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ABSTRACT

Gibson, M.P., McNichols-O’Rourke, K.A., and Morris, T.J. 2024. 2023 Unionid
Monitoring and Biodiversity Observation (UMBO) Network assessment in the Maitland
River watershed, Ontario. Can. Data. Rep. Fish. Aquat. Sci. 1395: vii + 36 p.

Unionid freshwater mussels are ecologically valuable in aquatic ecosystems and
also one of the most globally imperiled taxa. Managed by Fisheries and Oceans
Canada, the Unionid Monitoring and Biodiversity Observation (UMBO) Network collects
and analyzes long-term monitoring data for freshwater mussel species at risk (SAR)
across southwestern Ontario. The Maitland River watershed was first sampled as part
of UMBO in 2008 because of the presence of two Special Concern species:
Cambarunio iris (Rainbow) and Lampsilis fasciola (Wavyrayed Lampmussel). The
second survey (first monitoring event) occurred in 2023 and is outlined in this report.
Surveys were conducted in areas previously sampled using the same quantitative
methodology: 75 m? were systematically excavated within 25 individual 15 m? blocks
(375 m? area). A total of 642 mussels representing 10 live species were detected across
all sites. Two mussel SAR were found (n = 406), accounting for ~ 63% of the mussel
community. Site abundance varied from 24 to 276 mussels and live site species
richness ranged from 3 to 9 species. Mean density (x standard error) at each site
ranged from 0.32 (+ 0.08) to 3.68 (+ 0.78) mussels/m?. Mean species richness at each
site ranged between 0.21 (x 0.04) to 1.07 (x 0.10) species/m?. The most abundant
species (and most abundant SAR) was C. iris with 335 live mussels observed across all
sites. Monitoring of the Maitland River watershed UMBO sites will be significant in
tracking changes in the overall mussel community and supporting the recovery of the C.
iris and L. fasciola populations.
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RESUME

Gibson, M.P., McNichols-O’'Rourke, K.A., and Morris, T.J. 2024. 2023 Unionid
Monitoring and Biodiversity Observation (UMBO) Network assessment in the Maitland
River watershed, Ontario. Can. Data. Rep. Fish. Aquat. Sci. 1395: vii + 36 p.

Les moules d’eau douce de la famille des unionidés ont une grande valeur
écologique dans les écosystémes aquatiques et constituent 'un des taxons les plus
menaceés a I'échelle mondiale. Géré par Péches et Océans Canada, le réseau UMBO
(Unionid Monitoring and Biodiversity Observation — observation de la biodiversité et
surveillance des unionidés) recueille et analyse des données de surveillance a long
terme sur les espéces de moules d’eau douce en péril dans le sud-ouest de I'Ontario.
Le bassin versant de la riviere Maitland a été échantillonné pour la premiére fois dans le
cadre des activités du réseau UMBO en 2008 en raison de la présence de deux
espéces préoccupantes : Cambarunio iris (la villeuse irisée) et Lampsilis fasciola (la
lampsile fasciolée). Le deuxiéme relevé (premiére activité de surveillance) a eu lieu en
2023 et est décrit dans le présent rapport. Des relevés ont été réalisés dans les zones
échantillonnées précédemment en utilisant la méme méthodologie quantitative : 75 m2
ont été systématiquement excavés dans 25 blocs individuels de 15 m2 (375 m2 ). Au
total, 642 moules représentant 10 espéces vivantes ont été détectées sur 'ensemble
des sites. Deux espéeces de moules en péril ont été trouvées (n = 406), représentant ~
63 % de la communauté de moules. L’abondance dans les sites variait de 24 a 276
moules et la richesse en espéces vivantes des sites variait de 3 a 9 espéces. La densité
moyenne (x erreur-type) dans chaque site variait de 0,32 (+ 0,08) a 3,68 (£ 0,78)
moules/m2, et la richesse moyenne en especes de chaque site était comprise entre
0,21 (£ 0,04) et 1,07 (£ 0,10) especes/m2. L’espéce la plus abondante (et 'espéce en
péril la plus abondante) était C. iris, avec 335 moules vivantes observées dans
'ensemble des sites. La surveillance des sites du bassin versant de la riviere Maitland
visés par 'UMBO sera importante pour suivre les changements dans 'ensemble de la
communauté de moules et pour soutenir le rétablissement des populations de C. iris et
de L. fasciola.
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INTRODUCTION

Unionid freshwater mussels are ecologically valuable in aquatic ecosystems
(Vaughn 2018). They are also one of the most globally imperiled taxa and a variety of
factors are responsible for their decline including pollution, habitat degradation, invasive
species, climate change and the loss of host fishes (Lopes-Lima et al. 2018; Ferreira-
Rodriguez et al. 2019; Bohm et al. 2020). Of the 535 freshwater mussel species
assessed by the International Union for Conservation of Nature in 2017, a total of 217
(41%) are considered at-risk and 89 (17%) are data deficient (Ferreira-Rodriguez et al.
2019). In North America, 67% of unionid species are classified as threatened and near-
threatened (Lopes-Lima et al. 2018).

