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FORWARD

Founded in 1977hte Ha mmond Ri ver Angling Association?os
preserve the Hammond River watershed through education, consenetdncommunity
interaction. This membershipased group is an affiliate of the Atlantic Salmon Federatlom

NB Salmon Councilthe New Brunswick Environmental Network and Watershed Caubes

Saint John River Management Committee, and connects witly prawincial watershed and
environmental groups, community organizations and schools throughout New Brunswick.

The HRAA has engaged in many Atlantic salmon habitat and population enhancement programs
since its inception. These programs include stockisly, felectrofishing for juvenile salmon,
salmon spawning assessments, lagge restoration projects and bank stabilization by tree
planting. The HRAA also runs an environmental summer camp, a school education program and
community education through valteer activities that promote watershed stewardship.

The Hammond River watershed is located in southeastern New Bruraswidk a tributary of the
WolastogSaint John RiveiTheHammond Rivewatershed has a total area of 513 kith 561
segments of stams, surmounting a total of 461 km in length (Avg. 0.82+0.91 km) (DNR, 2009).
Forest comprises 336 Rrof the watershed while 64.9 Rns recognized for noforest land use
(DNR, 2009).

Hammond River watershed is located on land that has never beghtcdde Mi 6 k maq, i n
and eastern New Brunswick; the Wolastoqiyik (Maliseet), along the Saint John River Valley; and

the Peskotomuhkatiyik (Passamaquoddy) in the St. Croix River watershed. These three nations are
part of the Wabanaki Confederacy, ielh also includes the Penobscot and Abenaki nations of

Mai ne. Wabanaki is "Land of the Dawno and de:
Maritime provinces.

The Hammond River watershed is situatathe bet we
district of Siknuktuk, which encompasses 1/3 of the province of New Brunswick, along the
Southeastern portion. The Hammond River watershed is also situated in a title claim that was
launched in 2020 by the six Wolastogey communities that make upstqey Nation New

Brunswick. The Hammond River watershed is a tributary of the Wok&4og John River,
meaning Athe beautiful and bounti ful river o.
Nuhwig'ewauk, a Maliseet name with a possible translatigh®fl o w dPhotor Se Bienis. .
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EXECUTIVE SUMMARY

In 2021, with generous support from the New Brunswick Environmental Trust Fund, the HRAA
began undertaking the projed¥laintaining Water Quality Data While Adapting to Climate
Change

The HRAA has successfully updated the 2008 and ¥¢dtershed Managesnt Plansn the 2020
Watershed Management Plamhereby it became apparent that additional measures were needed
to ensure that we are successfully compiling data that aligns wi208&2028 Water Strategy

for New Brunswick.

Maintaining Water Qualitypata While Adapting to Climate Changens to assess the magnitude

of the hydrological alteration associated with climate change, by investigating several tributary
confluence points in the main stem river through assessing sediment transport. In 2208%nd

the Hammond River experienced two baclback historic flooding events, which further altered
water quality and habitat. These flooding events contributed to a geomorphological shift in the
majority of the tributary confluence points, and documesatf these changes is required.

Climate change and its potential to affect the quality, quantity and distribution of water is an
overriding issue that adds to the complexity and magnitude of the other challenges facing the
province. Giverwat er 6 s soci al , environmental, and eco
its quality, quantity or distribution will have a marked effect on our communities, ecosyateims
economic competitiveness. Climate change therefore represents a signifadéerigenthat will

have to be continually assessed and accommodated in public policy de@dttis 2017).

Thefirst objective of this project is to maintain the historical water qualitysgasd 12 tributary

index sites, while expanding to collect @&duhal water quality data above and below these main
sampling siteswith a focus on confluence poinBy expanding our data collection to include
confluence points, we are able to collect additional water quality data to begin to document the
impacts ofclimate change on the riveystem.

The seconabjectiveof Maintaining Water Quality Data While Adapting to Climate Chaisge

collect and assess water quality and habitat in 6 previously undocumented upper tributaries,
located in theCaledonia Highlandsnountain range. Our hypothesis is that these 6 upper
mountainous tributaries are buffering the i mp:
Climate Action Planrecognizes the importance of these mountainous ecosystems, and their
integrated ecosyste services (i.e.: temperature control, erosion control, flood reduction). We
suspect that these mountainous tributaries are essential to maintaining necessary oxygen and
temperature levels for aquatic life in the upper watershed, and that there is &rdireetween

the location of these tributaries and salmon spawning and nursery habitat.

Accor di ng C€hangirgLhnae &€Epgrextreme precipitation amounts accumulated
over a day or shorter will continue to increase; seasonal availabilitgsiiviater is changing;
increase in risk of water supply shortages; warmer winters will produce higher winter flows in
streams and rivers; and warmer summers will increase evaporation of surface water and contribute
to reduced summer water availability. Sdvads and braided bars are increasing downstream of



confluence points in the Hammond River, indicating that the slope is decreasing while
sedimentation is increasing. This project will address climate change adaptation plans through the
survey of confluene points and evaluateow our watershed is changing with tlebanging
climate, and how we may mitigate the negative consequences.

This project upholds goal % f Ne w B r GlimatewActiorkPdagby examining climate

vulnerable species, habitats, alathdscapes as targets for adaptation action and manage for
landscape connectivity to allow for species migration. The confluence points investigated in this
project act as migration corridors for terrestrial and aquatic wildlife, and we must ensureythat th

are stable and properly equipped with healthy riparian zones and healthy water quality. This project
provides the HRAA with baseline data on confluence points, which will allow us to track the
effects that climate change is having on our watershed.r@dts of this project will guide
HRAAG6s future riparian restoration and | andow
while adapting to climate change.

This project also provides a greater sense of the overall health of the Hammond Rivsresdate

by examining previously undocumented tributaries, located in mountainous terrain in the upper
watershed. The protection and conservation of these upper tributaries may hold the key to the
overall longterm success of the Hammond River in the facdiofate change.

Maintaining Water Quality Data While Adapting to Climate Chaggeatly increases our area of
water quality sampling coverage, thereby increasing our understanding of overall watershed
health. This projecexamines the complex relationship between land and water by investigating
the impact of landscape features (vegetation and geology) and water quality (organic and
inorganic) and how these elements affect aquatic biota, resulting in a heightened awdreness o
climate change and the importance of maintaining integrated ecosystem services.

Photo 1 View of the Hammond River from Tabor Bridge with Upham Mountain, part of the Caledonig
Highlands, in the backgrounBhoto: J. Blenis.




PROJECT OVERVIEW
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Map 1: A map of the Hammond River watershed, highlighting the 12 historical index s
and the confluence points investigated as part of this project, as well as the 6 upp
tributaries.Map: J. Kelly& S. Blenis

Monthly water quality samples were collecfed four months between spriffgll to understand

how water quality changes seasonally at each of the 12 index sites and confluence points. Width
and depth at each confluence point was documented, as well as deploying a YSI multiparameter

probe above, witih, and below each confluence point.

Monthly water quality samples were collected for three months between -fgtjras well as

habitat assessments, to provide baseline data on the 6 upper mountainous tributaries. Turbidity and

total dissolved solids samples were collected in the main stemafter heavy rainfall events to
determine sediment transport.



METHO DS
STREAM HABITAT ASSESSME NTS

Stream Habitat Assessments are one of the most powerful tools to observe and collect data. Stream
Habitat Assessments provide us with vital imfi@ation, including identifying which areas are in

need of monitoring and/or restoration, identifying pollution sources, and provide us with the ability

to identify and remediate activities that are negatively impacting stream gBalitye entering a

siteto conduct an assessment, landowners must be contacted, and permission must be obtained to
cross their property. The stream name, da@PS coordinatesand names of the personnel
conducting the stream assessment should be recorded on a/A$semsment Data ForfRor this

project, 6 stream habitat assessments were performed in the 6 upper mountainous tributaries.
Documentation occurs at 100m intervals for 600m above and below the designated water quality
sampling point, allowing for 1.2km ofsaessment occurring in each tributary. Results are then
averaged and tabulated in Excel for analysis. Stream Assessment Data collected includes:

Substrate

The substrate type (streambed composition) is recorded based on the size of the matter which
conprises the streambed at each site. Based on how much substrate falls into each of the following
categories a percentage valuel(@®%) is given:

Type of Substrate [Size of Substrate
Bedrock ledge

Boulder >461mm

Rock 180-460mm
Rubble 54-179mm
Gravel 2.6-53mm

Sand 0.062.5mm
Fines 0.00050.05mm

Substrate Fhbeddedness

The character of stream substrates is important to both physical and biological stream functions
Increases in embeddedness levels decrease the space between particles and limit the available area
and cover for small fish, macroinvertebrates, and periphyton. Shifts to finer materials in particle
size distributions can alter biotic communities by redgspecies diversity and density (Lenat,
Penrose, and Eagleson 1981). An increase in fine sediment reduces geometric mean particle size
and gravel permeability aneads to lower dissolved oxygen levels in pore water (Chapman.1988

Percent |[Embedded
O 2 0 % |Majority of substrate is not embeddeq
20-35% Substrate is somewhat embedded
35-50% Substrate is noticeably embedded
O5 0 % [Substrate is significantly embedded




Undercut Banks

A percentage value {80%) is given foboththe left (facing downstream) and right stream banks

(for a total of 100% of the site) to estimate the percentage of the bank that is undercut/eroding. For
example: a particular site may have a left bank thas% undercut (half of the left bank) and a

right bank that is undercut 50% (the entire right bank).

