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Disclaimer

This report proposes an environmental flows framework for the lower Saint John River linked to
operations at the Mactaquac Generating Station. The information presented here is not intended as an
alternative to proactive consultation with regulatory authorities and does not necessarily represent the
opinion of the Canadian Rivers Institute.
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Executive summary

With a focus on inter-daily and inter-seasonal water management, we tailored an application of
the Ecological Limits of Hydrological Alteration (ELOHA) framework to develop a proposed
environmental flows strategy for the Saint John River in New Brunswick, with an initial
application for the Mactaquac Generating Station. Our proposed framework was developed and
refined through three expert workshops and an extensive literature review, and the final
recommendations are based upon seventy-seven refined flow-ecology and temperature-ecology
hypotheses structured by habitat type and core flow components.

The three workshops were attended by experts from academia (UNB, INRS-Quebec, University
of Wisconsin - Parkside), federal (ECCC, DFO and National Defense), and provincial (New
Brunswick Department of Environment and Local Government, New Brunswick Department of
Energy and Resource Development) governments, Aboriginal peoples (Houlton Band of Maliseet
Indians), non-governmental organisations (WWF Canada, The St. John River Society, Atlantic
Salmon Federation, OBV du Fleuve Saint-Jean, Trout Unlimited), and industry (Stantec, NB
Power).

Five target habitats were identified: (1) headwaters and small tributaries, (2) medium tributaries,
(3) large tributary and mainstem habitats, (4) island habitats, and (5) riparian and floodplain
wetlands. The proposed framework focuses on four groups of taxa (fish, benthic
macroinvertebrates, mussels, and aquatic and riparian vegetation) and a subset of target species
that are expected to be sensitive to alterations in the flow regime. Additional habitats (e.g.,
channel stability and water quality) are incorporated into the framework. Four core flow
components (low flows, seasonal flows, high flows, and ice-affected flows) are paired with key
life history requirements for each taxonomic group and habitat type.

Ten flow needs are identified that capture the broad ecosystem components across four flow
components, and key flow recommendations are identified. These recommendations are
expressed as proposed limits to alterations on a selection of ecologically-important flow statistics
representing high, low, seasonal, and ice-affected flows across key ecological flow components.

Four key recommendations are provided to support the final implementation of the proposed
framework at the Mactaquac Generating Station on the Saint John River: (1) link inter-daily and
inter-seasonal framework with intra-daily hydropeaking; (2) incorporate societal (ecological and
cultural) processes; (3) develop and implement a strategic, long-term monitoring plan; and (4)
apply future climate and flow projections to refine the proposed framework.
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1. Introduction

1.1 Returning the balance

Global freshwater resources are under increasing threat from human activities, both in terms of
consumptive and non-consumptive use (Poff et al., 2010; Richter et al., 2012). Increasing societal
demands for water have led to substantial flow alterations in rivers, both in Canada and internationally.
Flow alteration (e.g. altered regime timing, flow abstraction) can be directly linked to impacts on the
physical and ecological attributes of rivers (Poff & Zimmerman, 2010).

Representing the largest source of electrical power generation (59.2% in 2015) in Canada (Statistics
Canada, 2017), hydropower facilities are managed at large spatial and temporal scales to balance water
availability with demand for electricity For example, hydropeaking meets diurnal consumer demand, and
headpond storage maintains water levels for efficient turbine use. However, many components of the
ecosystem can be impacted through the development of hydropower facilities and their operation
schedules, including the shifting timing of the hydrological regime, significant thermal impacts on biota
directly downstream of headponds, fragmentation, and altered ice regimes. The increasing recognition of
the ecological, social, and cultural values of rivers paired with societal water demands has driven the
development of environmental flow frameworks (Richter, 2010).

1.2 Development of environmental flows

Environmental flows describes the quantity, quality, and timing of water flows required to sustain
freshwater ecosystems and human livelihood and well-being dependent upon these ecosystems (Brisbane
Declaration, 2007). More than 200 individual environmental flow methods have been developed to
manage and monitor river ecosystems for conservation and water resource protection (Tharme, 2003).
Each method can be broadly categorised into four groups representing hydrologic, hydraulic rating,
habitat simulation, and holistic methodologies, with two additional categories representing combination-
type and other approaches (Tharme, 2003). These groups represent the development and evolution of
methods from the initial concept of monitoring simple hydrological variables on a site-scale basis to
reach-scale, instream habitat models. More recently, systematic, watershed-scale frameworks have been
developed.

Recent development of environmental flows methods can be traced back to the first mention of the term
“environmental flows” in the early 1970s but it was not until the early 2000s that we saw a rapid increase
in the number of publications focused on this topic (Figure 1 and Figure 2). Heightened interest in
environmental flows likely reflects the development of a consensus-based definition at the Brisbane
Declaration in 2007. In contrast, the occurrence of the term “instream flows” remains steady from its
initial mention in the mid-1970s through today (Figure 2). Trends in citations relating to specific methods
(e.g. Poff et al,, 2010) or review articles (e.g. Tharme, 2003) reflect increasing interest and method
application (Figure 2).
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Figure 1: Timeline of holistic environmental flows strategies. From Poff and Matthews (2013) and Poff (In press)

The more recent development of holistic methods represents a systematic shift from habitat-focused,
species-specific approaches (e.g. PHABSIM) to a framework including direct and indirect linkages
between flow and ecology at the watershed scale (Railsback, 2016). By incorporating socio-cultural and
governance components into the framework, these approaches pair the societal values with environmental
needs (Pahl-Wostl ef al., 2013; Poff & Matthews, 2013; Matthews et al., 2014; Poff et al., 2017; Poft, In
press). For example, the Ecological Limits of Hydrologic Alteration (ELOHA) framework combines data,
modelling, and analysis with expert judgement and workshop discussion to develop a balanced,
watershed-scale strategy (Poff et al., 2010). These holistic frameworks are now being tested and
implemented across watersheds globally (e.g. Stein ef al., 2017) and are being continually refined to
reflect the new advances in data management (e.g. Thompson ef al., In press) and the ongoing challenge
of rapid global change (Poff et al., 2017; Poff, In press).



MAES Report Series 2017-035

250
w200
1
3
o
S
=%
- T
£ 150
n
:; "Instream flows"
2 .
- [ —o—"Environmental flows'
© 100
/\ . 2
; [r v Tharme (2003)
£ ¥ » —*Poffetal (2010)
= /
Z 50
A
L
© ® O N ¥ VL O AT YV VO AN T OV PO AN T VW R O A F O
LEESETLT L LR X 0 000 0 OSSR 2RISR RSLT s E S
9 9 &) %) o =) 9 = = = o = &) = = o ) ) ot ot R S S
————————————————— aaaaaaaaa
Year

Figure 2: Number of citations per year as reported by Scopus (accessed August 2017) for (a) keywords = “instream
flows”, (b) keywords = “environmental flows”, (c) direct citations for Tharme (2003) River Research and
Applications, and (d) direct citations for Poff et al. (2010) Freshwater Biology

Acknowledgement of the natural dynamic nature of environmental conditions (e.g. climate, temperature,
etc.) and ecological features (e.g. spread of non-native taxa) represents the recent shift in environmental
flows research (Poff et al., 2017; Poff, In press). To date, most approaches do not explicitely
acknowledge the natural non-stationarity, for example focusing only on flow as a driver or using static
flow statistics. Developing sustainable environmental flow frameworks requires directly incoporating
natural shifts in environmental conditions.

1.3 Environmental flows in Canada

Consideration of environmental flow requirements is indirectly mandated by Federal legislation via the
Canadian Environmental Assessment Act (CEAA; Government of Canada, 2012), which prohibits
activities causing an environmental effect, whether defined through the Fisheries Act, Species at Risk
Act, Migratory Birds Convention Act, or other specific conditions outlined in the CEAA. Additionally,
despite a recent DFO Scientific Advisory recommendation for the assessment of ecological flow
requirements to support fisheries (DFO 2013), currently no Federal guidelines incorporate environmental
flows in Canada to safeguard the wellbeing of aquatic life in general (i.e. not only fish) and maintain the
ecosystem integrity (Peters ef al., 2012). At the provincial and territorial level, environmental flow
regulations and policies are being proposed (e.g. Water Act in Prince Edward Island and Water
Sustainability Act in British Columbia) or explored (e.g. recent recommendations proposed in New
Brunswick; Armanini et al., 2015), but lack of legislation at either the Federal or provincial and territorial
levels highlights the inconsistent protection of freshwater ecosystems across Canada.
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Adaptive adjustments

Figure 3: Flow diagram summarising the steps within the ELOHA framework (Poff et al., 2010)
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1.4 Application of the ELOHA framework for the Saint John River

With three mainstem hydropower facilities and many tributary hydrological controls, the Saint John River
provides an excellent regional case study for the development and future refinement of a holistic
environmental flows framework. ELOHA offers a flexible, scientifically defensible approach for broadly
assessing environmental flow needs when in-depth, reach-scale studies cannot be performed for all rivers
in a region (Poff et al., 2010; Linnansaari ef al., 2012). The approach builds upon existing knowledge and
data by synthesising the information using a systematic approach, and applies that knowledge to large
spatial scales, such as large watersheds. ELOHA comprises scientific (Steps 1 - 4) and societal
components (Step 5) (Figure 3):

1. Hydrological foundation
A database of daily hydrological data are developed (e.g. via WSC HYDAT) for reference and
impacted systems both pre- and post-development. The length and quality of records are assessed
with a minimum of 20 years of data, recommended to account for natural temporal variabiliy. If
data are not available via recorded measurements, then predictions are made using the best
models available.

2. River classification
Rivers or river segments are classified based on similarity of hydrological regimes using
ecologically-relevant flow statistics. These classifications are refined using key geomorphological
features that define the physical habitat features.

3. Flow alteration
The degree of alteration, expressed as percentage deviation of developed-condition flows from
baseline-condition flows, are calculated for a core set of flow variables. These variables could be
used for future water management targets.

4. Flow-ecology linkages
Pairing data with expert judgement, flow-ecology linkages are developed by associating the
extent of hydrological alteration with biotic or habitat responses. These linkages are developed
for each river type using a variety of flow statistics and ecological endpoints. Where available,
data are used to validate the proposed linkages.

5. Establishing environmental flow standards with subsequent monitoring and adaptive
management
The societal component draws upon outputs from three steps: (i) determining the acceptable
ecological condition according to societal values; (ii) identifying flow targets to meet that
ecological condition; and (iii) incorporating these flow targets into the broader water planning
and monitoring framework. Based on scientifically credible data provided in steps 1 - 4, the
societal component is inherently flexible, drawing upon extensive stakeholder engagement to
balance the tradeoffs between the water needs and ecological condition.

1.5 Development of proposed environmental flows framework for the Saint John River

This project was completed under the Mactaquac Aquatic Ecosystem Study (MAES) through the
Canadian Rivers Institute (CRI), University of New Brunswick, to provide scientific information to
support NB Power in identifying and developing the preferred option for the future of the Mactaquac
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Generating Station (MGS). Using a large amount of existing information, historically-collected field data,
peer-reviewed literature, knowledge from local, national, and international experts, and the collection new
and critical information, we developed a holistic environmental flows framework for the Saint John River,
with a focus on operations at the Mactaquac Generating Station. However, with additional work this
could be applied to other locations within the watershed. Steps 1 - 4 were completed for this project, and
Step 5 will be required for the final implementation of the framework. Further, the focus of an ELOHA
approach is at the broader spatial (watershed- or regional-scale) and temporal (inter-day, inter-season and
inter-year) and our initial approach does not consider site-scale, intra-day processes associated with the
flow variability of hydropeaking. These finer scale processes can be explored at core sites (e.g.,
downstream of MGS) using higher resolution data (e.g., flow-habitat models and directed field studies).
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2. Characterising the watershed using hydrological patterns and identification of
major river types

2.1 Background

The Saint John River (Saint John River) is 673 km in length with 36% of its 55,000 km? catchment in
Maine (USA), 13% in Québec and the remaining 51% within New Brunswick (Figure 3; Cunjak &
Newbury, 2005). The highest elevation of the Saint John River is 820m (Figure 4), and its watershed is
characterised by seven CELCS ecoregions (Appalachians, Northern New Brunswick Highlands, New
Brunswick Highlands, St. John River Valley, Southern New Brunswick Uplands, Maritime Lowlands and
Fundy Coast), and five Maine biophysical regions (Aroostook Hills, Maine - New Brunswick Lowlands,
Boundary Plateau, Aroostook Lowlands and Saint John Uplands) (Kidd, Curry & Munkittrick, 2011).

A= Mainstem and major tributaries Elevation :l =200m I:| =500m - =800m

w Saint John River walershed - =0m ‘ | =300m l ] =600m | | =000m

[ = 100m [ ] >a00m [ »700m [ | >1000m
AR G

Figure 4: Elevation of the Saint John River watershed. Elevation data from CGIAR-CSI SRTM 90m (Jarvis et al.,
2008)

Within the watershed, there are over 200 dams and water control structures, more than 100 sources of
municipal wastewater, more than 70 non-municipal effluent sources, 15 sawmills and pulp and paper
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mills, and 21 food processing facilities (Kidd et al., 2011). Eleven of the dams are for hydroelectricity,
with three on the mainstem: Grand Falls (head = 39.9m, constructed in 1928), Beechwood (head = 16.7m,
constructed in 1957) and Mactaquac (head = 36.6m, constructed in 1968) (Figure 5).

e 47°30'0"N

1 Beechwood 7 Scopan

2 Caribou 8 Seccond Falls

3 Edmundston 9 Sisson

4 Grand Falls 10 Tinker

5 Hargrove 11 Tobigue Narrows
- 6 Mactaquac 0 50 100 km

[ F45°0’0"N
T
70°0'0"W 67°30'0"W 65°0'0"W

Figure 5: Hydroelectric dams in the Saint John River watershed greater than 10m in height. Data sources.: Natural
Resources Canada and Maine Office of Geographic Information Systems (MEGIS).

2.2 Hydrology

2.2.1 Seasonal variability

The Saint John River has a mean annual discharge of ~1100 m? s™!, with a dominant peak associated with
the Spring freshet and a secondary rainfall-driven peak in the Fall (Figure 5; Cunjak & Newbury, 2005).
Low flows occur during the Summer months and also during Winter, under ice-dominated conditions,
with periodic rainfall and warming events leading to limited ice break-up (Figure 6).
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Figure 6: Median (dark blue line) daily water level (m) for 01AK003 Fredericton hydrometric gauge, with maximum
and minimum values for each hydrological day, from 1929 - 2015. Hydrological year runs from Day 1 (1st October)
to Day 365 (30" September).

2.2.2  Extreme high and low flows

Most flooding events in New Brunswick are associated with heavy rainfall (43%) and combined causes
(e.g. snowmelt, ice jams and rainfall) (35%) (Environment Canada). Within the Saint John River
watershed, extreme high flow events are primarily associated with the Spring freshet (e.g. Figure 6 and
Figure 7). Winter flooding is usually linked to rainfall and warming events (e.g. December 2010 and
February 1970) as ice jam-related flooding has not occurred in Fredericton since the construction of the
Mactaquac Generating Station. Although often limited by spatial extent because water levels are naturally
low, Summer and Fall flooding can be associated with post-tropical storms.
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Figure 7: Maximum water level recorded at 01AK003 Fredericton hydrometric gauge.. Blue dashed line represents
the average annual maximum water level, grey dashed line represents the average annual water level (m)

Three mainstem hydropower facilities within the Saint John River are operated using run-of-the-river
approaches allowing for relatively natural extreme high and low flows with the exception of the
Mactaquac Generating Station, which operates a minimum flow to maintain attraction flows for fish
trapping (NB Power, personal communication, 2016). Extreme low flows are typically observed during
the end of the Summer (e.g. August 1953, September 1931 and October 1947), with the lowest value of
0.34m recorded in early September 1931 (Figure 6).

2.3 Quantifying flow alteration in the Saint John River

Although operated as run-of-the-river, operations at Mactaquc Generating Station rapidly ramp intraday
flows to meet energy demands (e.g.

Figure 8). However, analyses supporting the development of environmental flows frameworks generally
focus on intra- and inter-annual variability (Figure 9) rather than the short-term diurnal variation (i.e.
hydropeaking).
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Figure 8: Water level (m) recorded at 5 minute resolution for 01AK003 Fredericton hydrometric gauge.

1 2 3 4 1. Grand Falls (1928 - 1931)
9 2. Tobique (1953)

3. Beechwood (1957 - 1962)
4. Mactaquac (1968 - 1980)
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Figure 9: Daily mean water level for the 01AK003 hydrometric gauge (Fredericton). Date of construction and
implementation of the three mainstem dams (Grand Falls, Beechwood and Mactaquac) and a major tributary dam
(Tobique) are indicated.