In Canada, there are 55 species of unionid mussels [Lower Great Lakes Unionid
Database (LGLUD) 2024] and 20 species (37%) have been assessed as at-risk (Special
Concern, Threatened, Endangered) by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC; Government of Canada 2023). Southwestern Ontario
holds the most speciose assemblages of unionid mussels in all of Canada; there are 41
species in Ontario (Metcalfe-Smith et al. 2005), 16 of which, have been assessed as
species at risk (SAR) by COSEWIC (Government of Canada 2023).

In 1999, Canada’s long-term monitoring program for freshwater mussels was
established by Environment Canada (currently Environment and Climate Change
Canada; ECCC) within the Sydenham River (Metcalfe-Smith et al. 2007). The federal
Species at Risk Act (S.C. 2002, c.29) (SARA) was established in 2002 and Fisheries
and Oceans Canada (DFO) became the responsible jurisdiction for protecting aquatic
species listed under The Act. Given this responsibility, the monitoring program
transitioned from ECCC to DFO in 2004 and expanded to include seven additional
watersheds. The goal of the program was to collect baseline information on freshwater
mussel assemblages to track changes through time for a number of variables including
density, richness, and habitat changes. The program is now known as the Unionid
Monitoring and Biodiversity Observation (UMBO) Network.

The Maitland River flows into Lake Huron with a watershed capacity of
approximately 2,500 km?, with primary land use being agriculture (McGoldrick and
Metcalfe-Smith 2004). Timed-search surveys were conducted between 1998 and 2004
by Environment Canada, determining that 12 species inhabit the river (McGoldrick and
Metcalfe-Smith 2004; LGLUD 2024; Table 1). Of the sites surveyed, six sites were
selected as monitoring sites across the watershed, based on accessibility, total
observed abundance, presence of SAR, total abundance of SAR, species richness, and
habitat type (Figure 1; Sheldon et al. 2020). The six sites were located across the
watershed’s tributaries: one site in the Lower Maitland River, one site in the Little
Maitland River, one site in the Middle Maitland River, one site in the South Maitland



River, and two sites in the North Maitland River. These were originally surveyed in 2008
by DFO, and Sheldon et al. (2020) provides the detailed results of these surveys. In
summary, a total of 443 individuals representing 12 species were found including two
species of SAR: Cambarunio iris (Rainbow) and Lampsilis fasciola (Wavyrayed
Lampmussel). These two species are currently listed as Special Concern species under
SARA (Government of Canada 2023). The mussel assemblage in the Maitland River
watershed was found to be relatively low in both density and abundance during the
initial quadrat survey thus meeting criteria outlined in DFO (2006) for critical status.

The information in this data report summarizes the results of the second survey
(first monitoring event) for the six UMBO sites in the Maitland River watershed which
occurred from June 5 to July 12, 2023.

METHODS
SAMPLING METHODS

Surveys followed the methods of Metcalfe-Smith et al. (2007) in areas previously
sampled using the same methodology. The sites surveyed were those described in
Sheldon et al. (2020). The 2008 sample areas were located using coordinates,
photographs, and site descriptions from the original sampling events and a visual
search of the area confirmed the continued presence of mussels within the plot area
prior to sampling. A 375 m? area was delineated and a systematic sampling approach
was performed by dividing the area into 25 blocks, each 3 m x 5 m in size. Using a
random number generator, three 1 m? quadrats were randomly selected for complete
excavation for each block at a given site (Figure 2). The surveyed area was sampled in
the downstream to upstream direction and each quadrat was surveyed using the
following four stage process: (1) visual search with the naked eye; (2) visual search with
a Nuova Rade Aquascope underwater viewer (Lalizas lItalia Srl., Busalla, Genova, Italy);
(3) manual excavation of the substrate to a depth of 10 — 15 cm; and, (4) final search
with an underwater viewer to recover any mussels missed or dislodged during
excavation. All live mussels found were identified to species, sexed visually (if sexually
dimorphic; Table 1), and measured (maximum length in millimeters) using Vernier
calipers. Whole shells and valves of species not found live at the site were identified to
species and recorded. After processing, live mussels were returned to the 1 m? area
from which they were collected. Vouchers (digital or shells) were collected for each
species encountered following Morris et al. (2022). Ten individuals could not be
positively identified in the field and genetic samples were therefore collected from these
animals (9 genetic swabs and 1 whole-animal; Appendix A). Genetic samples were
subsequently sent to the Hanner Lab at the University of Guelph for processing where
molecular analyses were conducted and sequences compared to reference sequences
in the Barcode of Life Data System (BOLD) to confirm identifications (Appendix A,
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Hanner pers. comm. 2024; Ratnasingham and Herbert 2007). For genetic swabs, up to
400 pL of the lysis buffer was used; for the whole-animal voucher, a subsample of foot
tissue was used (Hanner pers. comm. 2024).