Woody Debris

Observations of large woody debris (ie: logs) that lie within or partly within a stream are recorded
in meters.Documentation of woody debris may indicate potential barriers to fish passage (i.e.:
culvert blockage); however, it may also indicate excellent fish habitat. Notes should include
whether the debris is potentially helpful or harmful to aquatic species.

Overhaming Vegetation

A percentage value {80%) is given foboththe left and right sides (for a total of 100%) of the
stream to estimate the length of water that has vegetation hanging over it. For example: a particular
site may have a left bank thaa25% of its vegetation overhanging (half of the water length on

the left bank), and a right bank that has 50% of its vegetation overhanging (the entire length of
water on the right bank)Overhanging vegetation provides additional shade, keeping water
temperatures lower, and provides excellent fish habitat.

Erosion
At each site, the stability of both the left and right banks are recorded, and a percentage value

between 660% is given for each bank to total 100&0sion is documented as being stabéaeb
stable, or eroding:

Type Description

Stable There is no evidence of erosion & bank is secure with vegetati
Bare Stable [There is no evidence of erosion, but bank has little vegetation
Eroding The bank is unstable and evidence of erosion

Vegetaton

An estimate is recorded based on the percentage of stream bank vegetation that falls

into the following four categories, in which the vegetation estimate should add up to 100%: bare
ground, grasses, shrubs, and trees. For example: a stream could have surrounding vegetation that
is 20% bare ground, 10% grass, 30% shrubs, and 40% trees.

Crown Coverage

A percentage value {D00%) is given based on the amount of water surface that is shaded. The
amount of shade is, in most cases, a direct result of the amount of overhanging vegetation, and is
also dependent on the time of day and the weattibe time of assessment



Flow Type

A percentage value {D00%) to estimate how the water within the stream flows is given based on
the following categoriesapid, riffle, run, pool, eddy, flat, cascade, and sheet. The overall habitat
should be compsied of a combination of four of the aforementioned flow types, ensuring there is
holding pools, nursery, and spawning grounds within the habitat.

Sinucsity

Sinuosity is an extension of flow type and is a percentage valle0®) to estimate how much
of the stream is straight and how much of the stream is winding.

Forest Matuty

The type of vegetatiois described at each site for the left and right banks. By describing
vegetation, we can identify primary or secondary forest succession and whether the forest is early
or mature. Primary succession describes an area thatoia®viously colonized (e.g.ont bar,

sand dune, slioff slope) and secondary succession is an area that has been distavibeder,

there are remnants of the previous colonizers, (leugnus, root structure). Early (pioneer) forest
succession is indicated by annuals, perenraats shrubs. Eventually, this community transitions

into asoftwooddominated stand with a uniform canopy and then into a mature forest consisting
of hardwood stands with multiple canopy layers. Mature deciduous forests are known to increase
dissolved orgamwi carbon adsorption in the soil and increase available nitrogen (Yan et al., 2015).
Along with the maturity of the stand and the presence of grasses, tree species were identified at
each site for both the left and right bank. Forest matisriipserved wite sweeping the bank and

a general category was assigned to each bank (e.g., immature, mature, wetland, grassland,
secondary succession)

Situational Déa
Documentation should be made, but is not limited to, the following situations:

Beaver/ManMadeDam

Road Ford

Large Amounts of Garbage

Manmade Structures Within or Obstructing Stream Flow
Cattle Crossings

[ ot eI eI en-EN et

Anything obstructing the movement or migration of fish should be well documented with many
pictures and detailed field notes. Depending on the tfgoarrier, its removal maye required.

Pz



WATER QUALITY

LaboratoryAnalyss

In addition to insitu water quality testing with a YSI multiprobe (dissolved oxygen, air
temperature, water temperature, salinity, conductivity, pH, total dissolved solids, and turbidity),
HRAA collected monthly grab samples.

Samples were collected dng normal conditions throughout the spring, summer, and awnchn

were processed at the Saint John Laborafdrgach site, HRAA field staff took oneliter sample

for general chemistry, and one 125ml sample for Total Coliforms, Fecal Coliformis. and.

Samples were taken upstream of the staff, as to avoid unintended sedimentation from entering the
jar.

Samples were labeled with the date, time, and location ID, and were packed in a cooler with ice,
and either delivered to the lab on the same dawese held in the refrigerator at theRAA
Conservation Center overnight and deliveieethe lakthe following morning. Organic chemistry
samples are timsensitive andnustbe delivered to the lab within 24 hours of sampling.

The following are the panaeters that were included in water quality tes{ingaddition to insitu
water quality testing with the YSI)

Aluminum Dissolved Oxygen Nitrogen

Alkalinity E. coli Nitrate

Antimony Fecal Coliforms Nitrite

Arsenic Fluoride pH

Calcium Iron Phosphorus
Cadmium Lead Potassium

Chloride Magnesium Sodium

Copper Manganese Sulfate

Color Mercury Total Dissolved Solids
Conductivity Nickel Total Suspended Solids
Total Kjeldahl Nitrogen Total Coliforms Turbidity

Total Hardness Total Organic Carbon Zinc

These parameters help to identify any major issues in the water quality and allow for potential
sources to become easier to pinpoint and identify.

Sample results have been entered into DataStream, a free, open acqessaddta water quality
data.In 2020,HRAA staff uploaded 22 years of historical data from 1998 to 2@@DataStream

and we have included our 2021 results in our DataStream datdlbésallows staff to have a
greater understanding of the fluctuasoof water chemistry, and potential climate change impacts,
and how the health of our river is faring.



Water Quality hdex

The Canadian Water Quality Index (CWQI) provided by the Canadian Council of Ministers of the
Environment (CCME) is a means tonsmnarize large amounts of water quality data into simple
terms (CCME, 2001). The Index is a series of calculations combining multiple parameters to
produce a value for each site based on:

i.  The number of parameters that exceed guidelines
ii. The number of timeguidelines are exceeded
ii. And the amount by which they are exceeded

For the most accurate measurements, sites should be visited at least 4 times, where at least 4
parameters are monitoredThis processs used to assign a score to each sampling sitel loase

how many parameters were within acceptable limits. For each site, this analysis was carried out
separately for each of the 4 samples taken, and final so@tegsed on cumulative results of each
replication.

For the protection of aquatic life, thalowing parameters were examined to determine the overall
water quality index score of each site:

Aluminum Copper Lead

Alkalinity Chromium pH

Antimony Iron Phosphorus

Arsenic Nickel Temperature

Calcium Nitrogen Turbidity

Cadmium Nitrate Zinc

Chloride Dissolved Oxygen

Once the water quality samples have been cal

protection of aquatic life, they are assigned an overall health score:

WQI Value Rating Degree of Impairment

0-44 Poor Aquatic life 1s threatened, impaitred, or even lost
45-64 Marginal Aquatic life frequently may be threatened or impaired
65-79 Fair Aquatic life i3 protected, but at times may be threatened or impaired
80-94 Good Aquatic life is protected, with only a minor degree of threat or impairment

95-100 Excellent Aquatic life is not threatened or impaired

Bacterial resultsE. coli, fecal coliforms, and total coliforms) have been analyzed separately from
the WaterQuality Index calculator. Acceptable levelsEafcolifor the protection of aquatic fish
health are O 400 MPN/ 1B @liUsdd as(akliadichtarf micrabain a d a ,
concentrations in water, sources of contamination include human and animal fecal matter. Human
sources incorporate failing septic tanks, leaking sewer lines, wastewater treatment plants,



combined sewer. Fecal indicator bacteria can be signific correlated with human density.
Animal sources include manure spread on land, livestock in runoff or in streams, improperly
disposed farm animal wastes, pet wastes, wildified birds.E.coli can be transported to
waterways through runoff. The velociof transporis dependent on the land type (ergn off on
nondeveloped land is sopped up by vegetation leading to increase infiltration into the ground and
an overall reduction of runoff entering that waterway). Seasonal fluctuatioeg@eeted; often

an increase in bacteria is associated with heavy rainfalligher coliform counts during hotter
summer months.

