 6 mm, which is the usual size of individuals found in the stream at that time of the 

year, other than large 2nd last instar larvae.  This result, taken together with growth data 

gotten previously (Fig. 8; Frania 2007, fig. 16) shows that hatchlings develop to about 

the 10th last larval stage by the end of their first summer, and then require at least 

another year to grow to maturity.  The proportion of individuals that take a third year to 

complete their development apparently can vary from one cohort to the next (Fig. 8), but 

for the purposes of this study all individuals having a body length greater than 6 mm 

were considered to be in their second year. 

 

4.  The past distributions of the Green Drake, the Brown Drake, the Pink Cahill and the 

Gordon Quill on the Credit River were reconstructed by: 1) reference to ecological 

studies involving mayflies, mostly done by F. P. Ide and W. E. Ricker in the 1930's 

concerning especially the upper parts of the Mad and Pine Rivers (Ide 1935; Ricker 

1934); taxonomic studies on mayflies done by Ide (1954) and also J. McDunnough 

(1925a, b), and examination of specimens that were collected mostly in the 1930's by 

Ide, which are now in the insect collection at the Royal Ontario Museum (Frania 2010); 

3) study of the results of a benthic survey done by the Fish and Wildlife Branch of the 

Ontario Ministry of Natural Resources in 1954 (Archives of Ontario), and another done 

by the OMNR on the West Branch in 1977; 4) consideration of where and in what 

habitats these species are found today, not only on the Credit River, but also on other 

streams in the study area, especially the Beaver River; 5) information about stream 

conditions contained in the Credit Valley Conservation Report for 1956. 
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5. Another mayfly that likely used to occur on the West Branch of the Credit is the 

ephemerellid Drunella walkeri which was recorded from above Winston Churchill Blvd. 

during the 1977 OMNR survey of that branch.  Unfortunately, the two specimens upon 

which this record is based are probably lost. 

 

6   Two parts of the Credit watershed that may never have had Green Drakes are the 

East Branch and Caledon Creek.  The substrate on both creeks consists mainly of 

sand, silt, and white clay, which is likely too fine for the larvae, as also appears to be the 

case on Ganaraska River, and nearby Wilmot Creek and Soper Creek.  It is probable, 

however, that both the East Branch and Caledon Creek had Gordon Quills, since the 

Ganaraska River and creeks nearby have them today. 

 

7.  It has long been known that in Europe some stoneflies, etc. can live further 

downstream than might otherwise be expected in polluted waters, but only in the very 

shallowest, most turbulent parts of rapids (references cited in Hynes 1960, pg. 161).  

This is also the case on the Credit River, where larvae of certain species such as the 

perlid stoneflies Acroneuria lycorias and Paragnetina media still occur in rapids along 

the lowermost part of the river (e.g. at the hairpin turn south of Dundas Street in the City 

of Mississauga), a section that is classified as moderately impaired by Credit Valley 

Conservation. 
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Fig. 1.  Map of south central Ontario showing approximate location of creeks and rivers  in relation to 

edge of Niagara Escarpment. Dashed line on inset map indicates northern limit of sedimentary rock in this 

part of Ontario. Outline of Niagara Escarpment and boundary of sedimentary rock from Chapman and 

Putnam 1966, fig. 2.  1) Rocky Saugeen River; 2) Beaver River; 3) Mad River; 4) Pine River; 5) Boyne 

River; 6) Sheldon Creek; 7) Nottawasaga River; 8) Credit River; 9) Silver/Black Creeks; 10) Bronte Creek. 



 

 22 

 
 

Fig. 2.  Map of upper part of Credit River showing how the distribution of the Green Drake mayfly, 

Ephemera guttulata, is thought to have changed on the Main Stem, and the Middle and West Branches 

over the past 30 years in terms of where the larvae were at least locally common.  Also shown is its 

present known distribution on tributaries of the Credit River, except it no longer is common on Beeney 

Creek downstream of the railway bridge (Fig. 27).  The gap at the Willoughby Weir may be of long 

standing.  ?, distributional limit uncertain. 
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Figs. 3-7.  3.  Drawing of larva of Ephemera danica in its burrow, lateral view; image copied from Ladle 

and Radke 1990, fig. 1.  Arrows indicate direction of water currents produced by gill movements.  4.  