ENVIRONMENTAL DATA COLLECTION

Prior to block delineation, environmental parameters were collected at each site.
Air temperature was measured using a Kestrel 2000 Pocket Wind Meter (Nielsen-
Kellerman Co., Boothwyn, Pennsylvania, U.S.A.). Water temperature and chemistry
data were measured using a YSI EXO2 multiparameter sonde (YSI Inc., Yellow
Springs, Ohio, U.S.A.). In addition, quadrat-specific data were collected before and after
excavation. Data collected before excavation included: water velocity (m/s) using an
OTT MF Pro flow meter (OTT HydroMet, Kempten, Germany); depth (m) using a metre
stick; and water clarity (m) using a 0.60 m turbidity tube. Three depth measurements
were taken in each quadrat and the average depth was recorded. Data collected after
quadrat excavation included a visual assessment of substrate composition (%) using
modified Stanfield (2010) substrate class categories: bedrock, boulder (> 250 mm in
diameter); cobble (65 — 250 mm); gravel (2 — 65 mm); sand (grainy, 0.06 — 2 mm); silt
(floury, < 0.06 mm); clay; muck (soft substrate); and detritus (plant matter). In addition,
visual descriptions of the degree of siltation (high, medium, slight, absent), degree of
algal growth (high, medium, slight, absent), shading (dense, partly open, open), and the
presence or absence of aquatic macrophytes were also recorded for each excavated
quadrat. Any errors or information not collected were not included in summaries.

DATA ANALYSIS

Site Density and Richness

Following methods described in Goguen et al. (2022), mean site density
(mussels/m?) was calculated for each site. Density of each block at each site was
calculated using the following formula:

T

[1] Dpiock = 7

where T is the total number of freshwater mussels in the block and A is the total area
sampled in the block (i.e., 3 m? quadrats). Equation [1] was then used to calculate the
mean site density:

__ X Dblock;

[2] Dsite -

n

where Y. Dyock, is the sum of block densities within a site and n is the total number of
blocks surveyed at the site.



Species richness (live mussel species/m?), as described in Goguen et al. (2022),
was calculated for each site using the following equation:

__ number of species

[3] SRpiock = "

where number of species represents the total number of species in the block and A is
the total area sampled in the block (i.e., 3 m? quadrats). Equation [3] was then used to
calculate the mean site species richness:

__ X SRpiock;

[4] SRy =

where Y SRy0ck, is the sum of the block species richness values within the sampling
event and n is the total number of blocks.

Population Size Structure

Length frequency distribution plots were produced for the most abundant species
(watershed abundance greater than 50 mussels). Separation between juvenile and
adult life stages is indicated visually on each plot. Length axes bins were adjusted to
allow for visualization of juvenile cut-offs. Juveniles were defined as individuals under
an identified length that was chosen for each species using available data (i.e.,
preliminary DFO unpublished data, Haag 2012, Haag and Rypel 2011). Age data using
shells from southwestern Ontario, including the Maitland River, were used to determine
juvenile cut-off lengths for each species when available. However, when local data was
not available for a species, data from other populations in North America were used. It
is important to note that population size structure can vary widely among species and
waterbodies (Haag 2012), and it is most useful to determine these sizes for each
species at a waterbody scale.

Proportion of Juveniles

The proportion of juveniles of a species was calculated for the most abundant
common species and SAR. It was calculated by dividing the number of juveniles by the
total number of individuals of a species found within the watershed (i.e., the summation
of all individuals of that species across all sites).

[5] X juveniles = %

where ), J; is the sum of all juveniles (individuals under the identified juvenile cut-off
length) from all sites across the watershed and n is the total number of mussels found at
all sites across the watershed.



DATA VISUALIZATION

Figures and maps were created in R version 1.1.7 (R Core Team 2022; Posit
Team 2023) using the ggplot2 package (Wickham 2016). Additional packages used for
map creation were cowplot (Wilke 2020), ggrepel (Slowikowski 2023), ggspatial
(Dunnington 2022), maptiles (Giraud 2022), sf (Pebesma 2018), terra (Hijmans 2022),
and tidyterra (Hernangomez 2024).

RESULTS

In 2023, six sites were surveyed in the Maitland River watershed through June
and July (Table 2). A total of 642 mussels representing 10 live species were observed
across all sites (Table 3). Two (n = 406) of these were SAR, and together these species
made up ~ 63% of the community. One additional species, Pyganodon grandis (Giant
Floater), was represented by shells and valves only and was observed at 50% of the
sites (Table 3). Previous work (Layer et al. 2022) has identified confusion amongst
Maitland River Lampsilini and eight individuals could not be positively identified to
species. These individuals were classified as Lampsilis sp. and are included in
abundances but not species richness values. Among sites, abundance varied from 24 to
276 individuals and live site species richness ranged between three and nine species;
however, only one site had fewer than six species. The site with the highest abundance
was MR-09 (with a live site species richness of eight), accounting for ~ 43% of the total
number of mussels found in the surveys. The site with the highest live species richness
(MR-14) had the second highest abundance (156 mussels). For detailed species
information including abundance, relative abundance, density, and frequency of
occurrence for each species at each site refer to Appendix B.

Mean site density (+ standard error) across the Maitland River watershed ranged
from 0.32 (+ 0.08) to 3.68 (+ 0.78) mussels/m? (Table 4). Mean site species richness
ranged from 0.21 (+ 0.04) to 1.07 (+ 0.10) species/m? (Table 4).

As in 2008 (Sheldon et al. 2020), Cambarunio iris was not only the most
abundant SAR but also but the most abundant species in the Maitland River watershed
with 335 live individuals observed across all six sites (Table 3). The majority (210
individuals) were found at a single site, MR-09 and it was found live at all sites
surveyed. Lengths (n = 334) ranged from 9.2 to 72.0 mm with ~ 4% (n = 14) determined
to be juveniles (< 22.7 mm, preliminary DFO unpublished data; Figure 3). Lasmigona
costata (Flutedshell) was the most abundant non-SAR species with 94 individuals
observed and was also found live at all sites (Table 3). Lengths (n = 94) ranged from
32.6 to 113.0 mm with ~ 2% (n = 2) individuals classified as juveniles (< 49.2 mm,;
Appendix C; Figure 4). Lampsilis fasciola, a SAR, was the third most abundant species.
A total of 71 individuals were found across all sites and it was found live at 5 of 6 sites.