While it is important to incorporate the concept of non-stationarity into any environmental flows
framework to account for the shifting natural baseline under the current rate of global change (Poff ef al.,
2017; Poff, in press), comparisons between historial and current hydrological conditions provide a needed
benchmark for the system’s state of flow alteration and also provide the context for any future flows
comparisons. The current state of mainstem flow alteration was assessed paired Water of Survey gauges
(01ADO002 Fort Kent and 01 AK003 Fredericton) with extensive flow records (1929 - present). The Fort
Kent gauge represents upstream reference conditions as it is located above the three mainstem
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hydropower facilities, while the Fredericton gauge is downstream of the impoundments. Although they
report different components (water level and discharge), components of the hydrolgoical regime were
explored across three different timeframes: (i) post-Grand Falls but pre-Beechwood and Mactaquac, (ii)
post-Grand Falls and Beechwood but pre-Mactaquac, and (iii) post-Grand Falls, Beechwood and
Mactaquac (Figure 10a and b). Comparison across these three time frames allowed for both spatial
(reference vs. impacted) and temporal (pre- vs. post-developments).

Thirty-three hydroecological variables, known as the Indicators of Hydrologic Alteration (IHA), were
identified by Richter et al. (1996) and represent ecologically important flow-regime components. The
IHA variables quantify five ecological facets of the hydrological regime: (i) magnitude of monthly water
conditions; (ii) magnitude and duration of extreme water conditions; (iii) timing of annual extreme water
conditions; (iv) frequency and timing of high and low pulses; and (v) rate and frequency of flow reversals.

The degree of flow alteration was quantified via the Range of Variability Approach (RVA) across
identified groups (e.g. pre- vs. post-development) (Richter ef al., 1998). The RVA analysis assesses
whether different flow variables for the post-impact period attain the targeted range at the same frequency
that occurred in the pre-impact flow regime. For example, attainment in a range defined by the 25™ and
75™ percentile values would be expected in only 50% of the years. The degree to which a RVA target
range is not attained is a measure of flow alteration (Richter ef al., 1998). Hydrological alteration is equal
to 0 when the observed frequency of post-impact values match the expect frequency of the target. A
positive deviation indicates that the annual parameter frequency occurred more often than expected, while
a negative deviation indicates that the annual parameter frequency occurred less often than expected
(Richter et al., 1998).
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Figure 10: Average annual hydrographs for three core time frames: (i) post-Grand Falls but pre-Beechwood and
Mactaquac, (ii) post-Grand Falls and Beechwood but pre-Mactaquac, and (iii) post-Grand Falls, Beechwood and
Mactaquac for (a) 01AK003 Fredericton hydrometric gauge (measured in water level, m) downstream of all three
mainstem structures and (b) 014D002 Fort Kent hydrometric gauge (measured in discharge, m’ s”') upstream of all
three mainstem structures.

The RV A approach was applied to compare the post-Grand Falls, pre-Beechwood and pre-Mactaquac
period (T1) with the post-all dams (T2) between the reference gauge (e.g. Fort Kent, WSC 01AD002) and
the impacted gauge at (e.g. Fredericton, WSC 01AKO003). For the Fredericton gauge, twenty-six variables
demonstrated increased frequency of occurrence in the high category between T1 and T2, representing an
increase in these variables, for example increases in minimum water levels and increased variability
(number of reversals) (Figure 11a). Five variables demonstrated an increase in the frequency of
occurrences in the low category, representing the count and duration of flow pulses (Figure 11a). Twenty-
two of the available variables for T2 period were significantly higher (hydrologic alteration value >1)
than T1. By comparison between T1 and T2, the Fort Kent gauge presented minimal flow alteration with
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similar (but muted) patterns in the monthly median flows, but limited variation in both minimum and

maximum flows (Figure 11b). None of the variable categories were significantly altered (all hydrologic
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Figure 11: Hydrologic alteration values calculated through The Nature Conservancy's Indicators of Hydrologic
Alteration software to compare post-Grand Falls pre-Beechwood and Mactaquac (T1) with post-dams (T2) for (a)

014AKO003 Fredericton hydrometric gauge and (b) 01AD002 Fort Kent hydrometric gauge
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3. Defining components of the watershed

3.1 Defining flow components

Identifying flow components that integrate seasonal and inter-annual hydrological variability are used for
designing the final framework and for long-term monitoring (Mathews & Richter, 2007). These variables
should represent both static (e.g. fixed, long-term median) and dynamic (e.g. frequency of events)
components to acknowledge the natural, non-stationarity of these systems (Poff et al., 2017; Poff, In
press). Four key flow components were identified representing: (i) seasonal flows; (ii) low and extreme
low flows; (iii) high and extreme high flows; and (iv) ice-affected flows. These flow components vary
seasonally and are expected to alter in terms of magnitude, duration, frequency and timing under future
climate conditions, and examples are provided below.

3.1.1 Fall

e Trophic position of aquatic insect predators (e.g. dragonflies) change with seasonal low flows

e Higher duration of seasonal flows supports higher channel stability, increasing dominant taxa and
primary and secondary biomass

e Seasonal flow variability linked to fish community can induce seasonal trophic cascades
(variability between native and non-native trophic differences)

e Amplitude, frequency, and duration of high flows determine variability of turbidity in the water
column

e High flows changes inundate riffle habitats, leading to habitat homogenisation and
geomorphological changes in islands, altering the distribution of aquatic insects across the
different life stages

e Reciprocal subsidy timing and magnitude are linked with terrestrial food sources

High Fall flows are important for sediment distribution following Summer stable low flows. However,
these higher flows can create shoreline instability via erosion, directly affecting edge habitats or fine
sediment movement, which can damage fish gills and affect spawning habitats (Lisle 1989, Bilotta and
Brazier 2008, Palmer et al. 1995, Crosa et al. 2010, DFO 2000, Garric et al. 1990, Soulsby et al. 2001).
Additionally, connectivity among habitats (e.g. between tributaries and riparian wetlands and floodplain
forests) can be altered or reduced during seasonal low flows (Sedell ef al. 1990). This can lead to
population fragmentation and thermal stress, particularly in cool and cold reaches where surface water
habitat decreases for fish and benthic macroinvertebrates (Sedell et al. 1990, Suren and Jowett 2006).
Delays in seasonal Fall flows could thus delay or prevent trout and salmon spawning, or result in
spawning in lower quality habitats.

3.1.2 Winter

e Higher duration of seasonal flows supports higher channel stability, increasing dominant taxa and
primary and secondary production

e Seasonal flow variability linked could induce seasonal trophic cascades within the fish
community (variability between native and non-native trophic differences)
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e Reciprocal subsidy timing and magnitude influence terrestrial food sources

Ice forms and ice accumulation can differentially impact habitats; for example, frazil and anchor ice and
ice jams decrease access to suitable habitats. Although increases in water level due to ice jam flooding
scour vegetation of the riparian zone, it allows the direct exchange of nutrients between terrestrial and
aquatic habitats. Ice processes and associated increases in water level during break-up can erode riparian
and edge habitats, leading to the loss of spawning beds, changes to benthic habitats, and sediment
distributions. Ice break-up causes large sediment displacement, increasing juvenile fish mortality due to
physical damages (Bilotta and Brazier 2008, Palmer et al. 1995, Crosa et al. 2010, DFO 2000, Garric et
al. 1990, Soulsby 2001). A number of ecological processes are cued to the timing of ice break-up (e.g.
reproduction and migration cues), which can directly affect emergence of invertebrates and may facilitate
the spread of invasive fish species.

3.1.3 Spring

e Higher duration of seasonal flows supports higher channel stability, increasing dominant taxa,
and increasing primary and secondary production

e Seasonal flow variability could induce seasonal trophic cascades of fish (variability between
native and non-native trophic differences)

e Amplitude, frequency, and duration of high flows determine variability of turbidity in the water
column

e High flows inundate riffle habitats, leading to homogenisation of the aquatic habitat

e High flows determine geomorphological changes in islands, altering the distribution of aquatic
insects across the different life stages

o The frequency and amplitude of Winter melts and Spring ice breakups influences vegetation,
invertebrates, and fish

¢ Timing and magnitude of reciprocal subsidies influences terrestrial food sources

Spring flows are critical for habitat structure and maintenance following the Winter (characterised by
relatively stable ice-affected flows). High flows during Spring are associated with bank erosion, sediment
transport, and channel widening, favouring shoreline instability (Lisle 1989). These changes in the river
morphology promote the creation and loss of potential habitat for different species and the connectivity
among habitats. When a reduction in magnitude and duration of Spring high flows occurs, connectivity is
compromised and specific drought tolerant wetland taxa are favoured (e.g. Brown bullhead). Conversely,
with extended high flows, the load of downstream sediments can affect fish gills and spawning habitats
(Lisle 1989, Bilotta and Brazier 2008, Palmer et al. 1995, Crosa et al. 2010, DFO 2000, Garric et al.
1990, Soulsby 2001). Extended periods of low flows during Spring can significantly affect the
connectivity (particularly lateral connectivity), causing isolated patches within headwaters, large
tributaries, and riparian wetlands and floodplain forests. The consequences are the fragmentation of the
population and the creation of thermal stress, as well as the reduction of habitat quality for salmonids or
benthic macroinvertebrates (Suren and Jowett 2006).
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3.1.4 Summer

e Trophic position of aquatic insect predators (e.g. dragonflies) change with seasonal low flows

e Higher duration of seasonal flows supports higher channel stability, increasing dominant taxa and
primary and secondary biomass

e Seasonal flow variability could induce seasonal trophic cascades of fish (variability between
native and non-native trophic differences)

e Timing and magnitude of reciprocal subsidies are linked with terrestrial food sources

e Magnitude, duration, and extent of low flows determine the threshold exceedance and differential
mortality of various fish and benthic macroinvertebrate species

The magnitude and duration of low flow events during Summer affects water quality, sediment deposition
and mobilization, and water temperatures. Increased water temperatures decrease the availability of
dissolved oxygen, creating poor conditions for ecosystem functioning (for example, increase metabolism,
and stress, competition and local extinction of species). Increased water temperatures also highlight the
importance of maintaining thermal refugia for cold- and cool-water fish (e.g. access to riparian wetlands)
used for thermoregulation and spawning areas (e.g. trout and salmon) (Sedell ef al. 1990). Additionally,
low flows of extended duration and magnitude lead to shifts in benthic macroinvertebrate community
structure (i.e., decrease grazers and shredders, increase in diversity of generalists). Extended low flow
duration during Summer can restrict habitat connectivity allowing tolerant vegetation to expand reducing
available habitat. The limited habitat can expose lentic invertebrate species and increase shorebird/fish
predation that could lead to local extirpation or decrease in growth rate.

High base flows in Summer promote greater benthic macroinvertebrate diversity due to increased
available habitat (Lisle 1989). Indeed, loss of periodic, high flows in Summer may exacerbate the
accumulation and deposition of fine sediments (e.g. substrate clogging) and siltation in pools during late
Summer and early Fall, threatening interstitial benthic macroinvertebrates and fish spawning habitats
(Lisle 1989, Bilotta and Brazier 2008, Palmer et al. 1995, Crosa et al. 2010, DFO 2000, Garric et al.
1990, Soulsby 2001).

3.2 Identification of the major habitat types within the Saint John River watershed

Broad habitat types are identified through the ELOHA framework to help refine flow-ecology and
temperature-ecology response associations (Poff et al. 2010). The habitat classification ensures tailored
flow recommendations for each habitat type. Six major habitat types were identified within the Saint John
River watershed following extensive discussions between experts and stakeholders during Workshop 1
and subsequent follow-up analyses (Figure 12): (i) floodplain forests, (ii) riparian wetlands, (iii) large
tributaries and mainstem rivers, (iv) medium tributaries, (v) cold and cool headwater streams and small
tributaries, and (vi) mainstem islands.
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Figure 12: Schematic identifying the longitudinal and lateral connections among the major draft habitat types
identified in the Saint John River watershed.
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3.2.1 Headwater and small tributary habitats [including cold- and cool-water reaches]

Headwater and small tributary habitats are defined as streams with drainage areas less than 20 km? and
250 km?, respectively. Their small drainage areas make them highly dynamic in terms of network and
channelization, with stream channels often poorly defined. Assemblages usually comprise taxa adapted to
high-energy, flowing waters. Cold- and cool-water habitats are crucial for spawning and rearing habitats
for key taxa, providing refuge during high temperature events. These habitats are characterised by highly
dynamic hydrological responses, with relatively frequent high pulse events (e.g. at 01 AK007 Nackawic
Stream, 83 flow reversals/year (coefficient of dispersion = 0.148) and 10 high pulse events per year
(coefficient of dispersion = 0.636) in 01AKO007; Figure 13). Annual low flows occur in late Summer,
while the annual peak is associated with Spring melt.
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Headwaters and small tributary: 01AK007 Nackawic Stream near Temperance Vale (1970 - 2011)
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Figure 13: Example hydrograph for the headwaters and small tributary habitat group (01AK007 Nackawic Stream
near Temperance Vale).

3.2.2  Medium tributaries [including cold- and cool-water reaches]

Medium tributary habitats are defined as rivers with a drainage area less than 1500 km?. Within the Saint
John River watershed, these habitats are characterised by perennial hydrological conditions with well-
defined stream channels and high geomorphological complexity. Lower reaches may present some
floodplain and wetland development. Areas of cold- and cool-water habitats are critical for spawning and
rearing habitats for key taxa, especially for diadromous species, providing refuge during high temperature
events. Taxa associated with medium tributaries habitats are adapted to both low and high energy flowing
waters. These systems are typically hydrologically similar to smaller catchments, with some hydrological
buffering (e.g. for 01 AL002 Nashwaak River at Durham Bridge - 90 flow reversals/year (coefficient of
dispersion = 0.15) and 10 high pulse events/year (coefficient of dispersion = 0.50); Figure 14). Annual
low flows occur in late Summer, while the annual peak is associated with Spring melt.
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Medium tributary: 01AL002 Nashwaak River at Durham Bridge (1970 - 2012)
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Figure 14: Example hydrograph for the medium tributary habitat group (01AL002 Nashwaak River at Durham

Bridge).

3.2.3  Large tributaries and main channel habitat

Large tributary habitats have a drainage area less than 2500 km? and are paired with main channel
habitats. These systems demonstrate perennial hydrological conditions, with highly diverse stream

channel structure and morphology, including margins, islands, and backwater habitats. These habitats are

associated with expansive floodplains and riparian habitats, and are often influenced by flow abstraction,

flood control, and hydropower operations (Figure 15 and Figure 16).
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Figure 15: Large and medium tributary habitats within the Saint John River watershed.
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Large tributary and mainstem: 01AG003 Aroostook River near Tinker (1976 - 2012)
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Figure 16: Example hydrograph for the large tributary and mainstem habitat group (014AG003 Aroostook River near
Tinker).

3.2.4  Mainstem island habitats

Mainstem island habitats are unique habitats within the hydrological network, with direct linkages to flow
regime variability. They constitute a hydrologically-complex habitat mosaic within the main channel and
are therefore susceptible to loss of habitat with the development of hydropower and flood control.
Mainstem island habitats provide refuge for both aquatic and terrestrial taxa as well as edge rearing
habitat for key taxa. They also contribute to habitat complexity along the Welastekw River providing it
with more than 186 km of additional shoreline habitat (Cunjak et al., 2011).

3.2.5 Riparian wetlands and floodplain forests

Riparian wetlands are low gradient systems strongly connected with the main river and its tributaries that
act as lateral connectors between riparian and aquatic habitats as sinks and sources for sediments and
nutrients. Depending on their connectivity to the main aquatic system, they can help attenuate flood
pulses serving as a critical refugia. Riparian wetland communities are highly diverse with taxa often
associated with low-flow and stagnant waters. Additionally wetlands represents a critical area for feeding,
spawning, and rearing key taxa.
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Floodplain forests are associated with terrestrial, riparian, and aquatic habitats, being intimately linked
with wetlands and the main channel by periodic high flows. Silver Maple floodplain forests are limited in
their extent across Atlantic Canada and so their occurrence is of critical importance in the Saint John
River watershed. These ecosystems are stable habitats supporting unique and high biodiversity, including
rare taxa. Due to their high edge:interior ratio, floodplain forests are highly susceptible to invasions by

non-native species.
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4. Exploring ecological response to flow variability

4.1 Identification of core biotic components

Expert participants at Workshop 1 and follow-up meetings identified core taxa groups influenced by
changes in the hydrological conditions of the Welastekw River. These were supplemented with G1/T1
(critically imperiled) - G4/T4 (apparently secure) local taxa through the Global Conservation Status
Ranks available through NatureServe. Four core taxonomic groups were identified (fish, benthic
macroinvertebrates, vegetation, and mussels) and explored further via a detailed literature review to
determine how they are impacted by flow alteration and altered connectivity. Flow needs and flow-
ecology/temperature-ecology linkages associated with additional taxonomic groups (e.g. terrestrial

amphipods, waterfowl, migratory birds) were broadly summarised.

