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Abstract

River weirs are low-head dams that dissipate energy by creating hydraulic recirculation zones at their base. These recircu-
lation zones are a major cause of human drownings and have been referred to as “drowning machines”. We observed an
event that allowed us to add ducklings to the list of weir victims. As a Mallard (4nas platyrhynchos) hen and her brood
floated over the Calgary weir, the mother flew safely over the hydraulic recirculation. The ducklings drifted into the recircu-
lation and three quickly passed through; four were stalled, repeatedly recirculated, and died. We observed other regional
weirs where adult birds commonly flew over the hazard. We did not observe any other waterfowl drifting into recircula-
tion zones, and we found no prior report of this lethal hazard. Although mortality might be rare at each weir, with hundreds
of thousands of low-head dams worldwide, the collective hazard could be substantial. Weirs can be designed to eliminate
the lethal recirculation zone, and the apparent hazard to ducklings could provide another motivation to redesign or modify

these common structures.
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Human developments impose many lethal chal-
lenges on wildlife. Avian mortality can follow colli-
sions with windows, towers, power lines, airplanes,
or wind turbines (Weir 1976; Avery et al. 1980). Al-
terations to streams, ponds, and lakes impose addi-
tional challenges for waterfowl, including the flood-
ing of nests and increased predator access (Mauser et
al. 1994; Flint and Grant 1997). We are investigating
the ecological consequences of weirs and other river
dams (Rood et al. 2003, 2010) and observed another,
apparently unreported, cause of waterfowl mortality.

Our observation was from the viewing platform
at the weir across the Bow River in Calgary, Canada
(Figure 1; 51°2.61'N, 114°0.85'W). This weir creates
an elevated head pond upstream, which allows for off-
stream water diversion for irrigation. The concrete
weir produces a drop of about 2 m into the stilling
pool, forming a hydraulic recirculation zone, which
is also referred to as a “hydraulic jump” or “hole”
(Figure 2; Makuk 1988; Bradshaw 2004). This re-
circulation zone dissipates energy to reduce erosion
of the weir base and downstream channel. Because of
the recirculation, buoyant objects that float over the
sill are often stalled in the trough, and are retained
there or plunge down into the seam created by falling

water. These objects flow slightly downstream, then
resurface because of their buoyancy while still within
the turbulent recirculation zone. This imposes a re-
petitive and somewhat violent cycle, and the recircu-
lation zone can thus be retentive, as revealed with
sticks, logs, and a wheel in the trough of the Calgary
weir (Figures 1 and 3).

With the hydraulic recirculation, low-head dams
will often stop swimmers or stall and capsize small
boats, and then recirculate the victims. The lethal
hazard of these “drowning machines” is well recog-
nized, as human drownings at river weirs continue
to represent about a fifth of recent North American
river fatalities (Walbridge 2000; Bradshaw 2004).
The Calgary weir has been especially lethal, with at
least 10 fatalities from 1982 through 2007, includ-
ing four double drownings (Makuk 1988; Canadian
River Safety 2019). Largely because of the drowning
hazard, this weir was modified in about 2010 to div-
ide the single major drop into a sequence of smaller
irregular drops, eliminating the retentive hydraulic
recirculation zone and creating the safer Harvie
Passage paddling park.

While at that construction site on 4 June 2009, we
observed a fatal wildlife incident. Near mid-day, a
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Fi1GURE 1. The Calgary weir in June 2009 (discharge 109 m?/s), displaying the river water flowing over the weir and into
the hazardous hydraulic recirculation zone, with trapped sticks and a wheel. The structure on the far side allows offstream
diversion into an irrigation canal. This system was subsequently modified with the Harvie Passage to produce safer pad-
dling channels. Photo: Stewart Rood.
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FIGURE 2. A cross-section of the Calgary weir and hydraulic recirculation zone with scaling based on Makuk (1988) and
Golder (2002). The positions of the submerged ducklings are based on flume simulations with objects of similar buoyancy
and observed emergence patterns. Note the exaggerated vertical scale.

Mallard (Anas platyrhynchos) hen and her brood of
seven ducklings drifted slowly along the south bank
(Figure 3). As water flowed over the weir, the duck-
lings turned upstream and appeared to paddle vigor-
ously. As the hen floated over the sill, she rose with a
few wing strokes and glided downstream beyond the
recirculation zone. Some of the ducklings turned to-
ward her and paddled vigorously downstream.

Paddling into the trough, three passed through
fairly quickly, apparently aided by a break in the re-
circulation because of a tumbling log in the trough.
The other four ducklings were stalled. Each was
plunged down, and we observed three of the four re-
surface a few seconds later in the aerated surface,
3—-4 m downstream. Despite paddling downstream,
each was drawn back upstream into the trough and
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FiGure 3. A Mallard (4nas platyrhynchos) hen with seven ducklings approaching the hydraulic recirculation zone at the
Calgary weir, 4 June 2009. Three of these ducklings survived, while four died. The hen is just rising and subsequently flew
over the recirculation area. Photo: Stewart Rood.

again plunged under water. With each recirculation,
the ducklings appeared to be weakened as they be-
came less vigorous. We observed two ducklings re-
circulating three times and one four times, but did not
observe the fourth over the next few minutes. After
about five more minutes, one duckling emerging in
the water downstream from the hydraulic recircula-
tion area, drifting passively on its side, apparently
dead. We observed no further evidence of the remain-
ing three ducklings over an additional 30 min.

This incident demonstrates that a low-head dam
can be lethal for ducklings. The mature hen was read-
ily able to fly over the retentive hydraulic recircula-
tion zone, but the ducklings were unable to fly and
were, therefore, vulnerable. Of the seven ducklings,
four apparently died, indicating that this powerful re-
circulation was quite hazardous.