Lengths (n = 71) ranged from 22.7 to 91.6 mm with < 9% (n = 6) classified as juveniles

(< 35.8 mm, preliminary DFO unpublished data; Figure 5). There were 55 Alasmidonta

viridis (Slippershell) individuals across all sites, with lengths (n = 55) ranging from 12.8

to 35.5 mm. No individuals were classified as juveniles (< 11.7 mm; Appendix D; Figure
6).

The mean (+ standard error) for air temperature and water temperature at UMBO
sites were 21 (£ 1)°C and 21.1 (£ 1.49)°C, respectively (Table 5). Mean YSI EXO2
water quality parameters were as follows: conductivity was 485.02 (+ 18.95) us/cm,
TDS was 341.60 (+ 14.55) mg/L, salinity was 0.25 (+ 0.01) psu, dissolved oxygen in
percent was 119.73% (+ 14.96) and in mg/L was 10.53 (+ 1.14) mg/L, and pH was 8.22
(£ 0.12) (Table 5). Water velocity (m/s) ranged from 0.048 (+ 0.004) to 0.36 (+ 0.012)
and depth (m) from 0.25 (x 0.008) to 0.43 (£ 0.012) (Table 6). Water clarity (m) was
consistently greater than the turbidity tube used for the survey, which goes to a
maximum of 0.60 m, at all quadrats across all sites. Substrate in the Maitland River
watershed consisted of high percentages of cobble (23.1 — 38.8%), gravel (20.0 —
34.1%), sand (10.8 — 22.3%), and boulder (6.7 — 29.9%). Descriptive ranges of siltation,
algal growth, shading, and presence of aquatic macrophytes are provided in Table 6.
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TABLES

Table 1. Mussel species found live (Y) and as shells (SH) in the Maitland River watershed during previous timed-searches
(1998-2004), initial survey (2008) and the current survey (2023). Species information regarding the 1998-2004 timed-
search surveys is from LGLUD (2024). Species information regarding the 2008 survey is from Sheldon et al. (2020).
Watershed Species Richness includes species found only as shells. Species at risk (SAR) are highlighted with their
current Committee on the Status of Endangered Wildlife in Canada (COSEWIC) assessment, federal Species at Risk Act
(SARA) listing (Government of Canada 2023), and provincial Endangered Species Act (ESA) listing (Government of
Ontario 2023) as of December 2023. Nomenclature here and throughout follows MolluscaBase eds. (2024) for scientific
names and Williams et al. (2017) for common names.

Scientific Name Common Name 1998-2004 2008 2023 ,COoLWIC - SARA ESA
ssessment (Federal) (Provincial)
Alasmidonta marginata Elktoe Y Y Y
Alasmidonta viridis Slippershell Y Y Y
Anodontoides ferussacianus  Cylindrical Papershell Y Y -
Cambarunio iris** Rainbow Y Y Y g el PEAE PEAE
oncern Concern Concern
Lampsilis cardium* Plain Pocketbook Y Y Y
Lampsilis fasciola* WEIEDEE Y Y Y ekl gk Threatened
Lampmussel Concern Concern
Lampsilis siliquoidea™ Fatmucket Y Y Y
Lasmigona compressa Creek Heelsplitter Y Y Y
Lasmigona costata Flutedshell Y Y Y
Ortmanniana ligamentina Mucket Y Y Y
Pyganodon grandis Giant Floater Y Y SH
Strophitus undulatus Creeper Y Y Y
Watershed Species Richness 12 12 1

*Sexually dimorphic species
TSpecies currently listed under SARA and formerly known as: Villosa iris
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Table 2. Unionid Monitoring and Biodiversity Observation Network sites and dates sampled in the Maitland River

watershed in southwestern Ontario. Dotted lines represent divisions between sub-watersheds. Sites are presented in

western to eastern order by their sub-watershed and in downstream to upstream order within each sub-watershed.

Site . . . Original Date
Code Drainage Waterbody Sub-watershed Latitude Longitude Survey Date Surveyed
MR-01 Lake Huron  Maitland River LoweFr{i':/"::t'a”d 43.7736111 -81.540278  30-Jul-2008  04-Jul-2023
MR-09 Lake Huron South Maitland — South Maitland 43.6846 -81.54101  31-Jul-2008  10-Jul-2023
River River

MR-16 Lake Huron 'iddle Maitland — Middle Maitland 43 a5g98 8131941 12-Aug-2008  13-Jun-2023
River River

MR-14 Lake Huron  L-itle Maitland — Little Maitland 43.80927 -81.14052  22-Jul-2008  07-Jun-2023
River River

MR-02 Lake Huron  Maitland River 43.8872 -81.28238  17-Jul-2008  27-Jun-2023

North Maitland

River

MR-21 Lake Huron Maitland River 43.85602 -80.98267 16-Jul-2008  05-Jun-2023
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Table 3. Species information for each UMBO site surveyed in the Maitland River watershed in 2023. Sites are presented in western to eastern order by their sub-
watershed and in downstream to upstream order within each sub-watershed. Species at risk (SAR) are highlighted in grey. S(#) represents species found as

complete shells and the number of shells found. V(#) represents species found as valves (one half of a complete shell) and the number of valves found. Lampsilis
sp. is included in the abundance totals but is not included in the species richness totals. Total Site Species Richness includes both live species and species found

only as shells.