4.1.1 Fish
Winter
e  Winter high flows could increase fine sediment movement, leading to scouring and habitat
change critical for fish eggs and larvae
o Increase in frazil and anchor ice negatively affects fish overwintering habitat
e Extended low flows during Winter can reduce oxygen (particularly under ice), availability of
overwintering habitat, and increased effects of ice scour
e Ice cover (duration and extent) provides critical habitat refugia for some fish (e.g. brook trout)
o Extended duration of extreme low or high flows can cause loss of suitable habitat for cold- and
cool-water taxa (e.g. brook trout)
e Ice scouring flows shift channel bed morphology with scouring of redds
Spring
e High flows flush fine sediments and move larger sediments to maintain habitat for salmonids and
some cyprinids
e Seasonal flows determine access to spawning habitats and maintain connectivity
e Spring flow variability affects habitat availability with key peak Spring flows needed for
spawning habitat creation and connectivity
Summer

During warmer Summers, the magnitude, duration, and extent of low flows determines the
threshold exceedances for fish (particularly cool- and cold-water species)

Sustained low flows in Summer promote deposition of fine sediments, reducing interstitial habitat
space and diversity for fish

Increased water temperatures during Summer low flow events negatively affect thermally-
sensitive taxa with movements to cooler, more optimal habitats (i.e. cold- and cool-water reaches)
Seasonal flows determine access to spawning habitats and maintaining connectivity
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e Extreme low flows result in isolation of stream sections or small channels, which could strand
taxa in areas of high heat stress

o Extended low flows in Summer lead to loss of shallow riffle habitats, potential loss of thermal
refugia, and decrease in water quality

Fall
o Higher Fall flows flush fine sediments and redistribute larger sediments to maintain habitat for
salmonids and some cyprinids
e Seasonal flows determine access to spawning and rearing habitats and maintaining connectivity
e High flows provide access to spawning habitat
o Extreme low flows can isolate stream sections or small channels, which could strand taxa in areas
of high heat stress

4.1.2 Key elements

The link between components of aquatic communities and the hydrological regime has been explored
across numerous studies (e.g. Poff and Zimmerman, 2010). For example, fish are sensitive to changes in
flow regime: abundance, structure, and diversity were negatively affected by both reduction in discharge,
and increases and decreases in high flow events (Webb et al. 2013). Flow velocity, turbidity, temperature,
and the presence or loss of species can all influence fish communities (Copp 1990, Stanford and Ward
1986, Zhong and Power 1996, Bunn and Arthington, 2002). Changes in flow cause longitudinal and
lateral discontinuities river connectivity, leading to losses in migratory fish species (Dauble and Geist
2000, Kareiva et al. 2000) or reductions in the frequency and duration inundation of floodplain habitats,
decreasing the spawning area of riverine species (Geddes and Puckridge 1989).

Comparisons of fish assemblages between natural and flow-regulated rivers demonstrate shifts in
structure and diversity. For example, Bain et al. (1988) compared the fish community and habitat
relationship in both a natural and a regulated river with artificial short-term fluctuations; fish adapted to
low water depth and low current velocity were eliminated from these habitats in sites with large
fluctuations in flow. Further, significant negative effects on brook trout (Salvelinus fontinalis) were
observed with extreme daily fluctuations for an Ontario river using simulations of short term fluctuations
in river discharge (Curry et al. 1994). These results may be species-specific, as only minimal effects on
brown trout were observed in response to hydropeaking (Bunt et al., 1999). In additional to structural
changes, behavioural responses have been observed for specific taxa, i.e. Atlantic salmon (Salmo salar)
and Brook trout, among different seasons (Scruton ef a/. 2003). Homogenisation of habitat patches can
reduce diversity, particularly by affecting the survival of juvenile fish. Effects on older age classes,
however, are not clear, with minimal seasonal effects noted on fish communities (e.g. Bradford et al.
2011; Smokorowski ef al., 2011). A loss of lateral connectivity with the floodplain can negatively affect
spawning, rearing, and development of juvenile fish. Altered flows decrease native species and increase
non-native species richness in regulated flow regimes.
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The Saint John River basin is highly diverse in fish species, with 75 species recorded, of which nine are
diadromous, five are introduced and non-native, and five are marine (Kidd ez al. 2011):

e Diadromous species: Shortnose sturgeon, Alewife, American eel, Atlantic salmon, Atlantic
sturgeon, Atlantic tomcod, Blueback herring, Rainbow smelt, Sea lamprey, and Striped bass.

e Introduced non-native species: Brook trout, Central mudminnow, Chain pickerel, Muskellunge,
and Rainbow trout.

e Marine species: Atlantic menhaden, Atlantic silverside, Mummichog, White hake, and Yellowtail
flounder.

Within this taxa list, we grouped target species (species at risk and sentinel species) with similar life
history strategies and traits in order to show how changes in flow condition influence these indicator
species. Common traits included body size, home range, habitat association, feeding habit, preference of
flow velocity, and thermal niche (Table 1, Table 2 and Appendix 2).

4.1.3  Examples of target fish within different life history strategies and traits

Cold- and cool-water fish: Brook trout (Salvelinus fontinalis) are sensitive to extreme flows (EBTJV
2008), and require stable water flows with low current velocities of less than 15cm/s (Raleigh 1982).
Changes in flow reduce habitat availability (EBTJV 2008) and lead to changes in water temperature.
Another limiting factor is the availability of suitable overwintering areas: Raleigh (1982) stated that >25%
and >15% of ice-covered area is needed for sustaining adult and juveniles, respectively.

Nest building fish: Redbreast sunfish (Lepomis auritus) spawn between May and August when
temperature ranges between 20-25°C in shallow waters (COSEWIC 2008a, Aho et al. 1986). Nests,
constructed as a dense vegetative mat, are attached to spawning substrates of coarse sand to fine gravel,
located in low current locations, and guarded by males (COSEWIC 2008a, Aho ef al. 1986). Fry are
associated with vegetation cover, which provides them with food and shelter. Adults live in warmer
waters (Aho et al. 1986). In Winter, they congregate in deeper waters and remain inactive under ice until
Spring (COSEWIC 2008a). In Canada, redbreast sunfish is a species of special concern (COSEWIC
2008a).

Resident fish with defined spawning migrations: White sucker (Catostomus commersonii) spawn
between Spring and early Summer, and they are temperature dependent: spawning starts when
temperature is 10°C and stops at 18°C. White sucker move upstream from lentic waters to shallow riffles
with coarse sand or gravel substrate and moderate velocities. Preferable habitats are shaded by trees on
the bank or by overhanging grass, weeds, and shrubs. Presence of logs and brush is also preferred, since
they provide shelter from faster current velocities (Twomey et al. 1984). The white sucker is a sentinel
species.

Pool associate species: Atlantic salmon (Salmo salar) require clear, cool, well-oxygenated waters for
reproduction and rearing (COSEWIC 2010). Fine sediment can clog the interstitial spaces in redds,
reducing oxygen availability for eggs during a long incubation period (Stanley and Trial 1995, Bardonnet
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and Bagliniére 2000). Wet winters and availability of overwintering habitats (lakes, large pools, complex
river channels) enhance survival of multi-sea-year adults (Bardonnet and Bagliniére 2000). Atlantic
salmon is considered a sensitive species in the provincial legislation of New Brunswick, and the
population of the Outer Bay of Fundy Designatable Unit (associated with the Saint John River) is listed as
endangered under COSEWIC (COSEWIC, 2010).

Diadromous fish: American eel (4nguilla rostrata) can indicate habitat integrity because it is a top
aquatic predator and is considered a species of special concern in Canada (COSEWIC 2012a). Growing
eels are benthic (rock, sand, and mud) and use bottom debris (wood and vegetation) for protection. The
American eel require mud and cobble bottoms for overwintering (COSEWIC 2012a).

Shortnose sturgeon (Acipenser brevirostrum) is classified as species of special concern due to its limited
presence in Canada (COSEWIC 2005). Preferences for spawning, occurring from April to mid-June after
peak Spring flows (i.e., rain events or reglated high discharge flows), include high flow rates (COSEWIC
2005, Kynard 1997, Crance 1986).

Atlantic sturgeon (Acipenser oxyrinchus) prefers fast-flowing water during its spawning period,
occurring from May to July (Musik 2005). Inflow of freshwater is directly related to Summer suitable
area for Atlantic sturgeon (Niklitschek and Secor 2005).

Striped bass (Morone saxatilis), a threatened species in Canada (COSEWIC 2012b), are associated with
riffle habitat. In Fall, they migrate from marine ecosystems to estuaries or freshwater habitats to
overwintering in order to avoid low Winter ocean temperatures; during this period, young-of-the-year
stop feeding (temperature threshold: <10°C). Striped bass migrate from freshwater to brackish water in
Spring (May-June) to spawn, triggered by an increase of temperature (10-15°C) (COSEWIC 2012b).
They spawn in riverine habitats, closely associated with the upper estuary (Bain and Bain 1982). The
greater the river discharge (% of natural flow), the more spawning habitat suitability, but rapid
fluctuations in stream flow are detrimental for spawning (Bain and Bain 1982). Striped bass release eggs
close to the surface of the water and leave them to disperse freely in the water column (Bain and Bain
1982, COSEWIC 2012b). A critical factor for egg survival is sufficient current velocity to maintain egg
suspension in the water column (a minimum of 30 cm/s is required) (Bain and Bain 1982). The most
critical period is for juveniles and 0+ individuals: high flow conditions, usually occurring between
December and March, can displace juveniles downstream to unfavourable sites. In addition, mean water
temperature is related to growth, alteration of metabolism rates, and availability of food for age 0+
individuals (COSEWIC 2012b).

Vegetation spawners: Yellow perch (Perca flavescens) prefer moderate amounts of vegetation for cover
and spawning habitat; eggs are laid near aquatic or inundated terrestrial vegetation. They are found also in
suitable riverine areas that resemble lacustrine habitats: pools and slack water areas with moderate
amounts of vegetation (>20% of the area). Yellow perch are also found in brackish water, but require
freshwater for spawning (Krieger ef al. 1983). The spawning migration from deep waters to tributaries or
low velocity areas occurs in April-June, when the temperature range is 7-13°C. Adults must be exposed to
an extended period of cold water temperatures for gonad maturation (maximum water temperature 10°C).
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Table 1. Taxonomic groups, example species, and some shared traits within each fish group in the Saint John River.

Taxa group

Shared traits for fish groups

Body size, home range, habitat association, feeding
habit, velocity, and thermal niche

Cold- and cool-water fish, e.g. Brook trout
(Salvelinus fontinalis), Brown trout (Salmo
trutta), Slimy sculpin (Cottus cognatus)

Presence limited by low temperature thresholds.
Sensitive to decreases in dissolved oxygen or
increases in turbidity.

Riffle associate fish, e.g. Slimy sculpin
(Cottus cognatus), Blacknose Dace
(Rhinichthys atratulus)

Small-bodied fishes, and moderate to fast velocity
flow specialists. Riffle-run habitat.

Nest building fish, e.g. Creek chub
(Semotilus atromaculatus), Redbreast sunfish
(Lepomis auritus), Smallmouth bass
(Micropterus dolomieui)

Sensitivity to flow conditions during nest building,
spawning, and egg and larval development. Diverse
nesting strategies within this group.

Resident fish with defined spawning
migrations, e.g. White sucker (Catostomus
commersonii)

Moderate-to-large home range species, requiring
connectivity between mainstem and small river
habitats during spawning migrations. Require
moderately deep habitats, especially during Winter.

Pool associate species, e.g. adult Atlantic
salmon (Salmo salar), White sucker
(Catostomus commersonii)

Large-bodied fish occupying deep, slow-moving
bodies of water

Diadromous fish, e.g. American shad (4/osa
sapidissima), American eel (Anguilla
rostrata), Atlantic salmon (Salmo salar),
Shortnose sturgeon (Acipenser brevirostrum),
Striped bass (Morone saxatilis)

Large-bodied fish requiring connectivity between
mainstem and tributary habitats for spawning and
nursery habitat or require specific flow conditions to
ensure successful egg development. Migration cued
by temperature and rising water levels.

Vegetation spawners, e.g. Yellow perch
(Perca flavescens), Chain pickerel (Esox
niger), Muskellunge (Esox masquinongy),
Golden shiner (Notemigonus crysoleucas)

Fish relying on either Spring flows to flood emergent
vegetation for spawning or inundated macrophytes or
filamentous algae for spawning in Summer months.
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Table 2. Taxonomic groups, example species, and associated habitat types, within each fish group in the Saint John River

Headwater

and small Medium tributaries

tributaries Large

tributaries Island Riparian Floodplain
Taxa group . .
Cold-and Cold-and and main habitats wetlands forests
Typical channel
cool-water  cool-water
reach
reaches reaches

Cold- and cool-water fish e¢.g. Brook trout (Salvelinus fontinalis), . R
Brown trout (Salmo trutta), Slimy sculpin (Cottus cognatus)
Riffle obligate fish e.g. juvenile Atlantic salmon (Salmo salar) . R . R .
and Blacknose dace (Rhinichthys atratulus)
Nest building fish e¢.g. Creek chub (Semotilus atromaculatus),
Redbreast sunfish (Lepomis auritus), Smallmouth bass ) ° ° °
(Micropterus dolomieui)
Resident fish with defined spawning migrations e.g. White . . .
sucker (Catostomus commersonir)
Pool associate species e.g. adult Atlantic salmon (Salmo salar), R R
White sucker (Catostomus commersonii)
Diadromous fish e.g. American shad (4losa sapidissima),
American eel (Anguilla rostrata), Atlantic salmon (Salmo salar), . . . .
Shortnose sturgeon (Acipenser brevirostrum), Striped bass
(Morone saxatilis)
River margin or backchannel species ¢.g. juvenile Cyprinidae R R . .
spp.
Vegetation spawners e.g. Yellow perch (Perca flavescens), R . . .

Chain pickerel (Esox niger), Muskellunge (Esox masquinongy)
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4.2 Benthic macroinvertebrates

4.2.1

Winter
[ ]

Spring

Key elements

Flow variability drives seasonal variation in leaf litter accumulation and decomposition, driving
changes in macroinvertebrate community and food web structure.

Seasonal variability in flows and temperatures triggers emergence, affecting food web
synchronicity and reproduction cues.

Extended duration of ice cover could negatively affect shredder activity.
Reduced flows under ice cause loss of available habitat.

High flows inundate riffle habitats, leading to habitat homogenization and altering the distribution
of aquatic insects across different life stages

Summer

Fall

Extreme low flows isolates stream sections or small channels, which could strand taxa in areas of
high heat stress

Low flows (extended duration and magnitude) lead to shifts in benthic macroinvertebrate
communities, including a decrease in diversity of grazers and shredders and an increase in
diversity of generalists.

Highly variable flows can reduce emergence success for some taxa (e.g. emerging Odonata and
Plecoptera along margin habitats).