This physical hazard from low-head dams may
be very common; the design of these dams is fairly
universal and consistently produces retentive and
lethal hydraulic recirculation zones (Makuk 1988;
Walbridge 2000; Bradshaw 2004). There are about 45
000 large dams world-wide (World Commission on
Dams 2000) and low-head dams are probably about
ten-fold more numerous (Chandler and Chapman
2003; Doyle et al. 2003). With this widespread occur-

rence and the apparent lethality for ducklings, we con-
clude that weirs could provide a substantial hazard for
juvenile waterfowl.

To investigate whether this hazard is recognized in
the field of ecology, we conducted Google Scholar and
Web of Science literature searches with search term
combinations including duck, duckling, mortality,
death, hazard, dam, and weir. These revealed exten-
sive reports on duckling mortality, including reviews
and bibliographies, showing that duckling mortal-
ity is considerable (Ringleman and Longcore 1982;
Savard et al. 1991; Flint and Grand 1997), largely as
a result of predation (Talent e al. 1983; Mauser et al.
1994). Although many reports of hazards to water-
fowl and other birds from various types of artificial
structures exist (Weir 1976; Avery et al. 1980), we
found no reference to the drowning hazard from river
weirs. Wildlife biologists with Alberta Environment
and Parks reported that they had never seen ducklings
or goslings drifting over weirs, but were not surprised
by the possibility, because waterfowl are abundant in
head ponds above weirs in southern Alberta.

News and social media websites were another
source of information. A Google search (September
2019) on “ducklings and weirs” revealed YouTube,
Facebook, and news media videos, photographs, and
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reports of ducklings unable to follow the mother hen
up and over weirs or stranded in troughs or drains
below weirs. These ducklings were uninjured and
were often assisted by observers or wildlife officers;
for some repetitive cases, screens or other measures
solved the stranding. We found no report of ducklings
retained, injured, or killed in the hydraulic recircula-
tion zone of a river weir.

Over five years, we visited other river weirs, in-
cluding the 1-m-high Lethbridge Northern Irrigation
District weir (49°39.9'N, 113°36.1'W), the 1.5-m City
of Lethbridge weir on the Oldman River (49°40.9'N,
112°51.4'W), and the 3-m Carseland weir on the Bow
River (50°49.5'N, 113°26.6'W). These weirs also pro-
duce retentive hydraulic recirculation zones and hu-
mans have drowned at the Lethbridge and Carseland
weirs (Canadian River Safety 2019). We undertook
50, 6-hour observer-days at these three weirs during
June from 2010 through 2015.

During these observations, water birds were com-
mon near each of the weirs, including the piscivorous
American White Pelican (Pelecanus erythrorhyn-
chos) and Double-crested Cormorant (Phalarocorax
auritus). In addition to Mallards, other ducks were
abundant, including Common Merganser (Mergus
merganser), Common Goldeneye (Bucephala clang-
ula), occasional Wood Ducks (4ix sponsa), and other
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species. Canada Goose (Branta canadensis), includ-
ing goslings, were also abundant, along with Ring-
billed (Larus delawarensis) and other gulls. We com-
monly observed adults drifting toward the weirs,
and they would consistently fly before drifting into
the hydraulic recirculation zone. Ducklings or gos-
lings were common, but we did not see any others
drift over the weirs; thus, it is probably uncommon
for waterfowl to drift into recirculation zones. We
have repeatedly observed pelicans and some other
birds fishing right below and even in the recirculation
zone during summer intervals when river flows are
lower and the hydraulic power and hazard are prob-
ably slight (Figure 4).

Following these observations, we suspect that the
hazard to waterfowl varies considerably across weirs
and with different river flows. A small weir on a small
stream would produce a modest hydraulic recircula-
tion zone that would be less capable of stopping and
recirculating ducklings. The hydraulic force and haz-
ard would increase with increasing drop height and
stream discharge. The Carseland weir hydraulic sys-
tem was very loud and this may have signaled its
presence from 100 m or more upstream. Waterfowl
were abundant in the upstream pond, but remained
well away from that drop. With the reduced haz-
ard of smaller weirs and noise cues of larger weirs,

FI1GURE 4. The Lethbridge weir across the Oldman River in late summer when flows are low and the recirculation hazard is
reduced. American White Pelicans (Pelecanus erythrorhynchos) are common, feeding on fish that are blocked by the weir

from upstream passage. Photo: Stewart Rood.
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it is possible that intermediate-sized weirs, such as
the Calgary weir, might provide the greatest risk to
ducklings.

The lack of prior reporting of duckling deaths
in weir recirculation zones could indicate that this
source of mortality is rare. Conversely, the lack of
evidence may reflect ducklings’ inconspicuous na-
ture. Ducklings are small and cryptic, and hens en-
courage secretive behaviour (Mauser ef al. 1994).
Also, reducing the likelihood of observation, hu-
mans are discouraged from approaching river weirs
by signage or fencing. Although stilling pools, the
slow flowing zones downstream of weirs, are some-
times favoured for fishing, this is less common during
the interval of turbid water and high flow rates in late
spring and early summer, when ducklings are unable
to fly and thus more vulnerable.

Although the extent of mortality is unknown, the
prospective drowning hazard to waterfowl could pro-
vide one more reason to avoid weir designs that cre-
ate “drowning machines”. In addition, modifications
to existing weirs to eliminate the hydraulic recircu-
lation zone should reduce the risk for ducklings and
possibly other wildlife, as well as humans. For ex-
ample, the modifications to the Calgary weir to create
the safer Harvie Passage might reduce future duck-
ling mortality at this location where we observed the
tragic drownings in 2009.
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