Watershed
Scientific name Common Name MR-01 MR-09 MR-16 MR-14 MR-02 MR-21 Abundance
Alasmidonta marginata Elktoe 7 2 3 12 1 (V)1 25
Alasmidonta viridis Slippershell 22 21 1 4 5 2 55
Cambarunio iris Rainbow 9 210 65 19 13 19 335*
Lampsilis cardium Plain Pocketbook 6 8 8 23 2 (V)3 46
Lampsilis fasciola Wavyrayed Lampmussel 6 26 11 24 4 0 71
Lampsilis siliquoidea Fatmucket 0 0 1 0 0 0 1
Lampsilis sp. 3 1 3 8
Lasmigona compressa Creek Heelsplitter 0 2 0 1 0 (V)1 3
Lasmigona costata Flutedshell 7 3 12 68 1 3 94
Ortmanniana ligamentina Mucket 0 1 1 1 0 0 3
Pyganodon grandis Giant Floater 0 S(1) 0 0 (V)1 (V)2 (V)3, (S)1
Strophitus undulatus Creeper 0 V(1) 0 1 0 0 1
Site Abundance 57 276 103 156 26 24 642
Live Site Species Richness 6 8 8 9 6 3 10
Total Site Species Richness 6 10 8 8 7 7 11

*Total number of individuals observed is higher than the number of individuals in the length frequency distribution (Figure 3) because length data were not available for all individuals.
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Table 4. Density (mussels/m?) and species richness (Richness, live mussel species/m?) + standard error for each UMBO site sampled during 2023 surveys in the
Maitland River watershed, Ontario. Species richness does not include Lampsilis sp. Sites are presented in western to eastern order by their sub-watershed and in
downstream to upstream order within each sub-watershed.

MR-01 MR-09 MR-16 MR-14 MR-02 MR-21
Block Density Richness Density Richness Density Richness Density Richness Density Richness Density Richness
1 1.00 0.67 1.33 1.00 1.67 0.67 0.33 0.33 0.33 0.33 0.00 0.00
2 0.00 0.00 1.67 0.67 1.67 0.67 1.00 1.00 0.00 0.00 1.33 0.33
3 0.33 0.33 5.33 1.33 3.67 1.00 5.33 2.00 0.67 0.67 0.67 0.33
4 0.33 0.33 1.67 0.67 2.33 1.33 1.33 0.67 0.67 0.67 0.67 0.33
5 1.00 0.67 3.00 1.00 1.67 0.33 2.33 1.00 0.67 0.67 0.00 0.00
6 1.67 1.00 1.33 0.67 1.00 0.33 4.00 1.67 0.00 0.00 0.00 0.00
7 0.33 0.33 0.00 0.00 2.00 1.00 2.00 1.00 0.33 0.33 0.33 0.33
8 0.33 0.33 1.00 0.33 1.00 0.67 2.00 1.33 0.33 0.33 0.00 0.00
9 1.33 0.67 2.33 0.67 1.00 0.67 3.00 1.00 1.00 0.33 0.33 0.33
10 0.00 0.00 3.00 0.67 1.00 0.33 1.00 1.00 0.33 0.33 0.33 0.33
1 0.33 0.33 3.67 0.67 2.33 0.67 4.00 1.67 0.00 0.00 0.33 0.33
12 0.00 0.00 4.67 1.33 1.00 0.33 2.33 1.33 0.33 0.33 1.33 0.67
13 0.33 0.33 1.33 0.33 0.33 0.33 3.00 1.33 0.00 0.00 0.00 0.00
14 0.33 0.33 1.00 0.33 1.00 0.67 1.00 0.33 0.33 0.33 0.00 0.00
15 0.67 0.33 4.33 1.00 2.00 1.33 1.33 1.00 1.00 0.67 0.33 0.33
16 1.33 1.00 16.67 1.67 1.33 1.00 1.00 0.67 0.00 0.00 0.00 0.00
17 1.33 1.00 0.67 0.67 0.67 0.67 2.67 1.00 0.00 0.00 0.33 0.33
18 1.00 1.00 1.33 0.67 0.00 0.00 1.00 1.00 0.00 0.00 0.33 0.33
19 2.33 1.33 3.33 1.33 1.33 0.33 2.33 1.00 0.33 0.33 0.67 0.33
20 0.00 0.00 9.33 1.33 0.00 0.00 2.67 1.67 0.67 0.67 0.33 0.33
21 0.33 0.33 1.33 0.67 0.33 0.33 3.33 1.33 0.33 0.33 0.33 0.33
22 0.67 0.67 2.00 1.00 1.33 1.00 1.33 0.67 0.67 0.33 0.33 0.33
23 2.33 1.67 9.00 1.67 3.00 1.00 3.00 2.00 0.00 0.00 0.00 0.00
24 1.00 1.00 2.00 0.67 0.33 0.33 0.33 0.33 0.67 0.67 0.00 0.00
25 0.67 0.67 10.67 1.67 2.33 1.00 0.33 0.33 0.00 0.00 0.00 0.00
Mean 0.76 0.57 3.68 0.88 1.37 0.64 2.08 1.07 0.35 0.29 0.32 0.21
Standard Error 0.13 0.09 0.78 0.09 0.18 0.07 0.26 0.10 0.07 0.05 0.08 0.04
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Table 5. Environmental parameters collected at each UMBO site during 2023 surveys in the Maitland River watershed,
Ontario. Sites are presented in western to eastern order by their sub-watershed and in downstream to upstream order

within each sub-watershed.