During warm Summers, the magnitude, duration, and extent of low flows determines the
threshold exceedance for macroinvertebrate taxa

Sustained low flows in Summer promote deposition of fines, reducing interstitial habitat space for
macroinvertebrates, lowering their diversity

High flows inundate riffle habitats, leading to habitat homogenization and altering the distribution
of aquatic insects across different life stages

Changes in taxonomic composition and function of macroinvertebrate communities in response to
changing flow components and associated habitat variation has been widely studied (Table 3,
Kanandjembo et al. 2001, Brooks 2000, Boulton et al. 1992, Bonada et al. 2006, Angradi 1997; Culp et
al. 1986, Bayley 1995). For example, macroinvertebrate structure and biomass were negatively affected
by a loss of longitudinal connectivity and habitat changes associated with impoundments. These impacts
include, (i) delayed recovery of the thermal regime, which can take from 40 km to 930 km downstream of
the dam; (i) an alternating flow regime; (iii) changes in geomorphology and substrates (sediment size and
transport, width, connectivity, turbidity); (iv) decreased organic matter (coarse and fine particulate
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organic matter); (v) lowered water quality; and (vi) changes related to other biological assemblages (e.g.
phytoplankton, zooplankton and bacterioplankton, periphyton, aquatic macrophytes). Poff and
Zimmerman (2010) and Dewson et al. (2007) support the concept that macroinvertebrate abundance was
significantly affected by increases and decreases in flow discharge, while assemblage and structure were
not always negatively affected (Poff and Zimmerman 2010, Webb ef al. 2013). Indeed, decreases in
species richness usually do not occur because of the direct impacts of flow reduction, but instead occur
indirectly, due to the loss of habitat (Dewson et al. 2007). However, these responses are not always clear.
A comparison of one regulated and one natural river in Ontario demonstrated that macroinvertebrate
abundance and diversity, fish biomass, fish condition, and food web length were equal in both systems,
and that significant differences only occurred in abundance and distribution of some sensitive
macroinvertebrate taxa (i.e. Odonata, Ephemeroptera and Plecoptera), with lower macroinvertebrate
abundances and fish diversity in the altered river (Smokorowski et al., 2011).
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biomass diversi
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Figure 17. Summary of the effects of decreased stream flow on habitat conditions and invertebrate community
abundance, diversity, and composition. Source: Dewson et al. (2007)
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Table 3. Examples and supporting literature of flow alterations and responses of benthic macroinvertebrates.

Flow alteration

Response of macroinvertebrates

Supporting literature

Extended periods of low and
extreme low flows

Decrease in richness of (a) total taxa, (b)
specialist feeders, and (c) rare drift taxa.

Increase in abundance of taxa with small
body size at maturity.

Rader and Belish 1999,
McKay and King 2006

Changes in flow may decrease
wetted are and habitats

Increase in abundance and diversity of (a)
multivoltine taxa, (b) taxa with small body
sizes at maturity, (c) swimmers and
climbers, (d) obligate depositional taxa, and
(e) non-sessile taxa.

Decrease in abundance and diversity of
scrapers or shredders.

Richards et al. 1997

Changes in flow may decrease = Decrease in abundance and diversity of Lake 2003
water velocity rheophilic taxa.
Changes in flow may increase  Increase in abundance and diversity of Lake 2003

water temperature

eurythermal taxa

Decrease in abundance and diversity of
stenothermal taxa.

Changes in flow may increase
percent of fines (by-product of
decreased water velocity)

Increase in abundance and diversity of
burrowers

Decrease in abundance and diversity of
obligate erosional taxa.

Richards et al. 1997

Increase ephemeral conditions

Increase in abundance of (a) taxa with small
body sizes at maturity, (b) multivoltine
taxa, (c) highly mobile taxa, and (d)
desiccation-adapted taxa.

Decrease in abundance and diversity of rare
taxa in the drift.

Rader and Belish 1999,
Boulton 2003

Quantitative indices have been developed to explore the relationship between flow conditions and
macroinvertebrates, such as the Lotic-invertebrate Index for Flow Evaluation (LIFE; Extence et al. 1999),
the Canadian Ecological Flow Index (CEFI; Armanini et al. 2011) or trait-based indices (Gates ef al.
2015). These indices draw upon structural and function responses of variations in flow velocity to

summarise the community-level responses (e.g. see Monk et al., In press for comparison).

38



MAES Report Series 2017-035

Within the Saint John River basin, limited spatial sampling has been completed on the benthic
macroinvertebrate community, with the exception of species-specific focus studies, for example Odonata
(Brunelle 2010) and water mites (McAlpine and Smith 2010). We have grouped benthic
macroinvertebrates with similar traits associated with flow condition; these common traits include energy
of the environment, substrate preference, habitat association and velocity and thermal niches (Table 4,

Table 5 and Appendix 2).

Table 4. Taxonomic groups, example species, and examples of shared traits within each aquatic insect group in the

Saint John River.

Taxa group

Shared traits for benthic macroinvertebrate
groups

Energy environment, substrate, habitat association,
velocity, and thermal niche.

Benthic macroinvertebrate taxa associated
with high energy, flowing waters, c.g.
Sallflies (Chloroperlidae), Net-spinning
caddisfly (Hydropsychidae), Golden stonefly
(Perlidae), Winter stoneflies
(Taeniopterygidae), Blue-winged Olives
(Baetidae), Apple caddisfly (Brachycentridae)

Occur in high energy, dynamic stream and river
substrates consisting of cobbles and boulders.

Benthic macroinvertebrate taxa associated
with moderate to low energy, stable
substrate, flowing waters, e.g. Spiketails
(Cordulegastridae), Tube-making caddisfly
(Polycentropodidae), Clubtail (Gomphidae),
Fingernet caddisfly (Philopotamidae)

Occur in moderate to low energy, stable substrates
consisting of gravel and cobble in flowing waters.
Found in downstream reaches of small rivers and the
stable, low gradient back channels of large rivers.

Benthic macroinvertebrate taxa associated
with slow flow areas, vegetated backwaters,
e.g. Angler’s Curse (Caenidae), Long-horned
caddisfly (Leptoceridae), Ramshorn snail
(Planorbidae), Northern caddisfly
(Limnephilidae)

Occur in low gradient, backchannels and sloughs of
medium to large rivers, as well as lakes and ponds.
Usually confined to slow-moving portions of riverine
environments in sandy or muddy substrates, as they
can tolerance large detritus deposits, aquatic
vegetation, and warmer water.
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Headwater

and small Medium tributaries

tributaries Large

Taxa srou tributaries Island Riparian Floodplain
group Cold-and Cold-and and main habitats wetlands forests
Typical channel
cool-water  cool-water
reach
reaches reaches

Benthic macroinvertebrate taxa associated with high energy,
flowing waters e.g. Sallflies (Chloroperlidae), Net-spinning
caddisfly (Hydropsychidae), Golden stonefly (Perlidae), Winter ° ° ° ° °
stoneflies (Taeniopterygidae), Blue-winged Olives (Baetidae), Apple
caddisfly (Brachycentridae)
Benthic macroinvertebrate taxa associated with moderate to low
energy, stable substrate, flowing waters e.g. Spiketails o . . o
(Cordulegastridae), Tube-making caddisfly (Polycentropodidae),
Clubtail (Gomphidae), Fingernet caddisfly (Philopotamidae)
Benthic macroinvertebrate taxa associated with slow flow areas,
vegetated backwaters e.g. Angler’s Curse (Caenidae), Long-horned . . . R .

caddisfly (Leptoceridae), Ramshorn snail (Planorbidae), Northern
caddisfly (Limnephilidae)
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4.3 Mussels

4.3.1 Key elements (adapted from DePhilip and Moberg, 2010)

e Extreme low flows increase risk of exposure and predation of mussel beds.

o Significantly reduced flow magnitudes cause local extirpation or reduced growth.

e Extreme low flows reduce individual fitness of mussels, even though some species may be
drought tolerant.

e Decreased magnitude or frequency of high flows leads to habitat degradation, including
embeddedness, lack of appropriate substrate size, and aggrading channel morphology.

e During spawning season and glochidia release, flows are needed to facilitate host fish interaction
and glochidia distribution.

e Natural flow regimes can reduce the risk of establishment of non-native mussel species.

o Low flows expose sessile organisms.

¢ High magnitude and frequency of high flow events creates habitat instability, affecting negatively
the recruitment and carrying capacity of mussels.

Spring and summer
o High flows during Spring and low flows during Summer reduce host fish availability.
e High flows during Summer are needed for creating different habitats and substrates for mussels:
riffle-pool morphology, spawning pools for riverine and lentic mussels, backwaters, and islands.

Freshwater mussels (Unionidae) are sensitive to flow alterations due to their complex life history and
unique habitat requirements, being reliant on natural flow regimes and highly susceptible to
environmental changes (Gates ef al. 2015). Gates et al. (2015) performed a trait-based, environmental
flow method to define the needs of freshwater mussels in terms of thermal tolerance and reproductive
strategies. By separating mussels into reproductive guilds, temporal flow needs can be assessed in order
to encourage successful reproduction and recruitment. In the Saint John River catchment, 20 mussel
species have been reported, including one rare species (Anodonta implicata, Alewife floater) and one
species-at-risk (Lampsilis cariosa, Yellow lumpmussel). Mussels require stable substrates for growth and
early reproduction and fish hosts for glochidia transfer. For example, Yellow perch are the fish host for
the Yellow lampmussel, a long-term brooder and facultative riverine species, while Atlantic sturgeon and
Brook trout are hosts for the primarily riverine species Creeper (Strophitus undulatus).

4.3.2  Example mussel taxa and their traits and life history

Freshwater mussel associated with very high energy, cold, clear, flowing waters. Freshwater
pearlmussel (Margaritifera margaritifera) occupies medium-size, cold-water streams and rivers,
preferring shady riparian zones and well oxygenated habitats, similar to salmonids (i.e., Atlantic salmon).

Freshwater mussel associated with high energy flowing waters with dynamic substrates: Eastern elliptio
(Ellipto complanata) is a facultative riverine species found from small streams to large rivers and lakes.
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As a short-term brooder, it spawns between Spring and early Summer and releases glochidia in late
Summer. Yellow perch is one of its hosts. Dry periods can lead to decreased individual fitness.

Freshwater mussels associated with moderate- to low-energy flowing waters with stable substrates:
Brook floater (Alasmidonta varicosa). As a long-term, brooder species, it presents a different
reproductive stage each season, making it perrenially sensitivity to changes in stream flow. Primarily a
riverine species, brook floaters are found in stable streamflow habitats. Increases in magnitude of flows
during low-flow seasons reduces the number of host fish. Gravidity occurs during Fall and Winter, and
glochidia are released during Spring and early Summer, and spawning occurs from June to September.

Triangle floater (Alasmidonta undulata): This long-term, brooder species is a facultative riverine species
that can be found from small streams to large rivers and lakes, preferring steady currents. Triangle floater
spawns in late Summer and early Fall and releases glochidia in Spring and early Summer. It is generally
an indicator of stable substrates (DePhillip and Moberg 2010). White sucker is one of his hosts, and it is
listed as a sensitive species in New Brunswick.

Yellow lumpmussel (Lampsilis cariosa): As a long-term brooder, it spawns in late Summer and early
Fall and releases glochidia in Spring and early Summer. It is considered a species at risk in Canada.

Freshwater mussels associated with stagnant, vegetated backwaters: This group includes primarily lentic
species that are adapted to silt, mud, and nutrient-rich waters and can tolerate disturbed conditions and
impoundments (e.g. Eastern floater (Pyganodon cataracta) and the Cylindrical papershell
(Anodontoides ferussacianus)). They are long-term brooders, spawning during Summer and early Fall,
and releasing glochidia during the Spring. Host fishes range from mobile, large-bodied species to
localized, small-bodied species. One of their major threats is the loss of backwater and low-flow habitats
at the margins of large rivers. Long, median Summer flows also negatively affect their density.

We have grouped the mussels with similar life history strategies and traits, including energy environment,

substrate, habitat association, velocity and thermal niches, and silt tolerance (Table 6, Table 7 and
Appendix 2).
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Table 6. Taxonomic groups, example species, and examples of shared traits of mussels in the Saint John River

Taxa group

Shared traits for mussel groups

Energy environment, substrate, habitat association,
velocity and thermal niches, silt tolerance

Freshwater mussel associated with very
high energy, cold, clear, flowing waters, c.g.
Eastern Pearlshell (Margaritifera
margaritifera)

Habitat specialists, occurring in high-energy, cold-
water streams and rivers with stable boulder habitat.
They often co-occur with trout habitat.

Freshwater mussels associated with high
energy, dynamic substrate, flowing waters,
e.g. Alewife Floater (4Anodonta implicata),
Eastern Elliptio (Elliptio complanata)

Occur in high-energy, dynamic streams and rivers
with cobble and boulder substrates. Longitudinal
connectivity is essential for species recruitment due to
the high motility of host fish. These species are
associated with white sucker and yellow perch

Freshwater mussels associated with
moderate to low energy, stable substrate,
flowing waters, e.g. Brook Floater
(Alasmidonta varicosa), Triangle Floater
(Alasmidonta undulata)

Occur in moderate- to low-energy flowing freshwater
with stable substrates consisting of gravels and
cobbles. Long-term brooders found in the downstream
reaches of small rivers, stable back channels, and low-
gradient areas of large rivers. They are associated with
white sucker.

Freshwater mussel associated with
stagnant, vegetated backwaters, e¢.g. Eastern
Floater (Pyganodon cataracta)

Prefer low-gradient, back channels and sloughs of
medium to large rivers, as well as lakes, ponds, and
marshes. Usually confined to slow-moving portions of
riverine environments, in sandy or muddy substrates,
with a tolerance for heavy detritus, aquatic vegetation,
and warm water.
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Headwater
and small Medium tributaries
tributaries Large
Taxa group tributaries Island Riparian Floodplain
Cold-and Cold-and and main habitats wetlands forests
Typical channel
cool-water  cool-water
reach
reaches reaches
Freshwater mussel associated with very high energy, cold, clear, R . . . .
flowing waters e.g. Eastern Pearlshell (Margaritifera margaritifera)
Freshwater mussels associated with high energy, dynamic
substrate, flowing waters e.g. Alewife Floater (4nodonta ° ° ° °
implicata), Eastern Elliptio (Elliptio complanata)
Freshwater mussels associated with moderate to low energy,
stable substrate, flowing waters ¢.g. Brook Floater (4/asmidonta ° ° °
varicose), Triangle Floater (4lasmidonta undulata)
Freshwater mussel associated with stagnant, vegetated o o o o

backwaters e.g. Eastern Floater (Pyganodon cataracta)
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4.4 Floodplain, riparian and aquatic vegetation

4.4.1 Key elements

e Long-term disconnections between main channel and edge/riparian habitats lead to shifts in
vegetation structure.

Winter

e Jce scouring flows redistribute channel sediment, leading to changes in channel bed morphology
and connectivity to mainstem islands, which can affect vegetation habitat.

e Reduced ice cover duration, increased number of mid-season ice break-up events, reduction in ice
extent, and increased Winter flows can all have direct effects on nearshore and riparian habitats,
with possible loss of vegetation

e Ice piling from ice jams at downstream river reaches damages riparian and edge vegetation
habitats.

Summer and Fall
e Stable seasonal flows during Summer promote growth and diversity of algae and aquatic
vegetation.

Floodplain, riparian, and aquatic vegetation are important components of the river ecosystem, bridging
the transition between aquatic and terrestrial landscapes. Vegetation provides flow and water quality
regulation, attenuating the impacts of flooding and runoff processes and acting as a buffer to contaminants
from surrounding land and water bodies. It also provides a characteristic habitat supporting high
biodiversity and connectivity (Beschta 1997, Lowrance et al. 1997, Tabacchi et al. 2000).

Flow alterations can have detrimental effects on macrophyte community composition and structure,
reflecting their trait regime, which allows them to resist breakage and uprooting. Flow alterations can
also impact the resilience of macrophyte communities to rapidly reconfigure (Bornette and Piujalon
2011). Changes in flow alteration can have direct effects on growth, reproduction, morphology, or
dispersal of seeds or vegetative fragments; flow alteration can impose indirect effects on vegetation via
the deposition or flushing of fine sediments, erosion, burial of the seed bank, or changes in nutrient
concentration (Bornette and Puijalon 2011). Negative ecological changes in riparian vegetation were
reported in response to various types of flow alteration, which can lead to changes in the ecological
organization, such as the increase of non-native species or non- woody vegetation in dewatered
floodplains (Poff and Zimmerman, 2010). Franklin et al. (2008) identified key factors for aquatic
macrophytes in temperate lowland rivers, but attributed fundamental importance to flow. Increased
stability of baseflow and reduced flow variability can lead to excessive growth of macrophytes or
promote invasive species (reviewed in Bunn and Arthington, 2002). Alterations in the flow regime can
also cause changes in plant species richness, growth, productivity and community composition, and a loss
of riparian forest (Merritt et al. 2010; Table 8).
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Table 8 Metrics of riparian vegetation and their sensitivity to hydrologic alteration and ability to detect chronic
changes in the flow regime (Merritt et al., 2010).

Acute sensitivity Reflective of
Organisational to hyd rologic chronic hydrologic
lewvel Metrics alteration alteration
Individual Xylem water
potential N *

Transpiration M *
Photosynthesis
Q0 flux A *
Canopy volume = *
Shoot/root growth

Incremental growth

rrar *

Leaf size " =
Leaf thickness = =
Population Age/stagessize class

distribution
Population growth rate

Variability * R
Commu nity Richness * ** (varies)
Diversity * Te* (varies)
Composition = e
Cover = e
Stand Biomass = e
Structu e Vegetation volume - e
productvity Vertical structure - e

Number of asterisks indicate the authors’ conceptions of relative strength.