The majority of @rameters usetb calculatethe Water Quality Index are necessary for aquatic
life; however, exceedances thfe guideline upper limits can have negative impacts on aquatic
biota. Descriptions are sourced from the government of New Brunswick facts on drinking water
(2015) and acceptable levels for aquatic fish health are described from the CCME water quality
guidelines for aquatic fish health (2012)

Alkalinity

A measure of the streams buffering capacity. Indicates the waters capacity to resist changes to pH
or neutralize an acid. Alkalinity is derived from the presence of carbonate ions and is closely
relatedto hardnessWater that is too alkalineauses nofoxic ammonia to become toxic. Fish

may have trouble breathing. It can also affect the fish's fins and tails, damaging their growth and
making them look ragged. Ultimately, fish in a highly alkaline emment may fail to thrive and

can eventually die.

Aluminum

The acceptable levels odluminum for the protection of aquatic fish health is 0.005 if pH is

6.5Al uminum i s an extremely abundant mémal i n
of silicates such as feldsp&ievated levels of aluminum can affect some species ability to

regulate ions, like salts, and inhibit respiratory functions, like breathing. Aluminum can
accumulate on the surface of a fish's gill, leading to respirdi@function, and possibly death.

The oxide of aluminugrknown as bauxiteprovides a convenient source of uncontaminated ore.
Aluminum can be selectively leached from rock and soil to enter any water source. Sources
include treatment plants using alumindbased coagulants as well as naturally occurring

aluminum that is found in groundwater.

Antimony

Antimony is anaturally occurring chemical parameter caused by erosion and soil run off.
Antimony has also been found to leak from plumbing and industritiber. Health considerations

with regards to antimony are microscopic changes that occur in tissues and organs such as kidneys
and liver.

Arsenic

The acceptable level of arsenic forthelong er m pr ot ecti on of aquatic
Often a byproduct of mining; however, arsenic also occurs naturally with erosion and weathering



of soils and mineralsArsenic exposure in the aquatic environment cabsegcumulation in
aquatic organismand can lead to physiological and biochemicabdiers, such as poisoning,
liver lesions, decreased fertility, cell and tissue damage, and cell Health concerns associated
with arsenic are skin, neurologicahd vascular effects. Arsenic is also classified as a carcinogen.

Calcium

Calcium is naturally occurring from erosion and weathering of soils and mirersian esential
component of bone and cartilafye aquatic and terrestrial species. Calcitagulates the uptake
of nutrients promotes muscle tone and regular heartbeat

Cadmum

The acceptable level of cadmium forthelong er m pr ot ecti on of aquatic
Mg/ L and in the short term is 1 pg/ L.Cadmium is a trace element that is very toxic to fish. It is
commonly found in surface watec®ntaminated with industrial effluentg/hen dissolved in

water, Gidmiumcan rapidly cause physiological changes in the gills and kidneys of freshwater

fish. Cadmium exceedancearcbe caused by leaching from galvanized pipes as well as industrial

and muntipal waste. Cadmium has been linked with softening of bones and kidney damage.

Chloride

The acceptable level of chloride forthelong er m pr ot ecti on of aquatic
mg/ L and in the short term is 650 mg/ L Chlorideis naturally occurring and s component of

salt Sources include industrial effluents, highway salt, sewage, irrigation and naturally occurring

salt deposits as well as the potential intrusion of sea viiterof salt for deicing roads and parking

lotsin the winter is a major source of chloride. Other sources include wastewater treatment, septic
systems, and farming operations. natural sources of salt and brine in geologic deposits.
Exceedances of <chloride can brasmeregalatonegati ve I

Chromium

The acceptable level of chromium for the longerm protection of aquatic fish health is 1 8.9

pg/ L. Chromium can be byproduct of industrial spills as well as naturally occurring events such
as erosion and weathering ofimarals. Numerous fish species have fatal effect of chromium
like lymphocytosis, anemia, eosinophilia, bronchial and renal lesions. Its high concentration can
harm the gills of fish that swim near the point of disposal of metal products in surface waters
Potentially adverse effects include enlarged liver, skin, respiratory and gastrointestinal irritation.
Acceptable limits of chromium assisittv carbohydrate, cholester@ind amino acid metabolism
regulation for fish species.

Copper

Acceptable limits of copper for the protection of aquatic fish health are dependent on
hardness and ranges from 24 eg/L. Copper ishaturally occurring but can also be sourced from
leaching copper pipes. Too much copper can cause gill fraying in fisth lirhits their ability to
regulate the transport of salts and ultimately, effects their cardiovascular and nervous systems.



Coppercan be toxic to some sensitive fish species and is highly toxic to many invertebrate species.
Even for more tolerant speciagironic copper use can damage gills, kidneys, spleens, and other
organs and systenad can depress the immune syst@eteptable limits of coppeassist fish
specieswith iron metabolismred blood cell production and maintenangen pigmenation and
maintenance of nerve fibers

Fluorde

Acceptable levels of fluoride for the protection of aquatic fish health with long term exposure
i s 1 2 (Fluaeide is lanaturally occurring element from soil and rock erosion. High levels of
fluoride can result in fish and aquatic invertebrate toxicity.

Iron

Acceptable levels of iron for the protection of aquatic fish health is 0.3 mg/INaturally

occurring through mimal and rock erosionlron fertilization or contamination affects the
reproduction and feeding habits of fish and other animals. High concentrations of iron sometimes
result inincreased acidity of watérkilling or hurting aquatic lifeIndustrialized andsewage

effluents are a common source. High levels of iron will build up in tissues and can cause toxicity

in fish. Acceptable | evels of Il ron can assi s
electron export.

Lead

Acceptable levels of leacare based on hardness and can range from7Z ug/L. Lead is a
naturally occurring base metal, and limits above guideline levels can accumulates in fish liver,
kidneys and gills and may cause structural lesions and physical disturlfaiuckss determined

that chronic lead exposure can be so lethal ie@amorphosis, neurologyand other
developmental progressions wik inhibited in aquatic organisms.

Nickel

Acceptable levels of Nickel ranges from 2880 ug/L.Nickel is a naturally occurring base raket

and can be a bgroduct of manufacturing that is released into the environnkést. species
exposed to high levels of nickel may experiesbanges includg hyperplasia, hypertrophy,
shortening of secondary lamellae and fusion of adjacent lamellae. phiasiological and
histological changes indicate that nickel is very hazardous polititantas a high affinity for
organic matter. Nickel poisoning in aquatic organisms can result in surfacing, rapid mouth and
operculum movements, convulsions, and afssquilibrium.

Nitrogen

Acceptable levels of Total Nitrogen (as Malc) for the protection of aquatic fish health is 2.8

mg/L. Nitrogen and phosphorus are nutrients that are natural parts of aquatic ecosystems. Nitrogen
andphosphorusupport the growth of algae and aquatic plants, which provide food and habitat for
fish, shellfish and smaller organisms that live in wdiatexcessiveamounts can cause significant
water quality problems. Together with phosphorus, nitrateexcess amounts cancelerate



eutrophication, causing dramatic increases in aquatic plant growth and changes in the types of
plants and animals that live in the stream. The nitrogen cycle is what keeps the chemical balance
of water at lifesustainable heels for plants and fish.

Nitrite

Acceptable levels of nitrite (as N) for the protection of aquatic fish health is 0.06 mg/L.
Naturally occurring; leaching or runoff from agricultural fertilizer use, maname domestic
sewageHigh nitrite levels are especially harmful to fry and young fish and will negatively affect
their growth. Furthermore, the same conditions that cause elevaiéel ofiten cause decreased
oxygen levels, which further stress the fi€®an affect ion regulation, respiosy function,
cardiovascular, endocrinand execratory processes in fish.

Phosplorus

Acceptable levels of phosphorus for the protection of aquatic fish health is 0.03 mg/L.
Phosploruswill stimulate the growth of plankton and aquatic plants which provide food for fish.
This may cause an increase in the fish population and improve the overall water Goalityuch
phosphorus can causereased growth of algae and large aquatic plasmitéch can result in
decreased levels of dissolved oxyganprocess called eutrophication. High levels of phosphorus

can also lead to algae blooms that produce algal toxins which can be harmful to human and animal
health. Phosphorus is a limiting nutrierfor photosynthesis in fresh water and too much
phosphorus can cause eutrophication in water bodies. Phosphorus is a common constituent of
agricultural fertilizer, manure, organic wastes in sewage and industrial effluents. Adverse effects
only occur at etteme levels.

pH

Acceptable levels of pH must be >6.5 and <Bligh pH levels (914) can harm fish by denaturing
cellular membranes. Changes in pH can also affect aquatic life indirectly by altering other aspects
of water chemistry. Low pH levels accelee the release of metals from rocks or sediments in the
stream Saturation pH is a theoretical pH at which water is stable and will neither form a scale nor
corrode. Toxic to fish outside of the acceptable range.