Photograph of Beeney Creek where Green Drake nymphs are common at first riffle west of 6
th
 Line, north 

of 22
nd

 Side Road, photograph taken by Pat Kelly on May 12
th
 2009.  5. Photograph of S. S. Brockville 

running Lachine Rapids on St. Lawrence River at Montreal in 1906; image copied from website of 

McCord Museum.  The Green Drake occupied these rapids in ñcountless numbersò in the 1930's and was 

still present there in the late 1950's, but no longer.  6.  Photograph of substrate from pocket of gravel with 

Green Drake larvae in riffle on Boyne Branch of Nottawasaga River, gravel consisting of a mix of bare 

fragments of limestone bedrock and glacial till from Canada Shield.  Grid line = 5 mm.  7.  

Photomicrograph showing composition of portion of food bolus from anterior part of midgut of a Green 

Drake larva. 
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Fig. 8.  Survival and growth plots for Green Drake larvae caught and confined at the Hoggs Falls site on the Boyne Branch of the Beaver River in 2007 (upper graph) and 2008 (lower graph).  A solid   

arrowhead indicates that the larva appeared to be healthy and was returned to the stream in its test cage, an ñopenò arrowhead that the larva had died by mishap on retrieval or was preserved because  

it showed signs of being sick, a black dot preceded by a dashed line that the larva was found dead, and an ñopenò circle preceded by a dashed line that no remains were found in the test cage.  The  

chevrons indicate that the mature larva was taken back to the laboratory, where the subadult (first chevron) and adult (second chevron) molts then took place.  The numbers shown next to certain  

of the arrowheads indicate the growth stage (instar) of the individual at those points; the last instar is numbered 1, the second last is 2, etc.  A question mark indicates uncertainty about the instar number  

at that point along the growth curve. The photo insert shows on the left a typical healthy larvae caught and preserved at the start of the experiment in June of 2007 (6
th
 or 7

th
  last instar), and on the  

right at the stage of growth (3
rd

 last instar) attained by a confined female larva in mid-August of that year. 
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Fig. 9.  First and last sightings of emerging subadults (upward pointing arrows) and swarming or egg 

laying adults (downward pointing arrows) of the Green Drake mayfly during the past six years.  An ñopenò 

arrowhead indicates day or days of maximum observed emergence activity on the Credit River.  Dashed 

portions of line indicate estimated start and end of flight period for that year.  No attempt was made to 

estimate the duration of the flight period in years when only one day of observations was available. 
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Fig. 10.  Photograph of wing-bearing portion of thorax of preserved 3
rd

 last instar Green Drake that was 

retrieved eight days after being transplanted in mid-July, 2005 from the Weir Pool site on the West 

Branch of the Credit River above the Willoughby Weir to the Shelf Pool site below the weir; and showing 

that some of the thoracic muscles had wasted away, as well as the epithelial lining of the midgut, 

exposing to view the contents of the midgut.  Inset, 3
rd

 last instar larva that was healthy at the time of 

preservation. amt, atrophied muscle tissue.  fb, food bolus.  wp, wing pad. 
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Fig. 11.  Map of Credit Forks area of Credit River showing a table detailing the number (n) of first year (f) 

and second year (s) nymphs of the Green Drake mayfly collected in five samples each at the Weir Pool 

and Mill Pond sites in fall 2004 compared to fall 2006. 
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Fig. 12.  Map of part of Beaver River showing location of study sites, the number of Green Drake larvae 

confined at each site during the summer of 2007, and the percentage that were still alive at the end of 