4.4.2 Examples of vegetation and their traits and life history

Submerged aquatic vegetation. Occurs in permanently inundated areas and often associated with riffles
and pools. Waterweeds (e.g. Elodea nuttallii, Elodea canadensis) are species associated with pools, and
they are able to use HCOs', preferring alkaline, nutrient-rich waters where they have high growth rates
and tolerances to a wide range of environmental conditions. Waterweeds are also insensitive to grazing
(Zehnsdorf et al. 2015, Bornette and Puijalon 2011). Submerged aquatic vegetation are linked to flood
scouring, and therefore low frequency or intensity of flood scouring may lead to terrestrialisation of the
aquatic ecosystem and loss of species (Bornette and Puijalon 2011).

Emergent aquatic vegetation. This vegetation occurs within the active river channel in semi-permanently
inundated areas, including island heads and the edges of bars, channels, and terraces. Free-floating, leaved
macrophytes associated with shallow water habitats in Saint John River basin include Spatterdock
(Nuphar variegata) and Common bladderwort (Utricularia macrorhiza).

Floodplain and riparian vegetation. This vegetation is associated with permanent and semi-permanent
inundated areas, such as floodplains and wetlands that can tolerate natural variation in river dynamics.
Butternut (Juglans cinerea) occupies well-drained soils, terraces, stream benches, and coves, but it is
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intolerant to shade (George and Fischer 1989; Nowacki ef al. 1990). Furbish’s lousewort (Pedicularis
furbishiae), a registered species-at-risk under COSEWIC (COSEWIC, 2011), occupies highly dynamic
river bank habitats, such as ice-scouring, Spring flooding, and undercutting, giving it a competitive
advantage over other species (Gawler ef al. 1987).

Within the Saint John River basin, 507 species of plants were listed, including three endangered species
Butternut (Juglans cinerea), Furbish’s lousewort (Peddicularis furbishiae), and Pinedrops (Pterospora
andromedea)), one threatened species (Anticoster aster (Symphyotrichum anticostense)), and one species
of special concern (Prototype quillwort (Isoetes prototypus)) under SARA. We grouped vegetation into
three major groups, subdivided into seven categories, based on life history traits (Table 9, Table 10 and
Appendix 2).
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Table 9. Taxonomic groups, example species, and examples of shared traits of vegetation in the Saint John River.

Shared life history traits for vegetation
groups
Inundation tolerance, need for high frequency
and severity of flood scour, seed dispersal,
disturbance regime

Submerged aquatic vegetation associated
with riffles, e.g. Fountain moss (Fontinalis sp.)

Submerged aquatic vegetation occurring in
relatively shallow, fast-moving waters of
medium to large rivers.

Submerged aquatic vegetation associated
with runs: e.g. Water stargrass (Heteranthera
dubia)

Submerged aquatic vegetation occurring in
moderately deep, moderate currents of medium
to large rivers. Diverse vegetation community.

Submerged aquatic vegetation associated
with pools, e.g. Waterweed (Elodea nuttallii,
Elodea canadensis), Eel grass (Vallisneria
americana), some water milfoils (e.g.
Myriophyllum farwellii)

Submerged aquatic vegetation occurring in the
relatively deep slow-moving water of medium
to large rivers. Diversity can be low, while
abundance can be high.

Emergent vegetation, ¢.g. Spatterdock
(Nuphar variegata), Common bladderwort
(Utricularia macrorhiza), some water milfoils
(e.g. Myriophyllum alterniflorum and
Myriophyllum sibericum)

Emergent vegetation occurring in slow-moving
waters of medium to large rivers. Habitats
include shorelines, side and back channels, and
confluences of major tributaries. Typically a
mixture of submerged and free-floating aquatic
species.

Shoreline and scour vegetation, e.g. Furbish’s
lousewort (Pedicularis furbishiae)

Prefer periodically exposed shorelines and
stream margins maintained by severe flooding
and scour.

Floodplain vegetation, e.g. Speckled alder
(Alnus incana), Black willow (Salix nigra),
Silver maple (Acer saccharinum), Butternut
(Juglans cinerea)

Require annual Spring flooding and prolonged
inundation by floodwaters and highly fertile
floodplain soils. Characteristic plant
assemblages include flood-tolerant trees,
shrubs, and emergent and submergent plants.

Wetland vegetation, e.g. Arrowhead
(Sagittaria latifolia) Willow spp. (Salix spp.),
Meadowsweet (Spiraea alba)

Occur within the riparian corridor, along stream
networks, in a unique array of wetland habitats
including swamps, marshes, fens, flooded
meadows, shallow lakes, and marsh islands.
This group includes a high number of priority
taxa.
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Table 10. Taxonomic groups, example species, and associated habitat types of vegetation in the Saint John River.

Headwater

and small Medium tributaries

tributaries Large

Taxa srou tributaries Island Riparian Floodplain
group Cold-and Cold-and I and main habitats wetlands forests
4
cool-water  cool-water P channel
reach
reaches reaches

Submerged aquatic vegetation associated with riffles: e.g. R . . . .
Fountain moss (Fontinalis sp.)
Submerged aquatic vegetation associated with runs: e.g. Water R . . .
stargrass (Heteranthera dubia)
Submerged aquatic vegetation associated with pools: e.g.
Waterweed (Elodea nuttallii, Elodea canadensis), Eel grass . . . .
(Vallisneria americana), some water milfoils (e.g. Myriophyllum
farwellii)
Emergent vegetation: e.g. Spatterdock (Nuphar variegata),
Common bladderwort (Utricularia macrorhiza), some water milfoils
(eg. Myriophyllum alterniflorum and Myriophyllum sibericum) ¢ ¢ ¢ ¢ ¢
Shoreline and scour vegetation: e.g. Furbish’s lousewort . .
(Pedicularis furbishiae)
Floodplain vegetation: e.g. Speckled alder (A/nus incana), Black
willow (Salix nigra), Silver maple (Acer saccharinum), Butternut ° . ° °
(Juglans cinerea)
Wetland vegetation: e.g. Arrowhead (Sagittaria latifolia) Willow . . . .

spp. (Salix spp.), Meadowsweet (Spiraea alba)
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4.5 Birds, amphibians and terrestrial arthropods

Flow alteration, water diversion, and weirs can decrease abundance and species richness of amphibians,
waterfowl, and migratory birds and terrestrial arthropods in aquatic habitats, possibly due to loss of
natural habitats and food availability (Bunn and Arthington 2002, Poff and Zimmermann 2010). Indeed,
wetlands with natural floods can have higher values of waterfowl breeding, adult abundance, and species
richness than wetlands with altered flows (Lloyd et al 2004). Hydropeaking can also create impacts to
riparian species: arthropod richness and abundance were negatively correlated with both inundation
frequency and embeddedness (i.e. the degree to which interstitial spaces among gravel and coarser
sediments is clogged by fine sediments). Further, populations of the fishing spiders (Dolomedes
aquaticus) were reduced in embedded habitat regulated rivers when compared with natural rivers due to
loss of suitable habitat in regulated systems (clogging of substrate) (Greenwood and MclIntosh, 2010). A
loss of habitat heterogeneity in exposed riverine sediments due to reduced flashiness of the flow regime,
can decrease richness and abundance of beetles (Sadler et al., 2004). Additionally, regulated rivers in
New Mexico followed a similar pattern, where natural and experimental flooding created comparable
changes in abundance and taxa composition of arthropod communities (Ellis ef al. 2001). Endangered
Cobblestone Tiger Beetles (Cicindela marginipennis) require high, infrequently flooded cobblestone
habitats, which are directly influenced by the flashiness and frequency of high-flow events (e.g. Spring
freshet) to reduce interstitial smothering of the substrate and maintaine sparse vegetation (COSEWIC,
2008). Two isolated areas along the Saint John River and Grand Lake represent the only known locations
of this species in Canada (COSEWIC, 2008), and both are directly affected by flow regulation.

Recent evidence suggests reduced occupancy and abundance of anurans due to the reduction of riparian
habitat caused by flow regulation on a dam (Eskew et al. 2012). Therefore, maintaining core flow events
for ecosystem cues may be important to amphibians in other regulated systems. For example, small
flooding events are critical to maintain habitats and reproduction cues for two toad species (Bufo
woodhousii and B. cognatus) in a regulated river (Bateman ef al., 2008). Additionally, it is critical to
mimic natural flow timing in regulated systems for cues in two species of native frogs (Rana boylii and R.
draytonii) in another regulated system (Kupferberg et al. 2011).

4.6 Physical processes and conditions: floodplain and channel maintenance for aquatic and
riparian plants and animals

4.6.1 Key elements

e Floods with a two-year or more recurrence interval are required to maintain channel
morphological variability and lateral connectivity, increasing edge habitats and promoting
ecological cues (e.g. fish spawning and migration).

e Secasonal flows are important for the stability of the main channel and maintenance of
connectivity during Spring and Fall.

e Atypical high flows (15-20 years return interval) are required in large rivers to refresh, restore,
and rebuild channel complexity to provide habitat heterogeneity for both fish and benthic
assemblages (including islands).
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o Low flows provide habitat stability.

e Ice processes are critical for maintaining channel structure and lateral connectivity for riparian
and floodplain habitats.

e The magnitude, frequency, duration, timing, and flashiness of seasonal, low-, and high-flow
events are critical for lateral connectivity and channel maintenance.

4.6.2 Low flows

Low flows provide habitat stability and diversity, for example islands, sand bars, riffles, shallow habitats,
slow-moving backwaters, and stable substrate habitats. These are critical for mussels, sucker, and brown
bullhead, and they facilitate the expansion of taxa at these new habitats.

4.6.3  Channel-forming and ice flows

Channel-forming flows, or bankfull events, promote channel morphology maintenance and influence the
capacity of the river for transporting sediments (DePhillip and Moberg 2010). Channel-forming flows
comprise both low-flow events (sediment deposition), high-flow events (sediment transport), ice-affected
events (Winter sediment transport), and seasonal flows (maintain island habitats formation). These flows
are critical for floodplain and channel maintenance due to sediment and nutrient distribution, creating in-
channel habitat by redistributing sediment, debris, vegetation, and coarse particular organic matter (e.g.
introduction of woody debris), thus changing channel morphology and connectivity. Deposition of
sediment, debris, and vegetation in wetlands and floodplain forests creates new habitats for birds,
terrestrial arthropods, and amphibians. Further, ice flows scour the river bottom, increasing channel
widening and eroding riparian and edge habitats; this scour is followed by the resuspension of sediments
and nutrients that are transported downstream, especially during Spring high flows. Then, low flows
deposit the sediments and nutrients in depositional areas.

4.6.4 High flows and flood events

High flows and floods promote lateral connectivity, leading to increased seed dispersal, soil preparation
for vegetation growth, creating pools and backwater habitats favorable for spawning of many riverine and
lentic mussels and fish. Loss of high flow events leads to increasing terrestrialisation of margin habitats
and vegetated bars leading to perennial plants.

4.6.5 Seasonal flows

Seasonal flows maintain the core natural flow regime, providing connectivity among habitats, supporting
nutrient and sediment transfer, and promoting the natural dispersal of organisms.

4.7 Water quality and nutrients

4.7.1 Key elements

e Magnitude, frequency, and duration of flow drives the variability of water quality.
e Magnitude and duration of low flow events is often inversely related to water quality.
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o Low flows increase water temperature and lead to decreased dissolved oxygen and water quality.

e Inter-annual variability of high flows leads to habitat restructuring and nutrient movement
necessary for maintaining ecosystem productivity.

e Alternation of low and high flows (e.g. flooding) drives lateral connectivity, allowing nutrient
flux between terrestrial and aquatic ecosystems.

e Reduction of high flows, or sustained low flows, may exacerbate the deposition and accumulation
of fine sediments in pools during late Summer and early Fall, threatening interstitial benthic
macroinvertebrates and fish spawning habitats.

Geology and climate naturally drive variations in water quality in the Saint John River. However,
anthropogenic activities, such as forestry, agriculture, discharge of wastewaters and industrial effluents,
and river regulation through dams can adversely affect water quality (Figure 19; Kidd ef al. 2011).
Overall, water quality in the Saint John River has improved considerably since the 1950s, when
concentrations of dissolved oxygen were often low (below the 5 mg/L acceptable limit between
Edmundston and Grand Falls) primarily due to pulp mill effluents and sewage (Kidd ef al. 2011). During
the 1950s and 60s, high levels of fecal coliform were also observed, especially in close proximity to
major cities and food-processing factories (Kidd et al. 2011). However, recent changes in waste
management at industrial facilities and treatment processes have dramatically improved the river’s water
quality (Kidd ef al. 2011).
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Figure 18. Main anthropogenic activities affecting water quality of Saint John River (Kidd et al. 2011).
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5. Flow needs, proposed options, and future monitoring

5.1 Identification of flow-ecology and temperature-ecology hypotheses

The final environmental flows framework is based upon an understanding of the flow needs required to
support the complex mosaic of ecosystems of the Saint John River basin. During Workshops 2 and 3,
flow-ecology and temperature-ecology hypotheses were developed and refined to support the
identification of targeted flow needs. The hypotheses were either positive (i.e., needs-based) or negative
(i.e., threshold-based). More than 500 hypotheses were developed during Workshop 2, and these were
combined and condensed to 139 hypotheses after Workshop 2. During Workshop 3, we then condensed
this list to 77 testable hypotheses through a process of discussion and expert judgement. The final
hypothesis selection targeted local-to-watershed-scale responses structured by both major habitat type and
core flow components (i.e., seasonal flows, low flows including extreme low flows, high flows including
extreme high flows, and ice-affected conditions) for general ecosystem and target taxa group responses
(Appendix 3).

5.2 Quantifying ecosystem responses to flow alteration

Hypotheses were evaluated using the EcoEvidence approach, a directed, meta-analysis of existing
literature (Webb et al. 2012) (Figure 19). Literature databases were provided by The Nature Conservancy
and were supplemented with additional literature focused on ice processes for a total of 486 individual
studies. Simplified hypotheses were entered into EcoEvidence software and subsequently assessed
externally in an independent database. Support for results were limited within the EcoEvidence software,
likely due to an oversimplification of the hypotheses. Six hypotheses were quantitatively supported by
available literature representing different groups of biota, flow components, habitat types and periods of
the year.

1. Document the problem & draft the question J

2. Document the context of the question

|
(3. Develop a conceptual model

] ¢ document revisions
to all steps

]
4. Decide on relevant cause & effects ]

|
5. Literature search, review & evidence extraction] — 3| 6 Revise conceptual model &

previous steps if necessary
|

[7. Catalogue & weight the evidence ] T

' Revised hypothesis

(8. Assess the level of support for the hypothesis |—— if needed i.e. in light of
inconsistent evidence

Figure 19. EcoEvidence process (extracted from http://ewater.org.au/).
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Subsequent analysis external to the EcoEvidence software paired with expert judgement provided
evidence of consistent responses across a large number of the flow-ecology and temperature-ecology
statements. Indeed, any limited or inconsistent support was often linked to those hypotheses associated
with small literature support and without additional field studies, the validity of some hypotheses remains
uncertain regarding applicability for the Saint John River ecosystem. Further development of the formal
assessment is required because of the oversimplification of the hypothesis statements within the
EcoEvidence software and should involve a more flexible network meta-analysis with additional studies
added to support the analysis.

5.3 Principles for flow recommendations

Six principles were applied to guide the development of flow recommendations based on the original
ELOHA approach (Poff et al., 2010), applications in other regions (e.g., TNC, 2015) and suggested
guidance provided in Poff et al. (2017) and Poff (in press).

1. The flow recommendations must incorporate all flow components (high, seasonal, low, and ice-
affected flows) both within- and among-seasons.

2. The selected statistics must be paired with core flow needs and adequately monitor the different
components of the flow regime.

3. The flow recommendations should be defined in terms of acceptable alteration from baseline values
to capture naturally-occurring variability but also be flexible to environmental, societal and
management water needs.

4. The flow recommendations must be conservative (protective) across different habitat types, seasons,
and flow components to protect the most sensitive ecosystem processes or components.

5. Long-term monitoring must be conducted to provide a quantitative assessment of the strategy, and
adaptive modifications must be implemented if the current flow recommendations do not maintain or
improve water quality, biological or habitat targets.

6. The flow recommendations must reflect the current benchmark of flow alteration and should continue
to incorporate projected hydrological change under future climate scenarios via adaptive
modifications.