Mean
Environmental Parameter (* Standard
MR-01 MR-09 MR-16 MR-14 MR-02 MR-21 Error)
Air Temperature (°C) 25.0 23.0 20.0 19.0 19.0 20.0 21.0+£1.0
Water Temperature (°C) 25.9 23.29 15.2 21.773 21.27 19.225 21.11+£1.49
Conductivity (us/cm) 569.0 431.6 488.7 456.0 482.5 482.3 485.02 + 18.95
Total Dissolved Solids (mg/L) 363.55 289.92 390.6 315.53 338.08 351.9 341.60 £ 14.55
Salinity (psu) 0.27 0.21 0.29 0.23 0.25 0.26 0.25+0.01
Dissolved Oxygen (%) 143.1 149.7 76 162.8 85.7 1011 119.73 * 14.96
Dissolved Oxygen (mg/L) 11.63 12.76 7.6 14.28 7.58 9.32 10.53 + 1.14
pH 8.29 8.37 7.88 8.7 7.99 8.09 8.22 +0.12
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Table 6. The mean + standard error and descriptive range of environmental data collected during quadrat excavation at
each UMBO site during 2023 surveys in the Maitland River, Ontario. Sites are presented in western to eastern order by
their sub-watershed and in downstream to upstream order within each sub-watershed.

MR-01 MR-09 MR-16 MR-14 MR-02 MR-21
Water Velocity (m/s) 0.048 + 0.004 0.11 £ 0.007 0.34 £ 0.01 0.21+£0.03 0.36 £ 0.01 0.28 £ 0.02
Depth (m) 0.33+0.01 0.43 +£0.01 0.38+0.02 | 0.3204 + 0.01 0.36 £ 0.009 | 0.25+0.008
Water Clarity (m) > 0.6 > 0.6 > 0.6 > 0.6 > 0.6 > 0.6
9 Bedrock 0.33+0.24 4.37 £1.09 22.31 1+ 3.98 0.00 £ 0.00 0.20 £ 0.11 0.00 £ 0.00
= | Boulder (> 250 mm) 9.79+0.98 29.87 + 1.51 20.89 £ 2.16 8.66 £ 1.19 6.73+0.57 | 16.69+ 0.99
2 | Cobble (65-250 mm) 29.74 £ 1.21 26.07 £ 0.94 23.13+1.65 29.86 + 1.57 38.81+1.58 | 29.36+1.13
§_ Gravel (2-65 mm) 30.04 £ 1.25 20.4 £ 0.83 20.04 £ 1.27 34.14 + 1.28 29.63+1.14 | 31.88+0.88
g Sand (0.06-2 mm) 19.52 £ 0.92 16.03 £ 0.99 10.8 £ 1.07 22.27 £ 1.42 18.7+1.08| 21.41+1.10
3 Silt (< 0.06 mm) 749+ 0.64 1.93 + 0.66 0.00 £ 0.00 1.67 £ 0.45 0.13+0.09 0.08 £ 0.08
£ | Clay 0.067 £ 0.067 0.067 + 0.07 0.07 £ 0.07 1.07 £ 0.47 0.13+0.13 0.15+0.10
§ Muck 1.027 £ 0.43 0.93 £ 0.40 0.00 £ 0.00 1.67 £ 0.45 02+0.2 0.16 £ 0.16
@ | Detritus 0.67 £0.22 0.33+0.17 0.09 £ 0.09 0.67 £ 0.26 0.13+0.09 0.27 £ 0.16
Siltation medium-heavy | slight-heavy slight-heavy slight-heavy slight-heavy slight-heavy
Algal Growth slight-medium | slight-medium | absent-medium | absent-heavy | slight-medium | absent-heavy
Shading open open open open open open-dense
Aquatic Macrophytes | absent-present | absent-present | absent absent-present | absent-present | absent
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Figure 1. Six Unionid Monitoring and Biodiversity Observation (UMBO) Network sites surveyed in the Maitland River
watershed in 2023. Originally established and surveyed in 2008 (Sheldon et al. 2020). Species Richness represents live
site species richness (number of live mussel species) from the 2023 surveys. Map tiles by Esri, under CC BY 4.0. Data by
OpenStreetMap, under ODbL.
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Figure 2. Systematic sampling design (Metcalfe-Smith et al. 2007) implemented at
UMBO sites surveyed in the Maitland River watershed using 1 m? quadrats in a block