Zinc

Acceptable levels of zinc fothelongt er m pr ot ecti on of aquanti c f i s
is naturally occurring. High quantities of zinc are toxic to fish; however, zinc is also important for
fish species wound healing abilities, provided it is within acceptable limits.

Turbidity

Acceptable levels of turbidity based on the Surface Water Monitoring Data as provided by

the New Brunswick Department of Environment and Local Government is 10 NTUTurbidity

is an important indicator of the amount of suspended sediment in waieh, gdmn have many
negative effects on aquatic life. Large amounts of suspended soils or clay may clog the gills of fish



and kill them directly. High turbidity can also make it difficult for fish to see and catch prey, and
it may bury and kill eggs laid otine bottom of lakes and rivers. The suspended sediments that
cause turbidity cablock light to aquatic plants, smother aquatic organisms, and carry
contaminants and pathogens, such as lead, mercury, and b&derces of turbidity include clay,

silt, and inorganic matter from natural sources. Turbidity is a measure of water clarity. Increased
turbidity maybeassociated with an increased occurrence of bacteria or pathogens within the water.

Dissolved Oxygen

Acceptable levels oflissolved oxygenfot he pr ot ecti on of aquatic |
early life stages and O6WHen despled oxiygeimecoraesfoo ot her
low, fish and other aquatic organisms cannot survive. The colder water is, the morne ibxyge

hold. As the water becomes warmer, less oxygen can be dissolved in th&woiaheater fish like

trout and salmon are most affected by low dissolved oxygen levels. These fish generally attempt

to avoid areas where dissolved oxygen is less tmag/b and will begin to die if exposed to levels

less than 3 mg/L for more than a couple days. For salmon and trout eggs, dissolved oxygen levels
below 11 mg/L will delay their hatching, and below 8 mg/L will impair their growth and lower

their survival rags. When dissolved oxygen falls below 6mg/L, the vast majority of trout and
salmon eggs will die.

Tenperature, Water

Adult Atlantic salmon prefer water temperatures in the range of 14 to 20°GElson 1969) and

this life stage isensitive to water temperatures above 20°C. Atlantic salmon spawning is triggered
by water temperatures between 4.4°C and 10°C. If the water is too warm (above 15°C), salmon
egg development speeds up too fast, leadirdgher mortality rates and defects.

Photo 2 & Photo 3: Juvenile salmon that were found during the electrofishing survey in the fall of 202
Photos: S. Blenis & J. Kelly.




WATERSHED GEOLOGY

The geology of an area is a significant factor in the overall quality of its water resolinees.
dissolution of numerous minerals from geological formations results in spatial and temporal
variations in water quality and consequently influence human and environmental Asaltter

moves through geologic materials, it dissolves them. The procelsseskoveathering on the
Earth's surface are strongly influenced by climatic factors such as temperature and the quantity
and distribution of precipitatiorfOlson, 2012)Geology is known to strongly influence many of

the constituents of watethemistry; however, few studies have used geologic data to predict
diversity and distributions, even though geology is recognized as one of the abiotic factors
controlling taxonomic diversity and distributions of many terrestrial plants and animals (&mders
and Ferree 2010)

To date, the HRAA has yet to undertake a study on the geological relationship to water quality
specific to the Hammond River watershitiintaining Water Quality While Adapting to Climate
Changeacts as a steppingstone of investigatbetween the link of geology and water chemistry,

as part of the projectdés undertakings focused
of the watershed.

The rocks of New Brunswick belong to the Appalachian Mountain Range, which borders the
Canadian Shield that forms the core of North America. The Appalachians reach from central
Alabama northeast to Newfoundland and eveontinuous with the Caledonides Mountain Range

in northwest Europe until the two ranges became severed with the opening of the present Atlantic
Ocean some 200 million years agmme of the oldest known rocks in New Brunswick are Late
Precambrian limestones that were de@aksduring an early period of ocean openiEgosystem
Classification Working Group).

The majority of the Hammond River watershed passes through the Caledonia Higinhandso

the Lowlands of southeastern New Brunswick. The Caledonia Highlands, part of the Appalachian
Mountain Range, are the remnant of an older mouwfiteming episode, and geologic dating

suggests the Highlands range in age from-@80 million yearsold. The highlands consist of
mainly Late Neoproterozoic volcanic, sedi ment
derived from the Latin word for Scotland, and the highlands extend through Newfoundland,
Norway, Ireland, Scotland, and Wales

The geology of the Caledonia Ecodistrict consists almost entirely of Precambrian bedrock. Some
formations here are dated at around 600 million yaad are among the oldest rocks in the
province.Karst topography is distinctive feature of thEcodistrict The extensive deposits of
limestone and gypsum are susceptible to solution by circulating groundwater, which results in the
formation of caves, sinkholes, and funsbbhped depressioriatospectors in the 1800saavered

many economic minerals in this region: salt, potash, copper, gold, gypsum, zinc, manganese, and
bog manganes@&he more recent mining operations include a silica quarry and a potash mine, both
near Cassidy Lake. Workers at the silica quarry exeaaqtiartzrich, unconsolidatedand,and

gravel deposit, and process the silica locally. The potash mine was situated south of Cassidy Lake
and produced ore between 1985 and its closure in 1997 due to severe underground flooding
(EcosystenClassification Working Group).



In theHammond River watershed, celdater tributaries flow from multipleaamedmountainsof

the Caledonia Highlandsito the Hammond River, including Silver Hill, Prospect Mountain,

Weat herbyds Peak, Upham Mountain, Mc Shrmne Hi l
Mount Theobaldmap: J. Kelly.
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The Hammond Riverds geology, particularly wi't

minerals and base metal occurrence, subsequently having an impact on water qualitizaesults.

geol ogi cal ex pl or at imaltiple intarestingmeeral &6 Mdias deposty e al e
within the Hammond River watershed. Il n 1861,
to pronounce that genuine gold is to be found in this Province, say three miles above the Hammond
Rivero (Morning tNeiws,arl8® li)s Kmnawry,as fAGol d M
in the Caledonia Highlands in the upper portion of the watershed near Hillsdale.

Exploration cont i nu adianganese deposit heartttee heh@vaté&daof the wi t
Hammond River in Matkamvilledn Al | usi on has already been made
lying along the southern side of the Hammond River in the Parish of Upham, in which has recently
been made a discovery of lodes containing lead and cogypées Professor Bailey in864,fi o n e

of these | ocalities is at Henry's Lakeéwhere |
(Bailey etal.,1864By t he 189006s, prospectors were also
copper, lead or silver mine inthe same aifiep:r ospecting for candgoelr , gal

is still going on quietly at the Wannamake place, Hillsdale, on a braribk efammond River. It
is said some very fine ore has been obtained, but prospectors are observing a discrete silence to
their doingso (Weekly Record, 1901).

A mineratrich deposit was also documented 1828 in the aptly named and newly formed
settlemenof Salt Springs. The salt deposit stretches the entire length of the tributary (the longest
within the watershed) and connects to the Nor
saline springs discharge their streams into this river in this beighood that the taste of the
water is perceptibly affectedd (Weekly Obser\
di scovery also details the discovery of a hot
St ewart 6s pgeviptlebadpfthe tiver a moespring, which effects the passing current



with a suitable warmtho (Weekly Observer, 192
to |l ocate this hot springo | ocati werandthel ay an
aguatic diversity!

While interest in the Hammond River watershed

centuries, technology has certainly advanced to assist prospectors. In 2019, Rio Tintf (the 2
largest copper mining company glolyallhad stakedhultiple mining claims along the Hammond

River in the Caledonia Hi ghl a higirstial atedy ipcuded of t |
a helicopter equipped with a geophysical probe that collects magnetic data over a large area,
providing a basis for geologic interpretation and identification of mineral occurrences for further
testing. In this particular area, they were searching for occurrences of base metals, including copper
and zincWhile the mineral claims were abandoned, it#esi Br aveheart Projecto
this current projeicto take stock of our upper, previously undocumented tributaries and the
importance they play on the main stem.