5.4 Identification of core flow needs

The final environmental flows framework is built upon core flow needs, which directly integrate the 77
refined flow-ecology and temperature-ecology hypotheses (Appendix 3). Ten flow needs were identified,
representing different ecosystem components (e.g., geomorphology and channel processes, reproduction
cues, spawning and emergence, nutrient and sediment distribution, connectivity to key habitats, thermal
habitats, and ice processes; Table 11 and Appendix 3). Flow components of supporting hypotheses varied
depending on the flow need, but, overall, 21% were associated with low flows, 34% were associated with
seasonal flows, 33% were associated with high flows, and the remaining 13% were associated with ice
flows.
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Flow needs are temporally dynamic; some are associated with key flow events, such as Spring freshets or
Summer stable low flows, while others require these flow events and variability throughout the year
(Figure 20). Flow needs also vary spatially; some flow needs are more important for large rivers and
mainstem habitats, but they may not be significant for riparian wetlands or small tributary habitats. The
developed flow needs are presented for the area downstream of the Mactaquac Generating Station.
However, the processes and approach can be applied across additional areas of the watershed in the future
acknowledging that the flow needs may change for different habitat types (i.e. the flow needs for smaller
systems would be different than those for mainstem sites).

Table 11: Summary of core flow needs and the number of supporting hypotheses associated with each flow
component. Supporting hypotheses are described in Appendix 3, and supporting literature is listed in Appendix 4.

# Seasonal Tce-
Flow need Low flows High flows affected
hypotheses flows
flows
1 Cue spawning migration and maintain
access to and quality of shallow-slow
. . 12 1 8 3 0
margin and backwater spawning and
nursery habitats.
2 Establish ecosystem connectivity to
critical habitat refugia during high flow 8 1 2 5 0
events.
3 Maintain ice processes, disturbance
events and habitat connectivity during 8 0 0 2 6

freeze-up, overwinter and break-up.

Maintain overwinter habitats for resident
fish and benthic macroinvertebrates 5 2 0 0 3
including egg and larval development.

5 Maintain thermal habitat heterogeneity
. 7 4 3 0 0
and water quality.
6 Maintain valley and island formation,
channel morphology, and sediment 13 3 1 8 1
distribution.
7 Promote macroinvertebrate growth and 3 ! 0 5 0
insect emergence.
8 Support establishment and growth of
floodplain, riparian and aquatic 5 2 2 1 0
vegetation.
9 Support mussel spawning, glochidia
. . L 3 1 1 1 0
transfer, juvenile colonisation and growth.
10 Support nutrient cycling, and food web
Hppolt BUTHIEH eyeTns v 13 1 9 3 0

productivity and complexity.
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Cue spawning migration and maintain access to and quality of shallow-slow margin and backwater spawning and
nursery habitats

2 Establish ecosystem connectivity to critical habitat refugia during high flow events
3 Maintain ice processes, disturbance events and habitat connectivity during freeze-up, overwinter and break-up

Maintain overwinter habitats for resident fish and benthic macroinvertebrates including egg and larval
development

Maintain thermal habitat heterogeneity and water quality

Maintain valley and island formation, channel morphology, and sediment distribution

5

6

7 Promote macroinvertebrate growth and insect emergence

8 Support establishment and growth of floodplain, riparian and aquatic vegetation
9

Support mussel spawning, glochidia transfer, juvenile colonisation and growth

10 Support nutrient cycling, and food web productivity and complexity

Figure 20: Proposed weekly hydrograph for WSC 014AK003 gauge in Fredericton (representing large river,
mainstem habitat). Blue shading represents the high flow range (010 to Q50), green represents the seasonal range
(050 to Q75), and orange represents the low flow range (Q75 to Q90). Ice-affected flow range is not shown on this
figure. The solid black line represents the median water level. Circles represent individual flow needs, with arrows
representing the dominant temporal scale for the particular flow need. Shading reflects flow components
represented by each flow need: high flows (blue), seasonal flows (green), low flows (orange), and ice-affected flows
(grey). Patterned shading occus where flow needs incorporate more than one flow component. Note that additional
flow components for each flow need (e.g. frequency and duration of events) are not shown here.
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Flow statistics were strategically selected to represent important and supported components within the
ecosystem, yet be easy to measure and reflect both the static and non-stationary components of the system
(Table 12). A literature search was completed to identify the selected metrics from other regions and

countries. Generally, these statistics describe core flow attributes (e.g., Q50, frequency of events greater
than a threshold magnitude) and variation around a threshold (e.g., high flow range).

Table 12: Proposed core flow statistics for the framework

Flow Description Proposed statistics
component
Seasonal flows highlight both seasonal and
inter-annual variation. Seasonal flows can be Median flows (Q50) and seasonal
Seasonal linked to habitats for key species at specific ranges (e.g., Q75 to Q50, Q10 to

times of year (e.g., to support spawning habitat
or overwintering habitat).

Q50)

Low flows and
extreme low
flows

Low flows represent critical, stable flows, but
also highlight times of low flow stress within the
system. These variables can be directly linked to
maintaining floodplain soil moisture, connection
to the hyporheic zone, riffles and pools, water
temperature, and dissolved oxygen.

Low flow percentiles (e.g. Q90)
and range (e.g. Q75 to Q90), in
addition to quantifying the
frequency, extent and duration of
low flows (e.g. number of events,
duration of events)

High flows and
extreme high
flows

High flows are important for lateral and
longitudinal habitat connectivity and sediment
and nutrient movement within the system. These
variables can be directly attributed to sediment
movement, organic matter redistribution, and
stream temperature and water quality regulation.

High flow percentiles (e.g. Q10),
flow ranges (e.g. Q10 to Q50),
frequency, extent and duration of
key events (e.g. duration and timing
of Spring freshet, duration and
frequency of high flow events)

Ice-affected
flows

Ice -affected flows are often not considered in
flow management despite their critical
importance for both the physical and biological
components of the ecosystem. The extent and
duration of ice-affected conditions can be
estimated via WSC reports associated with each
gauge record (the “B” date). Processes such as
ice freeze-up and break-up influence channel
and adjacent riparian floodplains, altering the
physical habitat and associated biological
communities.

Percentiles that quantify the ice-
affected flow magnitude and range
of ice-impacted areas (particularly
around freeze-up and break-up)
including the frequency and
duration of mid-Winter ice break-
up events

57



MAES Report Series 2017-035

5.6 Linking flow needs to flow statistics

The final choice of flow recommendations are based on (a) literature describing or quantifying
relationships between flow (or temperature) alteration and ecological responses (e.g. Appendix 4); (b)
comparison and analysis of long-term variability at minimally-altered HYDAT gauges; (c) input from
experts during Workshop 3; and (d) incorporating variables that can function under non-stationarity of
environmental conditions. Each core flow need was paired with a range of flow variables for the
environmental flows framework targets and long-term monitoring (Appendix 3).

The proposed percentages for allowable deviation from either the proposed static or range-based variables
were selected to minimise the potential ecosystem impact while allowing flexibility for water use and
management. Recently, there has been a move away from the traditional static flow statistics (e.g. focus
on Mean Annual Flow) towards more flexible statistics-based flow targets that are focused on
maintainining the different ecologically-relevant components of the flow regime (e.g. Poff, et al., 2010;
Richter, 2010). For example, developing flow targets that protect an ecologically-important flow with a
given magnitude, duration and frequency to protect spawning cues or maintain habitat structure. More
formally, Richter (2010) proposed the Sustainability Boundary Approach (SBA) that identified a
percentage-based range of allowable flow alteration based on the natural variability. Supported by
existing data analyses and extensive case studies, the concept of SBA was further refined to identify
specific flow targets (Richter et al., 2012). It was proposed that flow alterations of less than 10% of the
natural variability would maintain the natural structure and function of the riverine ecosystem while
deviations of 11 - 20% of the natural variability would generally result in some mearusable changes in
structure but minimal changes in ecosystem functions (Richter et al., 2012). Further, any flow alteration
greater than 20% would likely result in moderate to major changes in natural structure and ecosystem
functions, with greater risk associated with greater levels of alteration in daily flows (Richter et al., 2012).
Indeed, the increased risk to the riverine ecosystem structure and function with increasing flow alteration
is well supported, for example Meador and Carlisle (2012) found that even under minimal changes to the
natural flows (<10%), there was a >50% probability of impairment of fish assemblages while a general
reduction in stramflow variability was related to an average 35% loss in native fish species richness.

The proposed flow statistics for the Mactaquac Generating Station reflect these proposed sustainability
boundaries where variation in flow recommendations occurs in either direction (e.g., no more than 10%
increase or 10% decrease in Q10) and directly incorporates ecologically-important components of the
flow regime (e.g., magnitude, duration, timing and frequency of flow events). Target conditions are
temporarily variable depending on flow conditions and ecosystem needs (e.g., targets cannot exceed 20%
for seasonal flows but cannot exceed 10% for both high and low flow conditions). Core flow needs
associated with high flows use Q10, their range (Q10 to Q50), and frequency, while needs associated with
ice-affected flows aim to maintain the magnitude and duration of conditions during the critical Winter
months (Figure 20). Seasonal flow components comprise the seasonal flow range (Q50 to Q75) and
median flow (Q50) while core low flow needs are linked to low flow values (Q90), low flow range (Q75
to Q90), and maintaining the frequency and duration of low flows (Figure 20).
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5.7 Development of target flow variables for Mactaquac Generating Station

Seven target flow variables and associated components were identified that captured the seasonal flow
components paired with the developed flow-ecology and temperature-ecology linkages. While the flow-
based variables are presented on monthly time scales, these can be adapted to match daily, weekly, or
seasonal management needs and targets (Figure 21):

e No more than 10% change in magnitude of monthly Q10 including the frequency and duration of
high flow events.

e No more than 15% change to seasonal flow range (monthly Q50 to Q75) including frequency and
duration of low seasonal flow events to maintain seasonality of the system.

e No more than 20% change to ice-affected flow range (monthly Q50 to Q75) including the
frequency and duration of ice-affected conditions including reduced flow variability during ice
freeze-up and break-up to encourage development of optimal ice conditions.

e No more than 20% change to seasonal flow range (monthly Q10 to Q50) including frequency and
duration of high seasonal flow events.

e No more than 15% change to monthly median (Q50) including frequency and duration of median
seasonal events to maintain seasonality.

e No more than 10% change to monthly Q90 including the frequency and duration of low flow
events. This recommendation is intended to protect against increases in the frequency and
duration of extreme low flow events, while still allowing some flexibility for water use and
management within this range.

e No more than 10% change to low flow range (Q75 to Q90) including the frequency and duration
of extreme low seasonal flow events. This recommendation is intended to protect against
increases in the frequency and duration of extreme low flow range.
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(a) 10% change in magnitude of monthly Q10

Water level (m)
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(b) 15% change to seasonal flow range (monthly (c) 20% change to ice-affected flow range (monthly
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(f) 10% change to monthly Q90

(g) 10% change to low flow range (Q75 to Q90)
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Figure 21: Target flow variables for mainstem habitats, paired with each core flow need.
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6. Conclusions

We developed an ELOHA framework based on literature, studies, and expert knowledge via three
workshops. We have completed the first four steps of the ELOHA framework but there are four key
recommendations for further consideration before the full implementation of our framework.

6.1 Recommendations

Prior to implementation of the proposed framework at the Mactaquac Generating Station, we have four
recommendations:

1. Link inter-daily and inter-seasonal framework with intra-daily hydropeaking. The
ELOHA framework is designed to be applied at the broader spatial and temporal scale allowing
users to scale up their assessment and incorporate watershed- and regional-scale processes.
This approach allows users to identify critical parts of the watershed where additional focus is
needed. The area downstream of the Mactaquac Generating Station has been an area of high
intensity research directly related to the overall MAES program. The high resolution (both
space and time) of collected biological, chemical and physical measurements paired with the
developed hydrodynamic model and habitat simulations will allow NB Power to better
understand the implications of intra-day hydropeaking on the downstream environment. This is
an important process in scaling up a management framework in both space (site to watershed)
and time (hourly to seasonal and annual).

2. Incorporate societal (ecological and cultural) processes. The original ELOHA framework
approach incorporates a critical societal component (Step 5 in Poff ez al., 2010). The societal
process comprises three components, which are assessed via stakeholder workshops and
community engagement: (i) identify acceptable ecological and cultural condition for each river
type based on societal values; (ii) develop flow targets by linking the acceptable ecological and
cultural condition with a degree of flow alteration; and (iii) directly incorporate these flow
targets into the broader water planning process. These three components must be addressed
prior to the testing and potential implementation of the framework.

3. Develop and implement a strategic, long-term monitoring plan. The development and
implementation of regional environmental flow targets is an ongoing, iterative process where
data collection, monitoring, evaluation, and social values continually refine the targets and
flow-ecology relationships. Designing a long-term monitoring plan is critical for evaluation of
the proposed flows framework. Building upon existing MAES field data, long-term monitoring
must account for both process change and ecosystem state; for example, including both
structure and function in the monitoring will be achieved by pairing traditional monitoring
(structure) with species traits and decomposition analyses (function).

5. Apply future climate and flow projections to refine the proposed framework. We

recommend revisiting the proposed framework with future flow data to account for the
projected variation in water levels under different climate change scenarios (following the

61



MAES Report Series 2017-035

proposal of Poff et al., 2017, Poff, in press). This will enable the framework and monitoring
plan to operate within an adaptive management context by incorporating the range of natural
variability under possible climate change scenarios.

6.2 Conclusion

Recent developments in environmental flow science are built upon our growing understanding of the
natural flow regime and how it shapes structure and function of ecosystems across multiple spatial and
temporal scales. Here, we used these concepts to propose a sustainable, environmental flows framework
for the Saint John River with specific reference to flow management at the Mactaquac Generating Station
(Figure 20). Paired with an extensive literature review, three expert workshops developed and refined the
final recommendations by identifying target habitats and key flow components, and proposing tailored,
flow-ecology and temperature-ecology hypotheses for each habitat and flow type. Including non-flow-
based hypotheses (e.g., temperature) and directly incorporating ice-affected flows into the framework
expanded our ELOHA approach. We have combined long-term flow data (e.g., regime-based statistics)
and concepts of non-stationarity (e.g., flow characterisations) with expert- and literature-driven
hypotheses to identify core flow and temperature needs and their paired ecosystem elements that can be
managed and monitored across different spatial and temporal scales. These flow needs include
maintaining both the quality and connectivity of critical habitats, e.g., overwintering areas, spawning and
nursery habitats, supporting nutrient cycling and food web productivity, and promoting native ecosystem
taxa. While our focus was the area downstream of the Mactaquac Generating Station, the framework can
be applied to other areas in the watershed with consideration of the core flow needs and flow targets for
that habitat type. We developed broad flows needs for the watershed scale rather than reach scale
objectives. This broad-scale application is the start of an adaptive application process that allows the
framework to be adapted for implementation across a wide range of available data and scientific capacity
but it can be continually refined based on a long-term monitoring strategy, additional data from targeted
field studies and the future ecological, societal and management needs and considerations of the river.
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of the Biodiversity Collaborative / Environment and
Climate Change Canada
Mat Gorman New Brunswick Power W1, W2, W3
Tommi Linnansaari University of New Brunswick / Canadian Rivers W1, W2, W3
Institute / Mactaquac Aquatic Ecosystem Study
Wendy Monk University of New Brunswick / Canadian Rivers W1, W2, W3
Institute / Mactaquac Aquatic Ecosystem Study
Daniel Environment and Climate Change Canada W1, W2, W3
Gord Yamazaki University of New Brunswick / Canadian Rivers W1, W2, W3
Institute / Mactaquac Aquatic Ecosystem Study
Daniel Caissie Fisheries and Oceans Canada W1, W2
Bronwyn Fleet-Pardy University of New Brunswick / Canadian Rivers W1, W2
Institute / Mactaquac Aquatic Ecosystem Study
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Kathryn Collet New Brunswick Department of Natural Resources W1
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Annie Daigle New Brunswick Department of Environment and Local Wi
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Phillip Gilks New Brunswick Power W1

Jeff Hoyt New Brunswick Department of Environment and Local W1
Government

Margo Morrison Nature Conservancy Canada Wi

Kelly Murphy Environment and Climate Change Canada Wi

John O’Keefe New Brunswick Department of Environment and Local W1
Government

Kate Reilly McGill University W1

Dave Sawler Fredericton Fish and Game Association Wi

David Armanini Prothea / Canadian Rivers Institute W2

Rod Bradford Fisheries and Oceans Canada w2

Dave Courtemanch The Nature Conservancy w2

Daniele Demartini Prothea W2

Annie Dietrich New Brunswick Department of Environment and Local W2
Government

Rebecca Dolson WWF Canada w2

Steve Dugdale University of New Brunswick / Canadian Rivers W2
Institute / Mactaquac Aquatic Ecosystem Study

Almudena Idigoras Prothea W2

Chaumel
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Darek Moreau Stantec Canada W2
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André St-Hilaire Institut national de la recherche scientifique / Canadian W2
Rivers Institute

Maureen Toner New Brunswick Department of Energy and Resource W2

Development
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Appendix 2: Example life history schemes for different groups of taxa by habitat type: (A) Small tributaries and
headwater habitats; (B) Medium tributaries; (C) Large tributaries and main channel habitats; (D) Mainstem
island habitats; and (E) Riparian wetland and floodplain forests.