setup. The shaded boxes represent the three randomly selected quadrats for
excavation, which were excavated within each block.
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Figure 3. Length distribution of Cambarunio iris (Rainbow) found in the Maitland River watershed (n = 334) during 2023
UMBO surveys with (A) all individuals combined and (B) sexes separated. Unknown represents individuals that could not
be sexed. Dashed line represents individuals classified as juveniles (< 22.7 mm, preliminary DFO unpublished data).
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Figure 4. Length distribution of Lasmigona costata (Flutedshell) found in the Maitland River watershed (n = 94) during
2023 UMBO surveys. Line represents individuals classified as juveniles (< 49.2 mm) based on calculations and
parameters from Haag and Rypel (2011) and Haag (2012).
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Figure 5. Length distribution of Lampsilis fasciola (Wavyrayed Lampmussel) found in the Maitland River watershed (n =
71) during 2023 UMBO surveys with (A) all individuals combined and (B) sexes separated. Unknown represents
individuals that could not be sexed. Dashed line represents individuals classified as juveniles (< 35.8 mm, preliminary
DFO unpublished data).
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Figure 6. Length distribution of Alasmidonta viridis (Slippershell) found in the Maitland River watershed (n = 55) during
2023 UMBO surveys. Line represents individuals classified as juveniles (< 11.7 mm) based on calculations and
parameters from Haag and Rypel (2011) and Haag (2012).
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APPENDICES

Appendix A. Summary of results of molecular analyses from Hanner Lab at University of Guelph (Hanner pers. comm.
2024). Dashes represent individuals that could not be identified from the specified method. Visual Identification represents
individuals identified in the field or from digital vouchers. Digital vouchers provided following table.

Voucher Length Sex Genetic Voucher Genetic Result from Visual Identification
Site Code ID (mm) Type Hanner Lab
LS-04 85.4 M Swab - Lampsilis sp.”
MR-09
LS-05 94 .4 M Swab - Lampsilis sp.”
AV-00 15.7 U Whole-Animal Alasimidonta viridis Alasimidonta viridis
Cl-02 72 M Swab Cambatrunio iris Cambatrunio iris
LC-01 81.5 M Swab - Lampsilis sp.”
MR-14
LS-01 113.2 M Swab - Lampsilis sp.”
LS-02 101 U Swab Lampsilis cardium -
LC-02 103 M Swab - Lampsilis sp.”
OL-01 1131 U Swab - Ortmanniana ligamentinat
MR-16
LS-03 104.7 M Swab - Lampsilis sp.”

*Could not be confirmed genetically, identified to genus
TCould not be confirmed genetically, identified to species from digital vouchers
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Voucher

D Lateral View of Left Valve Wide Dorsal View Dorsal Close-Up View
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Voucher

D Lateral View of Left Valve Wide Dorsal View Dorsal Close-Up View

LS-02

28



Voucher

D Lateral View of Left Valve Wide Dorsal View Dorsal Close-Up View

LC-02
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Voucher

D Lateral View of Left Valve Wide Dorsal View Dorsal Close-Up View
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Voucher

D Lateral View of Left Valve Wide Dorsal View Dorsal Close-Up View

LS-03
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Appendix B. Site specific information on species abundance (number of mussels),
relative abundance (%), density (mussel/m?), and occurrence (% of individuals across
quadrats). Species at risk (SAR) are highlighted in grey. S(#) represents species found
as complete shells (i.e., two valves) and the number of shells found. V(#) represents
species found as valves (i.e., one half of a complete shell) and the number of valves
found. Sites are presented in western to eastern order by their sub-watershed and in

downstream to upstream order within each sub-watershed.

Site MR-01
_ Abundance Relative Density Occurrence

Species (No. of Abundance (mussels/m?) (% of

mussels) quadrats)
Alasmidonta marginata 7 12.28 0.09 8.00
Alasmidonta viridis 22 38.60 0.29 24.00
Cambarunio iris 9 15.79 0.12 10.67
Lampsilis cardium 6 10.53 0.08 8.00
Lampsilis fasciola 6 10.53 0.08 8.00
Lampsilis siliquoidea 0 0.00 0.00 0.00
Lampsilis sp. 0 0.00 0.00 0.00
Lasmigona compressa 0 0.00 0.00 0.00
Lasmigona costata 7 12.28 0.09 9.33
Ortmanniana ligamentina 0 0.00 0.00 0.00
Pyganodon grandis 0 0.00 0.00 0.00
Strophitus undulatus 0 0.00 0.00 0.00

Site MR-09

Species Ab(:lr:)c.ie:)r;ce Relative Density , Occurrence

mussels) Abundance (%) (mussels/m?) (% of quadrats)
Alasmidonta marginata 2 0.72 0.03 2.67
Alasmidonta viridis 21 7.61 0.28 20.00
Cambarunio iris 210 76.09 2.80 73.33
Lampsilis cardium 8 2.90 0.1 10.67
Lampsilis fasciola 26 9.42 0.35 29.33
Lampsilis siliquoidea 0 0.00 0.00 0.00
Lampsilis sp. 3 1.09 0.04 4.00
Lasmigona compressa 2 0.72 0.03 1.33
Lasmigona costata 3 1.09 0.04 4.00
Ortmanniana ligamentina 1 0.36 0.01 1.33
Pyganodon grandis S(1) 0.00 0.00 0.00
Strophitus undulatus V(1) 0.00 0.00 0.00
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Appendix B. Continued.