September of that year.  All larvae confined at the Hoggs Falls site were captured there.  About half of the 

larvae confined at the Grahamôs Hill site were from there, and the rest were transplanted from the Hoggs 

Falls site; the percentage that survived was the same in both cases.  All larvae confined at the Power 

Station and MNR sites were transplanted from the Grahamôs Hill site. 
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Fig. 13.  Maximum observed emergence rates of Green Drake subadults (duns) on parts of the Credit 

River where some were seen during the ñhatchesò of 2005 to 2009.  The ñhatchò in 2010 was at least as 

large as in 2009.   Rates expressed as the time taken to observe one dun.  The ñtop of the Main Stemò is 

between the Credit Forks and the Ice Cream Store. 
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Fig. 14  Survival and growth plots for Green Drake larvae transplanted to the Parking Lots site on the 

Middle Branch of the Credit River from Beeney Creek at 20
th
 Side Road and 6

th
 Line (2007), from the 

Boyne Branch of the Nottawasaga River at 4
th
 Line East (2008), and Beeney Creek west of 6

th
 Line, north 

of 22
nd

 Side Road (2009).  A solid arrowhead indicates that the larva appeared to be healthy and was 

returned to the stream in its test cage, an ñopenò arrowhead that the larva had died by mishap on retrieval 

or was preserved because it showed signs of being sick, a black dot preceded by a solid line that the 

larva was moribund, and a black dot preceded by a dashed line that the larva was found dead.  m, these 

individuals were located in the middle of the stream; the others were placed closer to the banks. 
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Fig. 15.  Profile of Credit River from start of Shaws Creek to Lake Ontario (Bush 1956) showing where it is 

believed that the larvae of the Green Drake and the Brown Drake, Ephemera guttulata and E. simulans, 

and the Pink Cahill and the Gordon Quill, Epeorus vitreus and E. pleuralis, would have been common in 

suitable habitat, ca. 1800, compared to where they are still at least somewhat common locally, assuming 

that there was a warm river section prior to European settlement of the watershed.  The hatching 

indicates where their ranges did, or still do overlap. Stream classification according to Ricker (1934). 
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Fig.16.  Profile of Credit River from start of Binkham Creek to Lake Ontario (Fig 2), showing 

approximately where it is thought that the larvae of the Green Drake and the Brown Drake, Ephemera 

guttulata and E. simulans, and the Pink Cahill and the Gordon Quill, Epeorus vitreus and E. pleuralis, 

would have been common in suitable habitat, ca. 1800, compared to where they still are at least 

somewhat common locally, assuming that prior to European settlement of the watershed the water was 

cool all the way down to the mouth of the river.  The hatching indicates where their ranges did, or still do 

overlap.  ?.  The physical setting suggests that marl beds may have been present in places upstream of 

Shaws Creek Road, and if so, then the Brown Drake would also have been present.  Stream classification 

according to Ricker (1934).  Water level profile from Bush (1956). 
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Figs. 17-20.  17-18.  Photographs: 17, of  Silver Creek a five minute walk upstream of Wildwood Road, 

where Brown Drake larvae were in the quieter water along the bank, while Green Drake larvae were in 

the riffles further out into the stream; 18, of Shaws Creek at Mississauga Road, north of High Point Road, 

where Brown Drake larvae occur abundantly in soft deposits of marl.  Photographs taken by Pat Kelly, 

May  2009.  19-20.  Bottom substrate: 19, from gravel flat with Green Drake larvae on Beaver River 

above Eugenia Lake, gravel consisting of bits of twig (bottom arrow), pieces of moss (top arrow), pebbles, 

etc., all heavily encrusted with calcium carbonate; 20, from marl bed with Brown Drake larvae on Shaws 

Creek  (Fig. 16), marl comprised mostly of calcium carbonate encrusted remains of the alga Chara  

(arrow), and snail and clam shells, and bits of ñpeat.ò  Grid line = 5 mm. 