Similar technologycould be used in the future in partnership with the HRAAédtier map the
geological landscape of the watershed and be used in conjunction with water quality results and
biodiversity studies to determine the correlation between water and rock. Additionally, future work
should be undertaketo translate standardeglogic maps into maps depicting chemical and
physical rock properties relevant to water chemistry.

Not only does geology impact water chemistry, but it can also influence the rate of river erosion.
Rivers flowing over hard rock have a slower rate of iergsas the bedrock is more resistant.
Therefore, in areas where there are both hard and soft rocks, river channels and tributaries are more
likely to form along the path of softer rock. Geological factors can also impact water infiltration
(infiltrating into ground water vs runoff), which is of particular importance under a climate change
lensBecause of geologyés role in creating diver
geologies should be conserved to maximize the number of taxa protelsed, (Z012).

Historically, Palmer Brook and Bradley Brook, for example, have been rated as Class C tributaries
under the nowdefunctNB Water Classification Guideand r ecei ved fAPoor o wat
scoreshased ortheir exceedances of aluminum, iron chromium, copper, and mangéness

speculatedn the 2008 and 201®/atershed Management Platigat these exceedancemy be

correlated to the prevalence of industrial spills or industrial byproduct, sewage plaffits,

density, and treatment plants, respectively (CCME, 24dye these exceedances been caused

by anthropogenic factors, or are they a result of the geology of the lower HammonddRriver

perhaps a combination of botfitis area has been the focaimidor gold exploration from the
18906s to the 198060s, and other minerals com
quartz, iron, lead, zinc, chromium, and copper.

For the purpose of this particular study, an initial investigation into HamiRosa geology will

assist with understanding the results from our water quality sampling pragnmg forward,

it is imperative to investigate all landscape variables, not only stream habitat characteristics, land
use and water chemistry, but to include geological variables in interpreting our results and how
this geological lens can apply to species abundance and distribution



RESULTS

The following table summarizes the Water Quality Index rankings. It should be thateitiere

ar e

the following results do not take into account any bacterial exceedasitiegy are not currently

WATER QUALITY INDEX

3 fAHiI st or-duwing e initalspoject apflicatioa, HRAA proposed to sample

12 index site and their subsequent 12 confluence points; however, it was determined that 3 of the
index sites did not have a confluence point (imdex sites are main stem river; one index site
merges with another tributary). This allowed the HRAA to select 3 additional sites for water quality
sampling. To the
years.Additionally, it should be noted that bacterial analysis will be discussed later in this report

best of

our knowl edge,

parameters for the CCME Water Quality Index Calculator 2.0.

WQI WQI

SITE TYPE SCORE  CATEGORY
Jenny Lind Brook Mountain Tributary 100  Excellent
North Branch Index 100  Excellent
O'Dell Brook Historic Site 100  Excellent
Upper Salt Springs Index 94.6 Good
Upper South Stream Index 94.6 | Good
Hammondvale Index 94.5 Good
Jenny Langstroth Brook Index 94.1 | Good
McGonagle Brook Historic Site 94.1 | Good
Mill Brook Mountain Tributary 93.7 | Good
Upper Brawley Brook Index 93.7 Good
Upper Bradley Brook Index 93.4 Good
Hanford Brook Confluence 92.6 Good
Upper Germaine Brook Index 89.7 Good
Hillsdale Index 89.5 Good
Upper Scoodic Brook Historic Site 88.8 Good
Upper Hanford Brook Mountain Tributary 88.3 Good
Salt Springs Brook Confluence 87.6 Good
Isaac Brook Mountain Tributary 87.3 | Good
Brawley Brook Confluence 84.6 Good
Germaine Brook Confluence 83.3 Good
Bradley Brook Confluence 83 | Good
Palmer Brook Confluence 82.6 Good
South Stream Confluence 82.3 | Good
Fowler Brook Index 81.9 Good
Fletcher Brook Mountain Tributary 81.3 | Good
Upper Palmer Brook Index 81.1 Good
Quigley Brook Mountain Tributary 53.3 Marginal
Scoodic Brook Confluence _ 52.1 Marginal

Figure 1. Water Quality Index Rankings from all sites sampled in 202ble: S. Blenis.

t hese



CONFLUENCE BOINT DATA

Overview

From the springall of 2021, HRAA field staff investigated a total of 8 confluence points of index
tributaries. Previously, index sites have been samplednbigtary, and this project sought to gain

a better understanding of the water quality of thedex tributaries when they meet the main stem
river. Placing sites at the outpour point enabled the inference of water quality within the sub
catchment because all upstream water must flow through that point.

Until recently, the ecological importancetabutary confluences had received little attention, but

that is changing. It is increasingly clear tieahfluencesnmatter, not only because they can alter
environmental conditions and elicit a biological response in the channel that they join, but also
because tributaries and their confluence zones are sites of intrinsic ecological value where
particular biophysical processes and ecosystem services may be concentrated (Rice et al., 2008).

Ouir first step was collecting data on confluence zone wet bawidth and depth. Our goal is to
maintain this dataset and continue to examine the physical properties of the confluence zones to
determine if they are changing or shifting over the years.

BRADLEY BRAWLEY SCOODIC HANFORD PALMER GERMAINE S.

STREAM

Width 7.30 4.37 6.42 9.27 28.20 7.10 7.30

(m)

Depth 68.50 27.80 19.50 23.70 N/A 81.00 45.00

(cm)

Figure 2. Confluence Zone data on width and defthble: J. Kelly
It should be noted that Pal mer-thBareaowkstoGdeed | uen

to measure but can conservatively be estimated to be approxidabeiiers deep.

Tributary confluence zones fulfil ecosystem functions and provide a variety of ecosystem services
that will only become more important as anthropogenic pressure on riverine ecosystems grows,
and climate change continues. Confluence zones are importahéyasre places where the
recruitment of water, sediment, and organic matter can have a substantial impact on habitat in the
recipient channel and may also contribute to abrupt changes in mainstem water volume, water
chemistry, organic matter and suppliediisnent (Rice et al., 2008).

Our goal is to highlight the physical and biological properties of these confluence zones, as well
as the water quality relationship between confluence zones and their index sites and how this may
be impacting confluence zospecies biota.



CONFLUENCE POINT DATA

Palmer Brook Confluence

The Palmer Brook subatchment is located in the lower reaches of the Hammond River watershed
and is 19.5 krin size. This sutatchment is the most highly developed in the waterdhad,;

use in this area consists of the Hampton highway (Route 1), the-Cearasla Highway
commercial and residential development, open gravel pits, a sewage field for the municipality of
Quispamsis, some crop land and fallow pastBradford, 2015)Land management issues in this

area have typically consisted of eroding banks and heavy sedimentation (Campbell and Prosser,
2008). These issues are still occurring to date and are mostly attributed to the density of
development in theraa, as the riparian zone appears largely intact (99.9% undeveldjuizd).

influx is known to cause stagnant watethePalmer Broolconfluence zoneesulting in a grease

like film on the water surfacét is the widest and deepest confluence zone deated in 2021.

Photo 4 (left): Palmer Brook Confluence, looking downstream to the main $&wto 5 (right): Palmer Brook
Confluence, looking upstream from the main stBmotos: J. Kelly

Currently, fallow pasture which is prone to seasonal flooding and is adjacent the lowest 250 m of
Palmer Brook is undergoingvegetation efforts, with 1108 native shrubs planted in the riparian
zone in 2021This area is area is known to contain a spfed)cool water source and holding
pools and provides significant habitat for striped bass, Americarbreelk trout and nesting
salmon.The Palmer Brook confluence zone is the most critical migratory holding pool for Atlantic
salmon within the watershed.

In 2008, 2015, and again in 2021, the Palmer Brook confluence zone hagihadncentrations

of aluminum, calcium, carbonate, chromium, copper, magnesium, manganese, phosphorus,
nitrogen and nitrates in comparison to other sites in the watershedvatee heras also turbid

and high in total color unit€. colihas been above guideline limits in 2008 and 2015; however,

in 2021, thek. colilevels did not surpass the guideline of 400 cfu/100Hdrdness and alkalinity
levelsare higher than averagencentrations for the watershdmbth parameters are beneficial to

fish species aBardness eases osmoregulation in fish and a high alkalinity indicates the brook had
a high buffering capacity for changes to pH and carbonate ions.



CONFLUENCE PONT DATA

Bradley Brook Confluence

Fall ow pasture comprises a | arge proportion
other major influences are derived mainly from housing settlements and gravel pits. The Bradley
Brook Confluence zone also contawater from the Jenny Langstroth brook, both of which have
historically been categorized by the HRAA as having poor water quality.