A. Small tributaries and headwater habitats.

(0] N D J F M A M J J A S
Cold/ cool _ Egg and larval development
Fish Riffle
associates Egg and larval
development
BMI High energy
Mussels Cold, high Brooding
energy
Submerged -
Severe flood and ice scour
Vegetation
Emergent

Moderate — severe flood and ice scour
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B. Medium tributaries.
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Vegetated
backwaters
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High energy Brooding
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Brooding
energy

Vegetated

backwaters Brooding

Submerged
Severe flood and ice scour

Vegetation

Emergent
Moderate to severe flood and ice scour

Wetland/
floodplain
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C. Large tributaries and main channel habitat.
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D. Mainstem island habitats.
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E. Riparian wetland and floodplain forest habitats.
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Appendix 3 Draft flow-ecology and temperature-ecology hypotheses, divided by identified flow need for Saint John

River.

Hypotheses supported via the EcoEvidence analysis are highlighted with a *

1. Cue spawning migration and maintain access to and quality of shallow-slow margin and backwater spawning and nursery habitats:

Flow component and timing Habitat types
©n @ Z
Ef ., £EE E¢
. . S 2] - = 4 SIS
Working hypothesis Target ecosystem 8 2 g T 28T 8T
component ONDIJFMAMI JAS B% B2 T35t c5
S = § S ¢ ET =g
53 °F 82 2%
o & 8] < S
A decrease in the magnitude, frequency or
duration of high flow events would reduce
the availablility of critical breeding habitats Amphibians .
(e.g. ephemeral ponds) for amphibian
species.
An increase in high flow magnitude,
frequency or duration increases inundation Birds . .

leading to a reduction in suitable breeding
habitat for riparian-nesting birds.

A decrease in the magnitude and frequency
of high flow events would reduce fish
habitats including physical structures, flow
regimes, connectivity, and assemblage
diversity.

Fish, habitat

From Spring to Fall, during reproduction
(spawning and glochidia release) a
decrease in extreme low flows may

Mussels

&3



decrease depth, velocity and clarity,
reducing the potential host fish to reach
mussels and for successful glochidia
transfer.
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In Fall and/or Spring, reduction in the
magnitude and duration of seasonal flows
may reduce the triggers required for
initiating downstream migrations of smolts
and silver eels

Fish

During Fall, a shift in the timing and
magnitude of flows at the correct
temperature could disrupt salmonids
spawning cues, restrict access to suitable
spawning habitats, and lower recruitment

Fish

From Spring to Fall, an increase in the
magnitude, frequency and variation of
seasonal flows would reduce stability of
main channel habitats. Reduced habitat
stability would decrease alpha diversity
while increasing beta diversity in the
system.

Habitat

In Summer and early Fall, an increase in
flow magnitude and flashiness can reduce
available oviposition habitat for
invertebrate species that deposit eggs on
emergent substrate or plants along the river
margin leading to reduced recruitment

Macroinvertebrates,
vegetation

Increased seasonal flow magnitude
increases the lateral connectivity of
nutrients and sediments between aquatic
and terrestrial habitats

Nutrients

During Spring, seasonal cues for migration
and emergence are linked to the timing and

Other taxa
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frequency of successive high and low flow
events. A reduction or increase in seasonal
flows would negatively affect recruitment
of these taxa (e.g. wood turtle, amphibians,
muskellunge, ducks)
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During late Winter and Spring, an increase
in seasonal flows would reduce the
availability of suitable sites for early
season vegetation limiting effective
germination and growth of riparian plants *

Vegetation

&5



2. Establish ecosystem connectivity to critical habitat refugia during high flow events:
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Flow component and timing Habitat types
©n 2] a3
e 28 2B
Broad ecosystem S5 g8 £2, 853
Working hypothesis Y SE 55 2£T 8%
component ONDIJ FMAMI JAS Sz S ESE g3
o — E b=t ) E 2= E—
S 3 E =g’ 53
s é 8 & = S
=
Increased diurnal variation in flows (i.e.
hydropeaking) can lead to increased .
yarop g) Macroinvertebrates,

stranding of taxa e.g. American eel elvers,
insect emergence and limit plant
germination

vegetation, habitat

During the Spring, shifts in the timing of

high flow peaks can change community Fish,
structure, for example relocating mobile Macroinvertebrates,
and non-mobile taxa to non-optimal mussels
habitats

An increase in the frequency and

magnitude of high flows reduces habitat Fish

(e.g. flow refugia, oviposition and nesting . ’

. . . macroinvertebrates,
sites), reducing their abundance and mussels
diversity (especially for sessile taxa) and
shifting their assemblages
An increase in the frequency, magnitude .

. . Fish,
and flashiness of high flows does not .
. . . Macroinvertebrates,
provide enough time for aquatic and

L S mussels

riparian taxa to recover (resiliance)
An increase in high flows could increase Habitat

habitat connectivity in headwater and small
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tributaries facilitating range extension for
invasive taxa

During Spring, an increase in the frequency
and magnitude of small or large flood
events may eliminate flow refuges and
reduce recovery and recruitment time,
resulting in reduced abundance and shifts
in assemblage for taxa (particularly those
with limited mobility e.g. mussels, some
benthic macroinvertebrate taxa)

Macroinvertebrates,
mussels

A decrease in extreme low flow magnitude
and an increase in extreme low flow
duration could reduce available habitat
including connectivity and refugia, and
food resources leading to increased stress
and competition in fish, and reduced
growth rates in juvenile fish

Fish, habitat
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Controlled seasonal flows can reduce the
capacity of the ecosystem

Habitat
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Maintain ice processes, disturbance events and habitat connectivity during freeze-up, overwinter and break-up:

Flow component and timing Habitat types
< 8 S o 2
Broad ecosyst SE g E2, 5%
. . road ecosystem 8 S5
Working hypothesis Y S22 25 24T 8%
component ONDIJFMAMIJJAS 8t ©BE £Ts§ g3
3 + o e - E o .E E.
2= 2T Yw” B3
] b= = g B ]
aniiy= < < s}
17) — =
A reduction ice jam-related flooding could
reduce the connectivity to habitats
(floodplains, riparian wetlands, islands and Fish,
smaller tributaries) reducing spawning Macroinvertebrates, . .

habitat for fish, colonisation by
macroinvertebrates and the nutrient inputs
to the terrestrial floodplain

nutrients, habitat

During Winter and early Spring, flood
flows and associated ice scour support the
distribution and composition of vegetation
communities with a high fidelity for flood
and scour disturbance. A decrease in

seasonal flood flow magnitude and Vegetation
frequency may transition communities to

those less dependent on and adapted to

conditions supported by flood and scour

events.

During Winter, a reduction in ice cover and Fish,

ice duration can reduce habitat quality Macroinvertebrates,
across groups mussels
During Winter, a decrease in ice cover

would limit habitat connectivity for Habitat

terrestrial mammals
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During Winter, increased variability in
seasonal flows could induce mid-Winter Habitat
break-up and increase aseasonal inundation
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In Winter and early Spring, a decrease in
ice scouring would reduce the movement
of sediment, debris and vegetation transfer
and deposition in wetlands and floodplain
forests, limit the lateral and longitudinal
transportation of sediment and nutrients

Habitat, nutrients

During Winter and early Spring, increased
ice break-up could increase ice piling near
confluences with the mainstem and could
cause damage to bankside vegetation

Habitat, vegetation

During Winter and early Spring, a decrease

in inundation events would reduce the

creation and adjustment of habitat for Vegetation
disturbance-dependent species (e.g. Silver

Maple)
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Maintain overwinter habitats for resident fish and benthic macroinvertebrates including egg and larval development:

Working hypothesis

Broad ecosystem
component

Flow component and timing Habitat types
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During Winter and early Spring, an
unnatural increase in frazil and anchor ice
formation reduce the quantity and quality
of overwintering habitats and survival,
diversity and abundance of mussels,
benthic macroinvertebrates and fish

Fish

During the Winter, increased frequency
and magnitude of high flow events may
result in increased frequency of mechanical
ice break-up that causes increases in
mussel, benthic macroinvertebrate and
juvenile fish mortality due to scouring of
habitat

Fish

In Winter, a reduction in seasonal flow can
reduce the quantity and quality of
overwintering habitats (extent and water
temperature) and survival of mussels,
benthic macroinvertebrates, fish and their

€ggs

Fish, benthic
macroinvertebrates,
mussels

During the late Fall and Winter, stable low
flow magnitude promotes high quality
spawning habitats for cold-water resident
fish maintaining adjacent phenotypic and

Fish
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genotypic expression within river
populations
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During Winter, an increase in the duration
of extreme low flows could increase the
effects of ice scour and reduce availability
of suitable overwintering habitat for
different species (including fish - Atlantic
Salmon, Brook Trout, Striped Bass, and Fish, terrestrial species
terrestrial species - beaver, muskrat, Wood
Turtle) and reduces Winter emergence of
benthic macroinvertebrates leading to
reduced recruitment and reproduction of
these taxa
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5. Maintain thermal habitat heterogeneity and water quality:

MAES Report Series 2017-035

Working hypothesis

Broad ecosystem
component

Flow component and timing Habitat types
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During Summer and early Fall, a decrease
in extreme low flow magnitude can
increase water temperatures and reduce
water quality leading to increased
metabolism for some taxa and local loss of
taxa

Habitat

From Spring until Fall, an increase in the
duration of extreme low flows could reduce
connectivity and quality of riparian habitat
leading to thermal stress and increased
habitat isolation and fragmentation of taxa

Habitat

During Summer and Fall, a decrease in low
flow magnitude could increase water
temperatures, reducing the fitness of
thermally-sensitive mussel species

Mussels

In Summer and Fall, a decrease in low flow
magnitude and an increase in flow
variability (flashiness) could reduce the
available habitats (particularly margin
habitats) leading to mussel stranding and
increased predation and desiccation risk for
mussels

Mussels
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During Summer, reduced thermal
variability can reduce the temperature cues
for migration of anadromous fishes and the
emergence cues for benthic
macroinvertebrates

Fish,
macroinvertebrates

A reduction in seasonal flow magnitude
and variability would reduce the
availability of suitable thermal refugia

Habitat

In medium tributaries, a reduction in
seasonal flow magnitude and variability
reduces localised zones of groundwater
exfiltration, increasing thermal
homogeneity in habitats

Habitat

MAES Report Series 2017-035
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Maintain valley and island formation, channel morphology, and sediment distribution:

Working hypothesis

During Spring, an increase in the frequency
and magnitude of high flows leads to
increased bank erosion and channel
widening which could lead to reduced
water depth during low flow periods and
reduced habitat quality for salmonids and
benthic macroinvertebrates *

During Spring and Fall, a reduction in the
magnitude and duration of high flow events
maintain sediment movement maintaining
substrate diversity

During Spring, annual high flows (Q>2
years flood event) maintain channel
geomorphologic variability

During the Spring and Fall high flow
events, a decrease in the magnitude,
duration and frequency of high flow events
will eliminate habitat forming processes
necessary for maintaining flowing habitat
structure (e.g. riffle/pool structure, more
homogenous sediments, minimal
distribution of seeds on islands, etc.)

Flow component and timing Habitat types
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Fish, . .
macroinvertebrates
Habitat . . . .
Habitat .
Habitat . . . .

94



In Spring and Fall, a reduction in high flow
magnitude, frequency and duration could
reduce groundwater recharge potential for
hyporheic habitats

Habitat

A decrease in the magnitude and duration
of high flow events reduces the delivery of
nutrients to island habitats

Habitat

MAES Report Series 2017-035

An increase in overland flow leads to an
increase in suspended sediments

Habitat

A reduction in high flows reduces erosion
of vegetated bars and islands, leading to
increased geomorphic stability and
establishment of later successional stages

Habitat, vegetation

During Winter, an increase in ice cover
duration can restrict habitat access in
wetlands and floodplain areas, increase
habitat availability in deep-water wetlands

Habitat

A decrease in low flow magnitude could
increase edge habitat and expose new
habitats (such as islands, sand/point bars,
riffles, shallow habitats, slow-moving
backwaters and bottom habitats)
facilitating expansion of adapted taxa (such
as mussels, sucker, brown bullhead) in
these new habitats

Fish

During Summer, a decrease in the
magnitude and duration of low flows could
reduce reduce channel size and increase
edge habitats, reduce water quality
(increased water temperature, reduced
available oxygen) and increase fine
sediment deposition

Habitat
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A decrease in low flow magnitude could
lead to a decrease in available habitat and Habitat
diversity

Natural variability in seasonal high and low
flows are required to maintain the habitat Habitat
complexity in the river corridor ecosystem

MAES Report Series 2017-035
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7. Promote macroinvertebrate growth and insect emergence:

Working hypothesis

During Spring to Fall, an increase in
seasonal flow magnitude and frequency
could reduce the successful emergence of
benthic macroinvertebrates using the
riparian/edge habitats

During Spring, earlier ice break-up and
earlier Spring freshet could lead to earlier
emergence of aquatic insects

An increase in the duration of low flows
changes the structure of the benthic
macroinvertebrate community, decreasing
the diversity of sessile organisms, and
increasing the diversity of generalists

Flow component and timing Habitat types
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Macroinvertebrates .
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Macroinvertebrates, . .
mussels
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8. Support establishment and growth of floodplain, riparian, and aquatic vegetation:

Habitat types

Working hypothesis

Broad ecosystem
component

Flow component and timing

From early Spring until Fall, a decrease in
high flow magnitude and duration may
limit the dispersal, germination and
establishment (including through
disturbance) of vegetation and maintenance
of aquatic, emergent, riparian, wetlands
and floodplain forests *

Vegetation

A decrease in low flow magnitude and an
increase in low flow duration could
decrease habitat connectivity between the
main channel and
edge/riparian/wetland/floodplain habitats
leading to an increase in terrestrial
vegetation, increase in emergent aquatic
vegetation, and an increase in exotic
species

Vegetation

During Summer and Fall, an increase in
low flow magnitude may increase
inundation and inhibit colonisation of
riparian species

Vegetation

An increase in duration of seasonal flows
could increase channel stability leading to
increased primary and secondary biomass

Habitat

ONDIJ FMAMIJ J A S

Headwater and

small tributaries

Medium

tributaries

Large tributaries
and mainstem

ic]anr‘]c
Wetlands and
floodplain forests
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From Spring to Fall, increased variability

in seasonal flows could shift the vegetation

structure to those tolerant with periodic Vegetation
inundation and alter the

submerged:emergent vegetation ratio
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9. Support mussel spawning, glochidia transfer, juveniles and growth:

MAES Report Series 2017-035

Flow component and timing Habitat types
< 8 8 2
Broad ecosystem 5 E g 8 E 2 8 %
Working hypothesis v 83 5E 22t 3 e
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In Summer and Fall, during juvenile
deposition (between two weeks and a
month after glochidia release), an increase Mussels .
in high flows magnitude and duration may
inhibit successful colonisation of juveniles.
A rapid decrease in stream flow may
decrease depth and result in mussel
. . . . Mussels . .
stranding, particularly in margin/edge
habitats.
From Winter through Summer, during
gametogenisis, a decrease in seasonal flow
i Iter t tu hifti
magnitude may alter temperatures, shifting Mussels . .

thermal regimes that cue gamete
development and release, particularly
affecting sensitive long-term brooders.
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10. Support nutrient cycling, and food web productivity and complexity:

Broad ecosystem

Flow component and timing

Habitat types

Working hypothesis component
From Spring to Fall, during the growing
season, increased flow variability may Fish,
increase decomposition rates and macroinvertebrates,
associated nutrient availability and enhance mussels
establishment and persistence of taxa
During Spring, a decrease in high flow
events and seasonal high flow magnitude .