Site MR-16
Abundance Relative . Occurrence

Species (No. of Abundance (mt?::;:},mz) (% of

mussels) (%) quadrats)
Alasmidonta marginata 3 2.91 0.04 4.00
Alasmidonta viridis 1 0.97 0.01 1.33
Cambarunio iris 65 63.11 0.87 49.33
Lampsilis cardium 8 7.77 0.11 8.00
Lampsilis fasciola 11 10.68 0.15 12.00
Lampisilis siliquoidea 1 0.97 0.01 1.33
Lampsilis sp. 1 0.97 0.01 1.33
Lasmigona compressa 0 0.00 0.00 0.00
Lasmigona costata 12 11.65 0.16 10.67
Ortmanniana ligamentina 1 0.97 0.01 1.33
Pyganodon grandis 0 0.00 0.00 0.00
Strophitus undulatus 0 0.00 0.00 0.00

Site MR-14
Abundance Relative . Occurrence

Species (No. of Abundance (ml?se:;:ymz) (% of

mussels) (%) quadrats)
Alasmidonta marginata 12 7.69 0.16 13.33
Alasmidonta viridis 4 2.56 0.05 4.00
Cambarunio iris 19 12.18 0.25 20.00
Lampsilis cardium 23 14.74 0.31 28.00
Lampsilis fasciola 24 15.38 0.32 25.33
Lampsilis siliquoidea 0 0.00 0.00 0.00
Lampsilis sp. 3 1.92 0.04 4.00
Lasmigona compressa 1 0.64 0.01 1.33
Lasmigona costata 68 43.59 0.91 56.00
Ortmanniana ligamentina 1 0.64 0.01 1.33
Pyganodon grandis 0 0.00 0.00 0.00
Strophitus undulatus 1 0.64 0.01 1.33
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Appendix B. Continued.

Site MR-02

. Abundance Relative Densit Occurrence
Species m(l.'\::s-:lfs) Abu?;:;mce (mussels)Imz) (% of quadrats)
Alasmidonta marginata 1 3.85 0.01 1.33
Alasmidonta viridis 5 19.23 0.07 5.33
Cambarunio iris 13 50.00 0.17 14.67
Lampsilis cardium 2 7.69 0.03 2.67
Lampsilis fasciola 4 15.38 0.05 5.33
Lampisilis siliquoidea 0 0.00 0.00 0.00
Lampsilis sp. 0 0.00 0.00 0.00
Lasmigona compressa 0 0.00 0.00 0.00
Lasmigona costata 1 3.85 0.01 1.33
Ortmanniana ligamentina 0 0.00 0.00 0.00
Pyganodon grandis (V)1 0.00 0.00 0.00
Strophitus undulatus 0 0.00 0.00 0.00

Site MR-21

_ Abundance Relative Density Occurrence

Species (No. of Abundance (mussels/m?) (% of
mussels) (%) quadrats)

Alasmidonta marginata (V)1 0.00 0.00 0.00
Alasmidonta viridis 2 8.33 0.03 2.67
Cambarunio iris 19 79.17 0.25 21.33
Lampsilis cardium (V)3 0.00 0.00 0.00
Lampsilis fasciola 0 0.00 0.00 0.00
Lampsilis siliquoidea 0 0.00 0.00 0.00
Lampsilis sp. 0 0.00 0.00 0.00
Lasmigona compressa (V)1 0.00 0.00 0.00
Lasmigona costata 3 12.50 0.04 4.00
Ortmanniana ligamentina 0 0.00 0.00 0.00
Pyganodon grandis (V)2 0.00 0.00 0.00
Strophitus undulatus 0 0.00 0.00 0.00
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Appendix C. Calculation of Lasmigona costata (Flutedshell) length at age-at-first-
maturity (i.e., juvenile cut-off).

Using the equation modified from Haag (2012):
(1) tmae = 0.690K ~1031 _ 1

And the von Bertalanffy growth equation modified from Haag and Rypel (2011):
2) Lmat = Ling (1 — e~ (tmat=to))

where t,,,; is the age-at-first-maturity, K is the growth constant, L,,,; is the length (mm)
at age-at-first-maturity, L, is the length (mm) at time infinity, and ¢, is the time at which
length = 0.

Using equation (1), age-at-first-maturity is 1.88.

Using the value for age-at-first-maturity in equation (2) and the defined parameters from
Table 1 of Haag and Rypel (2011)*:

Linf = 133.9
K = 0.250
to = 0.049

Length at age-at-first-maturity for Lasmigona costata is 49.2 mm.

*Note: these parameters are from populations in Licking River, Kentucky, USA.
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Appendix D. Calculation of Alasmidonta viridis (Slippershell) length at age-at-first-
maturity (i.e., juvenile cut-off).

Using the equation modified from Haag (2012):
(1) tmae = 0.690K ~1031 _ 1

And the von Bertalanffy growth equation modified from Haag and Rypel (2011):
2) Lmat = Ling (1 — e~ (tmat=to))

where t,,,; is the age-at-first-maturity, K is the growth constant, L,,,; is the length (mm)
at age-at-first-maturity, L;,; is the length (mm) at time infinity, and ¢, is the time at which
length = 0.

Using equation (1), age-at-first-maturity is 0.70.

Using the value for age-at-first-maturity in equation (2) and the defined parameters from
Table 1 of Haag and Rypel (2011)*:

Linf = 34.6
K = 0417
to = —0.290

Length at age-at-first-maturity for Alasmidonta viridis is 11.7 mm.

*Note: these parameters are from populations in Brushy Creek, Kentucky, USA.
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