Stream cover at the Bradley Brook confluence zone is minimal, as a result of years of agriculture.
This leads to poor shadend higher water temperatures in the peak summer months. During heavy
rainfall events, there is high levels of sedimentation occurring in the confluence zone, and the
water color appears very tannin and murky, particularly in comparison with otherezar®lnone

sites. Substrate is significantly embedded (80%) at this site, and mainly compromised of sand and
fines, and does not provide ideal fish habitat.

Photo 6 (left): Bradley Brook Confluence looking upstream from the main sRhoto 7 (right): Bradley Brook
Confluence looking downstream to the main stBhmotos: J. Kelly.

While Bradley Brook Confluence contained higher levels of alkalinity amdnleas, indicating

that the confluence zone may adapt to changes in pH and provide suitable water quality for aquatic
species, this site historically contains higher concentrations of iron, copper, and potassium, and
this was confirmed again in 2021. 20@%o recorded higher levels of chloride and sulfaith a

spike in August recording 17mg/L of sulfatee highest level for all confluence zone021.

While the CCME does not currently have a guideline for aquatic species protection for sulfate
exceedancesecent research suggests that elevated sulphate concentrations may have indirect
effects on aquatic ecosystems in terms of increasing phosphorus availability and susceptibility to
eutrophicatiorand excessive algal growthnd mercury mobilizatioMeayset al., 2013)E. coli

is present in the confluence zone; however, it does not exceed guideline levels. Onechistdiric
dataset has been discovered from 1998, Rittolilevelsaveragingl95 cfu/100mLn the summer
months, in comparison with aveeyjlevels during the summer 2021 at 180 cfu/100mL.

of



CONFLUENCE POIN DATA

Brawley Brook Confluence

Brawley Brook is 5 kilometers in length and has one of the smallest outpour sites out of the

surveyed confluence points, only being 4.7m wide and a depth of 27.80cm. Historically, the

Brawley Brook confluence site has been an electrofishing site, andsafma@n fry stocking site

from 20052008. Juvenile salmon have not been recorded in this site for the past 3 years
consecutively; however, there is now documented presence of juvenile smallmouth bass in the
confluence area.

Brawley Brook confluence area contains dense shrub and tree canopy, providing excellent shade
to the brook. Its dissolved oxygen contents remained at acceptable levels (9.5 mg/L to maintain
early life stages and 6.5 mg/L to maintain other life stagesyighimut the sampling period. The
confluence area offers a mix of substrate with a low embedded score (<20%), providing excellent
fish habitat.

Photo 8 (left): View of Bradley Brook confluence point from the main st&hoto 9 (right): View from
Bradey Brook looking downstream towards the main stBhotos: J. Kelly

Sodium, sulfate, and chloride were high in comparison to other confluence zones; however, it is
anticipated that this is a result from road salts entering the watercoursthé&tridge that crosses
Brawley Brook at the confluence point. Bacterial levels were consistently below guideline levels
throughout the sampling period; howevEr, coli levels were slightly higher in the confluence
zone than in the index site, with a seasonal average of 60 cfu/100mL versus 20 cfu/100mL
respectively.

Brawley Brook confluence zone received a wate
the third hghest ranking confluence zone in 2021. There is little development in the area, with no
point source pollution discharges, and the confluence area maintains a healthy riparian zone,
substrate complex, and excellent fish habitat.



CONFLUENCEPOINT DATA

South Stream Confluence

The South Stream Confluence was sampled once in 2015, and was characterized by substrate that
was 25% embedded, the stream was characterized by a clear coloration with great visibility and
defined as 100% riffle. The stream cover was &B#b provided decent shade to the watercourse.

Il n 2020, South Stream received a wattwasthequal it
only area within the watershed to receive a perfect score in 2020; however, HRAA field staff
recognized that South Stream received this perfect score becausdekesampling site was

located well above the confluence point.

During stream habitat assessments in 2020, HRAA staff documented a high density of livestock
having unfettered access to South Stream, below the index sampling site. South Stream, in part,
was the original inspiration for creatingaintaining Water Quality Data While Adapting to

Climate Changewe recognized that we did not have up to date data (and, in some cases such as

Photo 10 (left): View downstream from South Stream at the confluence, looking at the mainPtetn 11
(right): View from the river, looking upstream of South Stream confluePicetos: S. Blenis & J. Kelly

Our suspicions of potential bacterial excesthamwatercourse were confirmed with water quality
sampling in 20241E. colispiked in June, with levels reaching 1340 cfu/100mL, over three times
higher than guideline limits. Dissolved oxygen and phosphorus levels failed 75% of the tests run
through the \ater quality index calculator, and the South Stream confluence area could be
classified as eutrophic, with high levels of macrophyte coverage and substrate embeddedness.

In the fall of 2021, HRAA staff decided to include the South Stream confluencaspat of

their electrofishing project. Staff electrofished approximately 1 kilometer upstream from the
confluence zone, and only found 2 blacknose dace. The index site in South Stream, which had
received the perfect score in 2020, consistently contairsdandance of fish species, including
juvenile salmon; however, it is a stark contrast with the fish species documented in the confluence
zone. South Stream confluence ranked the second worst confluence site within the watershed and
should become a focgloint for future studies (particularly a macroinvertebrate study) and
landowner engagement, particularly with livestock fencing and riparian planting.



CONFLUENCE INT DATA

Scoodic Brook Confluence

The Scoodic Brook site is located adjacent to a Biilding in Upham, and this site represents
the historic index site as well as the confluence pdihis site has historically been rated as a
Class C brook and has always ranked extremely low (if not the lowest) in historic water quality
index ratings. Wfortunately, this site has once again reclaimed its title as poorest water quality
health in the Hammond River watershed.

The flow type changsdrastically throughout the sampling peri@m riffle (50%) and run (50%)

to include many stagnant poolsusad by low water levels and exposed substratbe peak
summer monthsAluminum levels as well as phosphate, nitrogen, and turbidity, are above
acceptable levels for the protection of aquatic lifae site transitios from oligotrophic to
mesotrophiauring the July and September measurements and this periodic transition most likely
cau®sthe prevalent alddilm on the substratelhis site has been the focal point for 2 consecutive
years for sampling for the presence of potentially toxic cyanobaldtenthic mats; however, we

are still awaiting results from the samples collected.

Photo 12 (left): View from the Hammond River, looking upstream of the Scoodic Brook confluBhoto 13
(right): View from Scoodic Brook, looking downstream to thentinond RiverPhotos: S. Blenis & J. Kelly

Given that this site is both the historic index site and the confluence site, a second site needed to
be selected in the upper region of Scoodic Brook, which allowed the HRAA an opportunity to
furtherinvestigate a larger section of this tributary. It is interesting to note that both the upper and
lower sites of Scoodic Brook both exceeded levels of aluminum for the protection of aquatic life;
however, the upper site contained many brook trout, anddwmrilan ideal candidate for future
electrofishing surveys or eDNA analysis to determine presence or absence of juvenile salmon. In
1998, 2020, and 202it should be noted that arsenic has been detected in Scoodic Brook; however,
its occurrence is below gleline levels with an average of 1u§/L. While the Scoodic Brook
area has been a major focal poi nt for resto
inception, it still remains as one of the most water quality stressed tributaries in the entire
wateshed, and it should remain as a top area for further investigation in the future.



CONFLUENCE POINT DATA

Hanford Brook Confluence

Hanford Brook confluence is located Southwest of Upperton and contains low levels of land
development (4%)agriculture use (2.73%) and comparatively low gravel pit density (0.2 %)
according to the 201%/atershed Management PléBradford, 2015). Hanford Brook, in general,

has a very large drainage area of 5,022 hectares, and receives water from Porter &xook, Is
Brook, Jenny Lind Brook, Quigley Brook, Fletcher BroBkycupine LakgHenry Lakeand Tracy

Lake.

The confluence sampling site is located approximately 600m downstream of the confluence point
of Porter Brookin 2008, it was determined that the habitat withant® Brook was insufficient

to maintain aquatic lifegiven its exceptionally high concentrations of cadmium, iron, and
aluminum. Porter Brookcould potentially have a negative impact on the Hanford Brook
confluence area; however, the Hanford Brook comiteesite was the highessinking confluence

site on the water quality index in 2021.

Photo 14 (left): View of Hanford Brook confluence, looking upstream from the main stem arto 15
(right): From Hanford Brook confluence, looking downstream towards the Rhetos: S. Blenis & J. Kelly.