Nutrients

would reduce nutrient flux between
terrestrial and aquatic ecosystems

ONDIJ FMAMIJ J A S

Headwater and

small tributaries

Medium
tributaries

Large tributaries
and mainstem

iclandc

Wetlands and
floodplain forests

Increasing flow magnitude and duration
will decrease temperatures, increase
oxygen and increase productivity and
distribute nutrients

Nutrients, primary
productivity

During Summer, an increase in the extent
of low flows would decrease connectivity
among habitats leading to increased
vegetation germination rates, loss of habitat
quality of benthic macroinvertebrates and
fish, shift in community structure to more
lentic taxa, increased predation by
shorebirds and larger fish species, and
increased potential for invasive species

Fish,
macroinvertebrates,
vegetation

During Summer, short-term reductions in
the magnitude of low flows may reduce the

Fish, BMI, vegetation
and habitat
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availability or connectivity to shallow,

small tributary habitats, reducing spawning

success and larval development for some
species of fish and reduced abundance of
benthic macroinvertebrates, may reduces
sediment transport resulting in wetland
habitat loss and limit productivity

A reduction in seasonal flow magnitude
and variability would reduce the
distribution of allochthonous and
authochthonous subsidies to the river food
web

Food web

A reduction in seasonal flow magnitude
reduces the seasonal availability of leaf
litter accumulation and decomposition
leading to reduced food availability for
lower trophic levels and altered food web
structure

Food web

Increased homogeneity of seasonal flow
magnitude can increase the longitudinal
structuring of the food web

Food web

An increase in seasonal flow variability
could increase seasonal trophic cascades

Food web

A reduction in seasonal flows leads to a
loss of nutrient inputs and a less complex
food web due to standardised bases

Food web

A reduction in seasonal flows leads to a
reduced ecosystem function because
trophic pathways are less diverse

Food web

From Spring to Fall, a decrease in seasonal

low flows could change the trophic
position of aquatic insect predators (e.g.

Macroinvertebrates

MAES Report Series 2017-035
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dragonflies) and change the trophic height
within these assemblages

Intra-annual flow regulation diminishes the
transfer of terrestrial/riparian nutrients to
the river with overall transfer of riparian-
riverbed energy to the river will be higher
in unregulated rivers

Nutrients

MAES Report Series 2017-035
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Appendix 4. Seasonal flow needs, recommendations, and supporting literature: (A)
Fall; (B) Winter; (C) Spring; and (D) Summer.

Subset of supporting literature for hypotheses and flow needs: ® high flows; © seasonal flows; © low

flows; and © ice-influenced flows.

(A) FALL

* Maintain temperature and water quality and quantity

* Transport of organic matter and fine sediments

¢« - Maintain connectivity between habitats

- Maintain connectivity of habitats for for upstream migration of Atlantic salmon and Brook trout
(Bardonnet and Bagliniere 2000).

- Maintain habitat structure from marine to estuary and freshwater ecosystems, important for the life
cycle of the Striped bass (Bardonnet and Baglinié¢re 2000).

- Ensure enough habitat availability for redd co-existence, specially for Atlantic salmon (Bardonnet and
Bagliniere 2000).

- Maintain valley and island formation, channel morphology and sediment distribution

- Maintain channel morphology and ensure a complexity in the river channels in order to support Atlantic
salmon (Bardonnet and Bagliniere 2000).

* - Maintain overwintering habitats
- Seasonal flows are needed during amphibian hibernation in stream banks.

Maintain specific habitat types or ecosystem components

- Support and maintain spawning habitat for cold-headwater fish, such as Atlantic salmon (COSEWIC
2010) and Brook trout (Raleigh 1982).

- Promote egg, larval, and juvenile development of coldwater fish, such as Atlantic salmon and Brook
trout:

o Ideal habitat for Atlantic salmon is gravel and cobble streambed (Stanley and Trial 1995,
Armstrong et al. 2003) in cool, well-oxygenated waters (COSEWIC 2010), especially during long
incubation periods (Bardonnet and Baglini¢re 2000). The presence of fines can decrease oxygen
levels and degrade refugia (Stanley and Trial 1995). Atlantic salmon prefer shallow and low water
velocities ranging between 30 to 60 cm/s (Armstrong et al. 2003).

o Ideal habitat characteristics of Brook trout is cool, well-oxygenated water (EBTJV 2008, Raleigh
1982). The presence of fines can cause decreased oxygen levels and degrade refugia (Stanley and
Trial 1995). Brook trout prefer shallow, low-velocity waters of <15 cm/s (Raleigh 1982). Striped
bass (Bain and Bain 1982) and Brook trout need stable flows (EBTJV 2008, Raleigh 1982), since
fluctuations reduce habitat availability (EBTJV 2008).

- Maintain vegetative cover in the channel, since it serves as shelter and food for Redbreast sunfish
(COSEWIC 2008a).
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¢ « Maintain high flows and longer-duration high flows for habitat regeneration

- High flows and long-duration high flows may be necessary for the germination and establishment of
riparian wetland vegetation and maintenance of floodplain forests (Nilsson and Svedmark, 2002).

Maintain low flows for habitat stability

- Low flows promote die-back of in-channel plants.

105



MAES Report Series 2017-035

(B) WINTER

- Maintain temperature and water quality and quantity
Maintain connectivity between habitats

. Maintain valley and island formation, channel morphology and sediment distribution

- Seasonal high flow pulses (channel-forming flows) maintain geomorphic disturbance patterns, including
ice scour and floodplain inundation, and maintain in-channel and flood plain habitat structure and
diversity (Ward and Stanford 1995).

Maintain groundwater and hyporheic zone

Maintain ice scour and erosion events

- Seasonal high flow pulses (channel-forming flows) maintain geomorphic disturbance patterns, including
ice scour and floodplain inundation, and maintain in-channel and floodplain habitat structure and
diversity (Ward and Stanford 1995).

Maintain overwintering habitats

- High flows associated with greater Winter precipitation promote availability of overwintering habitats
for Atlantic salmon (Bardonnet and Baglini¢re 2000), Brook trout (Raleigh 1982), Striped bass
(COSEWIC 2012b), and Redbreast sunfish (COSEWIC 2008a).

o Atlantic salmon and Redbreast sunfish require lakes, large pools, and complex river channels
(Bardonnet and Bagliniére 2000, COSEWIC 2008).

o Presence of ice cover is needed for Redbreast sunfish (COSEWIC 2008a) and Brook trout (Raleigh
1982). Brook trout require more than 25% of ice covered area for adults and at least 15% of ice
covered area for juveniles (Raleigh, 1982).

- Habitats with mud and cobble bottoms are needed to support American eel during Winter (COSEWIC
2012a).

- High quality habitat availability is needed for Atlantic salmon redds (Bardonnet and Bagliniére 2000).

- Wood turtle’s (Glyptemys insculpta) require the maintenance of overwintering habitat: 1m depth and 1m
from riverbank in highly oxygenated, sandy bottomed, slow-moving, meandering rivers from late
October to early November (Greaves and Litzgus 2007). They are threatened, so high stress during
nesting, incubation, hatching, and hibernation make them vulnerable to different impacts, such as
agricultural and recreational activities, poaching, habitat fragmentation, and destruction (Walde et al.
2007). Additional stress results from exposure to extreme temperatures from fluctuating water levels
during the overwintering period, and the presence of predators (Greaves and Litzgus 2007).

- Support Winter emergence of aquatic insects and maintain overwintering habitat for macroinvertebrates:

o In small streams, withdrawals during Fall and Winter (>90%) reduce invertebrate density and
richness, while increasing tolerant species (Rader and Bellis 1999).

o Low Winter flows reduce stonefly abundance (Flannigan 1991).

. Maintain specific habitat types or ecosystem components

- Maintain moderate flow conditions to reduce displacement of juveniles and 0+ age classes of Striped
bass (COSEWIC 2012b).

- Maintain sites for early successional vegetation, especially for the endangered (SARA) species,
Pedicularis furbishiae. Dramatic seasonal and long-term fluctuations in water level are detrimental to
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this species (Gawler et al. 1987), which is confined to a shrub-dominated transition zone on the
riverbank, below undisturbed boreal forest and above the sparsely vegetated, frequently flooded cobble
zone. Periodic ice damage may cause habitat instability for this species; an intermediate disturbance
regime is needed to allow time to recover and recolonize the habitat, but not so much time that this
habitat is colonised by other plants (Menges, 1990).

Maintain stable seasonal flows

- Stable seasonal flows are needed to maintain sites for early vegetation and for germination and growth
of plants.

* Maintain magnitude, duration and frequency of high flows

- Maintain wetland and floodplain vegetation by either triggering reproduction of wetland species or
facilitating upland species encroachment.

Maintain low flows and their availability
- Low flows promote die-back of in-channel plants.
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(C) SPRING

* - Maintain temperature and water quality and quantity

* - Maintain connectivity between habitats

- Maintain connectivity between freshwater and brackish water:
o Migration of Striped bass from freshwater to brackish water for spawning (COSEWIC 2012b).
o Upstream migration of Shortnose sturgeon (COSEWIC 2005).

¢« - Maintain valley and island formation, channel morphology and sediment distribution
- Floods and seasonal high-flow pulses are needed to maintain geomorphic disturbance patterns,
including bed load transport, island formation, ice scour, floodplain inundation, in-channel and
floodplain habitat structure and diversity, and redistribution of alluvium and organic matter (DePhilip
and Moberg 2010):
o Seed dispersal depends on high flows (Stromberg ef al. 2007, Merritt and Wohl 2002).
o Transport of bedload material in large river habitats depends on Spring floods and high flow pulses
(DePhilip and Moberg 2010).

- Maintain overwintering habitats

* « - Maintain specific habitat types or ecosystem components
- Support and maintain spawning habitats for nest-building (Redbreast sunfish) and riffle-associates
(Yellow perch):

o Redbreast sunfish requires shallow, warm, and low-flow waters with presence of vegetation mats
and fine gravel substrate for nests (COSEWIC 2008a, Aho et al. 1986).

o Yellow perch prefer low current waters in lacustrine habitats (e.g. pools and slack waters) with
moderate vegetation (>20% of vegetation cover) for spawning, with <10°C for gonad maturation
(Krieger et al. 1983).

- Support and maintain spawning habitats for migratory species (Atlantic sturgeon, Shortnose sturgeon,
American eel) and riffle-associates (Striped bass, White sucker):

o High oxygenated water and high flows are needed during Spring to ensure habitats for Atlantic
sturgeon (Musik 2005) and Shortnose sturgeon (COSEWIC 2005). In fact, Shortnose sturgeon
spawning occurs after Spring peak flows, usually after rain events or regulated high flows (Kynard
1997, Crance 1986).

o Striped bass require moderate velocities to maintain egg dispersal in the water column (Bain and
Bain 1982, COSEWIC 2012b), and rapid fluctuations in flow are detrimental for spawning (Bain
and Bain 1982). However, high discharges (in terms of % natural flow) increase available
spawning habitat (Bain and Bain 1982).

o White sucker require moderate current velocities (>30 cm/s) to maintain egg dispersal in the water
column (Twomey et al. 1984). White sucker require shallow riffles between 10 and 18°C, with
coarse sand and gravel substrate and presence of vegetation (e.g. overhanging grass, weeds, shrubs
and logs) (Twomey et al. 1984).

o Rock, sand, and mud substrates are required for American eel (COSEWIC 2012a).

- Support Spring emergence of aquatic insects and maintainance of habitats for mating and eggs laying:

o Seasonal flows are needed to maintain riffle and pool habitats.

o Ophiogomphus howei (special concern, SARA) require the maintenance of gravel and sand
substrates, including the presence of large rocks and boulders (Tennessen 1993), as well as a short,
seasonal emergence period in June (Gibbs et al. 2004).

- Maintain riparian habitat for emergence of species at risk (O’Malley, MSc. Thesis, University of New
Brunswick):

108



MAES Report Series 2017-035

o Juglans cinerea: Endangered species (SARA) requiring coves, stream benches and terraces, slopes,
and wel-drained soils, as well as flowering from April to June (Rink 1990).
o Symphyotrichum anticostence: Threatened species (SARA) that colonizes the littoral zone of rivers,
with significant volume and flow, at least in Spring. It requires high Spring water volume and ice,
as well as flowering from late July and September (Vaezi 2008).
Stable seasonal flows are needed to maintain sites for early vegetation, germination, and growth of
plants.
Magnitude, duration, and frequency of high flows maintain wetland and floodplain vegetation by
either triggering reproduction of wetland species or facilitating upland species encroachment.
Increased frequency of high flows will increase bank erosion and channel widening, reducing water
depth during low flows and habitat quality for salmonids and BMI.

Low flows promote die-back of in-channel plants with similar consequences.
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(D) SUMMER

Maintain temperature and water quality and quantity
- Maintain water quality: discharge is related to temperature and dissolved oxygen.

* Transport of organic matter and fine sediments
- Transport of organic matter and fine sediment:
o High flow pulses are needed to transport and breakdown coarse particulate organic matter.
o High flow and Summer precipitation are needed to flush interstitial fine sediments from the stream
bed.

Maintain connectivity between habitats
- Cue and direct migration of juvenile American eel (COSEWIC 2012a):
o Seasonal flows are needed to direct upstream migration and provide connectivity between
mainstem and tributary habitats.
o Moderate velocities are needed to ensure upstream migration.
- Maintain connectivity for supporting hatching habitat (fine-to-medium-gravel and sandy composition)
for the Wood turtle from mid-to-late June and an incubation period from July to August (Walde ef al.
2007).

* Maintain valley and island formation, channel morphology and sediment distribution

Maintain groundwater and hyporheic zone
- Maintain connectivity between surface and groundwater, which provides refugia for aquatic
invertebrates during drought conditions and for seasonal temperature regulation.

Maintain specific habitat types or ecosystem components
- Maintain spawning habitat for migratory fishes, such as Atlantic sturgeon (Musik 2005, Niklitschek and
Secor 2005) and American eel (COSEWIC 2012a).

o Atlantic sturgeon require high oxygentated waters with high flows (Musik 2005). Inflows of
freshwater during this period of the year could lead to greater suitable area for Atlantic sturgeon
(Niklitschek and Secor, 2005).

o American eel require rock, sand, and mud substrates, with presence of bottom debris, such as wood
and vegetation, that they use for protection (COSEWIC 2012a).

- Maintain spawning habitat for nest-building fishes, such as Redbreast sunfish, requiring low flows and
substrates ranging from vegetative mats to coarse sand to fine gravel (Aho et al. 1986). Fry require
vegetation for food and shelter (Aho et al. 1986).

Promote development and growth of fish, invertebrates, and amphibians
-Summer and Fall flows are needed to maintain high-flow riffles, low-flow pools, backwaters, and stream
margins (DePhilip and Moberg 2010).
-Magnitude, duration and extent of low flows determine the threshold exceedance and differential
mortality of various fish and BMI species.

Support mussel spawning, glochidia release, and growth
-Maintenance of seasonal flows and low flows support spawning, glochidia release, and interactions
between mussels and host fish. Droughts (i.e. conditions <0.01 m/s and dissolved oxygen <5 mg/L)
increase mussel mortality. In small stream habitats, reduction of >50% of Summer median monthly flows
leads to strong reductions in mussel densities. High flows lead to reduced efficiency of spawning, reduced
glochidia release, and reduced mussel recruitment (Johnson et al. 2001).
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-Yellow lampmussels (Species of Concern by SARA in Lower Saint John river) require sparsely
vegetated or non-vegetated substrates, with fine to coarse sand, on dynamic sand bars. Late-Summer, low
water levels may impact populations due to increases in temperature and exposure (Sabine et al. 2004).
Larval hosts are white and yellow perch.

Promote macroinvertebrate growth and emergence
- Seasonal and low flows maintain depth, velocity, and temperature in riffle and pool habitats:

o Droughts cause loss of taxa, mainly caddisflies and stoneflies. Drastic Summer flow reductions
(>73% median Summer flows) cause reductions in channel width and macroinvertebrate densities
(Nichols et al. 2006).

o Rapid wetting and drying of stream margins affect macroinvertebrate biomass, and communities
(Blinn et al. 1995).

o River heterogeneity near the shoreline is maintained by preserving seasonal flooding, which is
important for an endangered terrestrial arthropod, the tiger beetle (Cicindela marginipennis;
endangered species: SARA) (Hudgins 2011). Seasonal and low flows maintain key habitats of the
tiger beetle, including moist and wet sand areas, cobble bars, and sandy beaches (Hudgins 2011).

o Seasonal and low flows promote vegetation growth by maintaining inundation frequency,
regulating substrate size and soil moisture, and preventing establishment of non-native vegetation.

 High flows and long-duration high flows may promote germination and establishment of riparian
wetland vegetation and maintain floodplain forests
Low flows promote die-back of in-channel plants
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