Social network analysis of marine dyad formation of Atlantic Sturgeon
(Acipenser oxyrinchus oxyrinchus Mitchill, 1815)
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Introduction
• Atlantic Sturgeon are an anadromous long lived late maturing fish with a
range extending from the Gulf of St. Lawrence, Quebec, Canada, to the Saint
John River Florida.1 Threatened by overfishing, bycatch, blockage to spawning
grounds due to the presence of dams, and pollution to natal rivers. 2,3
Spawning Habitat: Atlantic Sturgeon in Northern
latitudes mature at approx. 25 years of age and 150 cm
(FL) (5) and enter their natal rivers to spawn early
June/July (Kennebec River and Saint John River).4,5
Feeding Aggregations: In May approx. 9000 Atlantic
Sturgeon migrate through Minas Passage NS into
Minas Basin to feed on intertidal polycheates and
depart in October . 6,7
•Important to determine if Atlantic Sturgeon undergo solitary marine migrations,
and whether negative impacts on multiple sturgeon could impact one group (based
on life stage and river of origin) more than the other.

Methods
Step 3 : Testing for preferred associations
• Compare the coefficient of variation (CV) of the observed association
network to permuted networks (n=20000).
Testing for influence of genetic river of origin, life stage and initial capture
date:
• Mantel Test (999 iterations) used to determine if the same genetic river of
origin, life stage and initial capture date are correlated with association
strength

Results: Minas Passage/ Minas Basin
Table. 2. Mean simple ratio index (SRI) between dyads within Minas Passage
(MP) and Minas Basin (MB; 2012-2016) and the average number of
associations per individual.
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1. Determine if Atlantic Sturgeon form preferred associations that last over
multiple years throughout their feeding (Minas Basin), spawning (Saint John River,
Kennebec River), and overwintering habitat’s (Gulf of Maine)

2012

0.22 (0.11)
Mean (SD) SRI

Objectives

Results: Comparison between years and locations

no.

of

• CV not significantly different between MP observed and permuted networks.

2. Determine whether frequency and strength of associations is dependent on
river of origin, life stage and/or initial capture event of Atlantic Sturgeon

• CV significantly different between MB observed and permuted networks.
Atlantic Sturgeon form associations within MB that are significantly higher
than chance.

Methods
Social Network analysis: Method used to test whether species form preferred
associations and if associations are dependent on specific attributes (genetic river
of origin, size, sex etc.)8
• Combined with acoustic telemetry data to document social behavior in
elasmobranchs (i.e. Wobbegong Shark, Orectolobus maculatus), and teleosts
(i.e. Yellowfin Tuna, Thunnus albacares). 9,10

20% of dyads formed associations that were twice the mean index
(indicator of preferred associations)
• Not a significant correlation between the strength of the SRI and their
assignment to the same genetic river of origin, life stage and initial capture
date (Mantels test, 999 iterations, p>0.05).

Acoustic Tagging: 2010-2014 (n=103)
• Atlantic Sturgeon were captured through directed trawls and weir fishing within
Minas Basin, NS and marked with V16-69 kHz acoustic tagging technology

• 3% of dyads were detected together over consecutive years within MP and
MB.
• In 2014 and 2016 8 and 3 dyads detected within the SJR.
• In 2013 3 dyads were detected within the KR.
• Association index below 0.10
• Dyads were not detected within the SJR/KR or other
locations over consecutive years

Conclusions
• This is the first study to inquire whether a member of the order
Acipenceriformes exhibited a tendency to form preferential associations.
• Atlantic Sturgeon were found to aggregate within known feeding regions but
did not exhibit social cohesion during their marine migration.10
• Sturgeon are generally solitary and negative impacts on multiple sturgeon
may not impact one group disproportionally more than the other.
• This study also confirmed findings of previous studies on the unique
movement patterns of juvenile and adult Atlantic Sturgeon. Both
populations of Atlantic Sturgeon did not display a difference in the timing of
entry and exit into Minas Basin.
• On years when they were not detected within MB, juveniles were found to
utilize the estuaries of rivers along the Gulf of Maine and within the Saint
John River for feeding and overwintering, while some adult Atlantic
Sturgeon entered their natal rivers to spawn.
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Minas Passage (MP):
• Due to the fast current speed and turbulent environment of MP it is unlikely
that Atlantic Sturgeon could maintain close spatial proximity within this region
therefore a temporal difference in detection of 24 hours was used to assign
sturgeon to groups.
Minas Basin (MB), Saint John River (SJR), Kennebec River (KR):
• Atlantic Sturgeon spend multiple hours to days at receivers located in MB, SJR
and KR therefore a time period of 30 minutes was used to define groups and
assess associations at a finer spatial scale.

Fig. 3. Networks of nodes (Atlantic Sturgeon) detected at receivers within Minas
Basin during 2012-2016. Square and circular nodes represent Atlantic Sturgeon
from the Saint John River and Kennebec River, respectively. Blue and black nodes
represent juveniles and adults, respectively. Nodes are connected to one another
via an edge representing the strength of association.

Step 2: Calculate Association Indices using the Simple Ratio Index (SRI)
𝑥
SRI =
𝑥 + 𝑦𝐴𝐵 + 𝑦𝐴 + 𝑦𝐵
𝒙 = # of groups where individuals A and B were detected together
𝒚𝑨𝑩 = # of groups where A and B were detected separately.
𝒚𝑨 = # of groups where only Sturgeon A was detected.
𝒚𝑩 = # of groups where only Sturgeon B was detected.

Fig 2. Atlantic Sturgeon detection data was obtained from VEMCO VR2W-69 kHz
receivers deployed within the Gulf of Maine (n=2014-2016; n=10), Kennebec River
(2012-2016; n=22), and the Saco River and estuary (n=2012-2016; n= 4).
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