While the majority of the water quality samples were within acceptable limits (or below detection
limits) for the protection of aquaticflie , a major spike occurred in
which has a guideline limit of-2 pg/L (depending on hardness), spiked to@7L or 9x the
acceptable limit. Fluoride, which has a guideline limit of 12fJL spiked to 60,00Qug/L in
Septemberor 500x the acceptable limit. Lead, which has a guideline limitofud/L (based on
hardness), spiked to 13@)/L or 18x the acceptable limit. While this decreased the overall water
quality index score, these higher levels were not sustained througieosarnpling season and

would not have resulted in long term exposameaquatic life.

The Hanford Brook confluence site was incl ud:¢
second highest density of juvenile salmon in the watershed (maintaining its status quo with
historical electrofishing data). Given that Hanford Brook receives virat@r multiple sources, a
larger,sitespeci fic project (i.e.: sampling all of H
greater context tthewater qualityat the confluence point.



CONFLUENCE PONT DATA

Germaine Brook Confluence

The Germaine Brook confluence area has been a historic site for HRAA restoration agtivities
given severe erosion has been occurring at the mouth of the Breolawer portion of Germaine

Brook was planted in 200 however, this rehabilitation work was redad as unsuccessful. In

2010, a second attempt at riparian restoration efforts was successful at removing blockages created
by bottlenecked debris and creating anéter buffer zone along the bank of the brook.
Subsequently, this work has eroded away, taedower Germaine Brook is experiencing major
changes to the channel pathway causing significant bank erosion, damage to adjacent farmland
and the loss of important salmon spawning habBeddford, 2015).

In 2008, it was noted that high natural déesiof juvenile salmon have determined that stocking
was not recommended for this tributary; however, HRAA staff have not been able to locate any
juvenile salmon in 3 consecutive years during electrofishing. The Germaine Brook confluence area
was also one regarded as having the highest density of salmon spawning redds in the watershed;
however, only 1 small redd was recorded in 2021, and zero were recorded in 2020.

Photo 16: Germaine Brook confluence, with the main stem river in the backgroundtidosand bar and fineg
deposited in the mouth of the confluence pdifitoto: S. Blenis

Germaine Brook confluence experienced similar spikes of copper, fluoride, iron, and lead in
September, similar to Hanford Brook. Given the close proximity of these tributaries, it is probable

that they share similar geologic makeup. Germaine Brook cowfussteived a decent water

gual ity index score of 83.3, or fiGoodod, erosic
solids, and the degrading riparian zone has been having a negative impact on fish habitat. This site
needs to be given top prity for future riparian restoration initiatives in order to (hopefully)

restore its salmon spawning and juvenile habitat.



CONFLUENCE POINTS AND INDEX SITES: A COMPARISON

It is apparent that tributaries and confluence zones are important sites iavtheiight, with
intrinsic biological value beyond their importance for structuring communities at larger #sales.
pressures on riverine ecosystems grow, particularly from climate change, nutrient loading and
anthropogenic factors, the ecosystem valuealmitary confluence zones will become increasingly
important (Rice et al., 2008).

Maintaining Water Quality While Adapting to Climate Changas one of the first major
undertakings from the HRAA to investigate the water quality in confluence zones; however, the
HRAA has performed many other studies in these confluence zones, particularly electrofishing.
Historical electrofishing data has releh a tendency to have the highest density and greatest
species abundance in many of these confluence zones compared to index sites further up in the
tributary, even though the index sites may have overall better water quality.

With oneexception, (Hanford Brook confluence), all of the confluence sites ranked in the lower

half of the water quality indexrankings bel ow t heir r es p ®amerBroek i nde x
confluence site was the only other site thatramked its index amterpart, and this can be
attributed to higher mine density, road density, agriculture, and other anthropogenic stressors
located in the upper Palmer Brook index site.

A comparison of the bacterial parametees ¢oli, fecal coliforms, and total colifars) also
confirms that confluence areas tend to have elevatgtent and bacteridévels compared to the
upper reaching index sites.
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Figure 3. Comparison oE. colilevels in confluence points and their respective upper index sitg
Figure: S. Blenis.




For water uses, such as drinking water (if untreated) and recreation, bacteriological parameters
need to be included in the calculation of the CCME WQI. For aquatic life protection,
bacteriological parameters need not be inclu@&dME 2017);however, investigating bacterial
content in freshwater sources may pinpoint potential land use issues that may ‘asehizg

affects (i.e.: highE. coli levels may indicate that livestock are nearby a watercourse, and said
landowner may & using additional nutrients to grow hay for the livestock, increasing nutrient
loading in the watercourse).

= = =

Eoy [=1] =] (=] [ Eoy
= = = = =1 =
o [=] [=) o o o
L

Fecal Coliform; Total {(CFU/100mL
(=]
=1
[=]

(=]

s =B !&l&'é;m

fa)
L;“-D“:- :—‘.‘ln'c'Er dp":‘{‘r L;"D“:-gcqug J%’-—"C‘ L“-“D"br-lg aD’rp;g {‘—-'ﬁb 3“{1?2‘"‘.‘7&'::7"'" rgag?n ool
Cog :?_.-;I,, Ty —Ta o B0 S Ol MOn '-n Y Broa C 8, lra, :
e Brot Yiey g, Cy 5,00k C‘r'-rﬁa“"?e é:isé‘rcd, Tk ﬁo"?.*l? 3’”0& CO,;; ook ne, Cong, “ong
% (197% (5)°F 03)Men Pok 7 (15 ) Yence (1) Hency e, Hene, e o VEneg
J ~..‘{i_/_|19/| (1) er’) {'e, r“;)I r;;),

Figure 4 (upper): A comparison of fecal coliform levels between confluence points and upper index si
Table: S. BlenisFigure 5 (lower): A comparison of total coliform levels between confluence points and u
index sitesFigure: S. Blenis.
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The CCME guideline recommends that dissolved oxygen shouddsbg/L to maintain early

life stages and 6.5 mg/L to maintain other life stagfemjuatic life. All of the index sites and their
respective confluence points maintained average dissolvecioxggels acceptable to support
other life stages of aquatic life. Upper Brawley Brook, Brawley Brook Confluence, Upper South
Stream, South Stream Confluence, and Upper Germaine Brook consistently maintained dissolved
oxygen levels to support early lifeagies of aquatic life; however, it should be noted that early life
stages of salmon (i.e., fry, parr) were documented in Hanford Brook Confluence in 2021 with the
second highest density of juvenile salmon in the watershed.
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Figure 6. Comparison of @erage dissolved oxygen levels between the index sites and their respective con
points.Figure: S. Blenis.

Dissolved oxygeris affected by water temperature making cool habitats a crucial component to
any healthy stream system in the summer. Wifiesolved oxygens low, the community will

become stressed and further reductiordissolved oxygewran occur as well as emigiati Late

summer measurements indicated warm water temperatures (> 21°C) and low dissolved oxygen
levels (> 65 mg/L) occurred in the Palmer Brook confluence zané Scoodic Brook confluence

zone. Decreases in dissolved oxygen >6.5 mg/L in peak summethsianboth Palmer Brook
confl uence and Scoodic Brook confluence have
water quality dataset; however, the fig&fOm upstream from the Palmer Brook confluence is
closed to angling aftefune 30thwhich assig with decreasing potential angling stress on fish
during hotter water temperatures and lower dissolved oxygen levels.



Turbidity andtotal suspended solid€f SS)are the most visible indicators of water quality. These
suspended particles can come from soil erosion, runoff, discharges, stirred bottom sediments or
algal bloomsAn increase in turbidity can also indicate increased erosigstredm banks, which

may have a longerm effect on a body of water. Erosion reduces habitat quality for fish and other
organismswhile sttleable solids can suffocate benthic organisms and fishaeginay smother

insect larvae and other fish food sow&ources of turbidity include clay, silt, and inorganic
matter from natural sources. Turbidity is a measure of water clarity. Increased turbidibemay
associated with an increased occurrence of bacteria or pathogens within the water. Acceptable
levelsof turbidity based on the Surface Water Monitoring Data as provided by the New Brunswick
Department of Environment and Local Government is 10 NTU.

Turbidity, Total (FNU)

Figure 7. Comparison of turbidity in index sites and their respective confluence peigtse: S. Blenis.

HRAA field staff monitored for turbidity throughout the 2021 field season and collected additional
data onturbidity post heavy rainfall events at index and confluence sites. On average, the long
term turbidity levels in each sampling site remained below 10 NTU. After heavy rainfall events,
turbidity levels spiked above 10 NTU in Upper Hanford Brook, Upper IByaBrook, Scoodic

Brook Confluence, Upper South Stream, Bradley Brook Confluence, Upper Palmer Brook,
Germaine Brook Confluence and South Stream Confluence, with the highest spike recorded in
Scoodic Brook Confluence after 2 separate heavy rainfall eventiasl suspended solids results
reflected turbidity levels, with spikes occurring post heavy rainfall events in the Palmer Brook
Confluence, South Stream Confluence, and Scoodic Brook Confluence.

While turbidity and TSS do not have CCME guidelines lierprotection of aquatic life, lorgrm
exposure to high levels of turbidity acdn impact feeding and nesting behaviors, as fish often
flee areas of high turbidity for new territories. For the fish that remain in the turbid environment,
suspended sedimecan begin to physically affect the fish by clogging dMiyer & Shaw, 2006).



MOUNTAINOUS TRIBUTARIES

Overview

Maintaining Water Quality Data While Adapting to Climate Chasgeght to explore new regions

of the watershed to determine their impact on the main stem river, particularly in the face of climate
changeMany scientists believe that the changes occurring in mountain ecosystems may provide
an early glimpse of what ctiuicome to pass in lowland environments, and that mountains thus act
as early warning systesr(Koehler & Maselli, 2009).

HRAA staff selected 6 previously undocumented tributaries that lie in the Caledonia Mountain
region within the watershedill Brook, Quigley Brook, Fletcher Brook, Isaac Brook, Upper
Hanford Brook, and Jenny Lind Brook. While there are many other mountainous tributaries located
in the Hammond River watershed, staff specifically selected these 6 tributaries as they are close to
the heawaters of the Hammond River and can all be easily accessible via the same route off of
the Vaughan Creek Road for ease of sampling and documentation.

All 6 tributaries immediately have multiple aspects in commntloare are no residential dwellings
bordeing on these tributaries; there is no agriculture alongside of these watercourses; there is no
road salt, minimal road maintenance, and low traffic density; these tributaries are by and large
naturally occurring with no human interference. The main antlyepc stressor that all 6
tributaries face is forestry and lumber harvesting.
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Map 2: Highlighting the 6 mountainous tributaries surveyed in 2021. Quigley Brook flows into Fletcher B|
which subsequently flows into Hanford Brook. Jenny Lind Brook and Isaac Brook are also tributaries
Hanford Brook Map: base layer: GNBadditional sites: S. Blenis.




MOUNTAINOUS TRIBUTARIES CHARACTERISTICS
Mill Brook

Mill Brook Riparian Vegetation

Bare 10%
Grasses 10%
= Moss/Ferns 10%
® Shrubs 0

W Trees 70%

DCascade 5%
EEddy 0
[Fallo
[Flat 5%
BPool 5%
WRapid 0
WRiffle 0
WRun 85%

W Sheet 0

Mill Brook Substrate

= Bedrock 5%
u Boulder (>250mm) 5%
® Clay 0
Cobble (30-130mm) 35%

# Gravel [2-30mm) 10%
u Rock [140-250mm}) 40%
u sand (<0.06-2mm) 5%

= Silt (<0.06mm) 0

Photo 17 (top left): Upper reach of Mill Brook surveffigure 8 (top right): Riparian
vegetationFigure 9 (middle left): Flow TypePhoto 18 (middle right): Middle of Mill
Brook.Photo 19 (bottom left): Sampling site for Mill Brookzigure 10 (bottom right):
Substrate Type®rook trout and bait fish (minnows, dace, sculpin) were observed in {

culvert ouflow pool throughout the 2021 seasaulvert provides fish passage, with som
angling occurring at the outflow podthotos: J. Kelly. Figures: S. Blenis.




Mil | Brook

Bank Characteristic Left Bank Right Bank
Forest Maturity Mature Mature
Slope High High
Overhanging/egetation 50% 50%
Undercutting 5% 5%
Shade 45% 45%
Stable 40% 40%
Bare Stable 5% 5%
Eroding 5% 5%

Map 3 (top left): LIDAR imaging, demonstrating the valley that Mill Brook passes throy
before reaching the main steRigure 11 (top right): Bank CharacteristicBhoto 20 (bottom
center): Mill Brook below the sampling siteubstrate embeddedness was <20% embedy
Brook is clear in color, with steep slopes occurring on both the left and right bank. M
Brook would be an excellent candidate for future electrofishing surveys or eDNA analy
presence/absencégalmon.Map: DNR. Figure: S. Blenis. Phatd. Kelly.




TAINOUS TRIBUTARIES CHARACTERISTICS
Quigley Brook

ot

Quigley Brook Riparian Vegetation

Bare 5%

Grasses 20%
= Moss/Ferns 20%
B Shrubs 0
W Trees 55%

QUIGLEY BROOK FLOW TYPE

O Cascade 25%
HEddy 0
OFall 5%
mFlat0

B Pool 25%

W Rapid 0
WRiffle 0

W Run 45%

W Sheet 0

Quigley Brook Substrate

Ah
.

u Bedrock 30%
u Boulder (>250mm) 40%
u Clay0

Cobble (30-130mm) 20%
= Gravel (2-30mm) 10%
= Rock (140-250mm) 20%
u 5and (<0.06-2mm|} 0

uSilt (<0.06mm) O

Photo 21 (top left): Upstream of the sampling sigégure 12 (top right): Riparian vegetation
Figure 13 (middle left): Flow typePhoto 22 (middle right): Downstream of the sampling
site.Photo 23 (bottom left): The sampling site at the culvert outfl&gure 14 (bottom

right): SubstrateBrook trout were observed in the culvert outflow pool throughout the 2

sampling season. Culvert allows fish pass&fetos: J. Kelly, S. Blén Figures: S. Blenis.




Quigley Brook

Bank Characteristic Left Bank

Right Bank

Overhanging Vegetatior 30% 25%
Undercutting 5% 5%
Shade 20% 20%
Stable 45% 50%
Bare Stable 0% 0%
Eroding 5% 0%

Map 4 (top left): LIDAR imaging of Quigley Brookigure 15 (top right): Bank
characteristics?hoto 24 (bottom center): Quigley Brook below the sampling site. Stee
slopes, excellent riparian coverage, and substrate is <20% embedded. Undercut banK
for excellent fish habitat, while the cascades allow foebent dissolved oxygen
Figures: S. Blenis. Photo: J. Kelly.




MOUNTAINOUS TRIBUTARIES CHARACTERISTICS

Fletcher Brook

Fletcher Brook Riparian Vegetation

Bare 20%
Grasses 20%
® Moss/Ferns 10%
m Shrubs 10%
H Trees 40%

O Cascade 15%
Eddy 0%

DOFall 5%

™ Flat 0%

@ Pool 20%

M Rapid 0%

m Riffle 0%

@ Run 60%

B Sheet 0%

Fletcher Brook Substrate

= Bedrock 10%
1 Boulder (>250mm) 20%
® Clay0

Cobble {30-130mm) 10%
u Gravel [2-30mm) 10%
= Rock {140-250mm) 10%
u Sand {<0.06-2mm) 20%

# Silt {<0.06mm) 20%

Photo 25 (top left): Upstream of the sampling sitggure 16 (top right): Riparian vegetatiofrigure 17

(middle left): Flow typePhoto 26 (middle right): Downstream of the sampling sioto 27 (bottom left): The
sampling site at culvert outfloirigure 18 (bottom right): Substrate type. Brook trout were obsdrv
throughout the sampling season at the culvert outflow pool. Culvert allows fish passage.

Photos: S. Blenis & J. Kelly. Figures: S. Blenis.




Fletcher Brook

- Bank Characteristic Left Bank Right Bank
| ForestMaturity Mature Mature
Slope High High

Overhanging Vegetatiof 30% 30%
Undercutting 0% 5%
| Shade 50% 50%
Stable 25% 25%
Bare Stable 5% 5%
Eroding 20% 20%

Map 4 (top left): LIDAR imaging of Fletcher Brooligure 19 (top right): Bank
characteristic?hoto 28 (bottom center): Fletcher Brook below the sampling $itis picture
was taken at noon on a bright sunny day, demonstrating the high level of shadeasiat i
over the brook. Fletcher Brook offers an excellent matrix of flow types, as well as undg
banks and woody debris in the brook, providing excellent fish habitat.
Photos: J. Kelly. Figures: S. Blenis.




Uppe Hanford Brook

Photo 29 (top left): Upstream of the sampling sik@gure 20 (top right): Riparian vegetatiofrigure
21 (middle left): Flow TypePhoto 30 (middle left): Downstream of the sampling sighoto 31
(bottom left) The sampling sit€igure 22 (bottom right): Substrate. Brook trout and minnows we
observed in this stretch in the 2021 sampling sed¥uwotos: J. Kelly. Figures: S. Blenis.





















































































