Migration Case Study		Name:____________________________ 
Lesson 2 – Redhorse Migration

Warm-up Activity:  Working with 2 – 3 students sitting near you, discuss your answers to the “Lesson 4 Flipped Learning Assignment”.  Share the summaries of the two peer-reviewed articles that you found.  Working together, write a summary on phenological mismatches and migration.  Be prepared to share with the class.

Give students 10 minutes to construct a summary.  











The Effect of Climate Change on Redhorse Migration
[image: ]Consider the figures to the right from Favrot and Kwak (2018).  In this study, the authors tracked the movement of sicklefin redhorse upstream into tributaries of the Hiwassee River, including the Valley River.  Based upon the figures, what factors may be related to the number of migrating sicklefin redhorse?

There are two peaks in the number of migrating sicklefin redhorse in 2006.  These peaks seem to corresponds to two increases in the Valley River flow.  They also correspond to daily temperatures reaching ~14°C.  When spawning tributary temperature decreases suddenly, migration stopped.  Both figures appear to be consistent in this finding.



[image: ]What can be inferred about the factors influencing migration?
Flow may affect the timing of the migration, but it may also be related to temperatures. It can be difficult to determine which of these factors have a more significant effect on the timing of migration.








[bookmark: _GoBack]Favrot and Kwak (2018) also observed that migrating sicklefin redhorse fed over riverweed (Podostemum ceratophyllum), which contains aquatic insects, during their migration.  Thus, riverweed may be critical habitat and a food source during the sicklefin redhorse migration.  Consider the figure below that shows the number of migrating sicklefin redhorse observed over the 2017 spawning season and a hypothetical curve of riverweed abundance.

[image: ]
Summarize the relationship between riverweed abundance and sicklefin redhorse migration.  Discuss the relationship in the context of phenology.

Riverweed abundance increases as the sicklefin redhorse become abundant in the spawning area.  Thus, there is a match between the availability of riverweed and sicklefin redhorse.

Consider that riverweed abundance is based upon photoperiod, and sicklefin redhorse is affected by water temperature and stream flows.  Construct a figure similar to the one above that illustrates a scenario of climate change.
[image: ]
Indicate the phenological mismatch on the figure that you construct.  Describe the mismatch.  Make a prediction on the future of the redhorse population in Brasstown Creek based upon the phenological mismatch.

Students should identify a shift in redhorse abundance (the peak migration) occurring earlier in the spring.  If riverweed is cued by photoperiod, its abundance should not shift.  This creates a mismatch between the abundance of sicklefin redhorse and the availability of riverweed.  Thus, we might expect that redhorse populations may have fewer feeding opportunities during the energetically expensive migration.  This could potentially result in reduced reproductive output, shorter duration migrations, shorter distance migrations, and mortality from migration due to the inability to successfully recover.


Based upon these results, consider the impact of climate change on the productivity of headwater streams in southern Appalachia in which redhorses and other suckers conduct significant migration events for spawning.

Students should reference the loss in nitrogen and other nutrient subsidies in the stream because of less abundant redhorse populations.


Summative Assessment
You have now completed four lessons in the Migration Case Study.  This case study introduced energy flow and nutrient cycling in headwater streams and the contributions by migrating fishes in these ecosystems.  Starting with the more familiar Pacific salmon, you applied this knowledge to an investigation of suckers and redhorses in southern Appalachian streams of the U.S. and their role of adding nitrogen to streams during their annual migrations.  You then developed scientific skills in analyzing the results of data analysis to evaluate patterns in the migratory behavior of the sicklefin redhorse and made inferences about these patterns.  Lastly, you considered the impact of climate change on migration and how this might affect migratory patterns of redhorses and stream productivity.
To assess your knowledge of ecological concepts related to this case study, you will construct a poster that describes the ecological value of the redhorse migration and draw connections between abiotic factors related to migration, energy flow, nutrient cycling, human-environment interactions, global climate change, and conservation biology.  Posters will be evaluated based upon a provided rubric.  You will work in assigned groups of 2 – 3 students to produce the poster.  You are expected to use the resources of the case study along with sources you search out on your own to complete this assignment.
Poster Guidelines
Posters will be designed in Powerpoint with the 16:9 widescreen slide size.  Each group is encouraged to embrace their creative tendencies in designing the poster.  Groups should endeavor to use color and pictures in designing the poster.  Posters should present information visually and reduce the amount of text as appropriate.  Each poster is required to have a list of sources that supports the information presented in the poster.
Use the remaining class time to meet with your partner and to begin designing your poster.  A rough draft of your design is due at the end of class.
image4.png
SFR Frequency

Peak migration
occurs around
14 C.

Date

Riverweed
abundance.

ainjesadwsa] Ajleq uespy




image1.png
= Menu 0 Yy Fovrot Kwak2018pdf X | + Create

Alltools ~ Edit  Convert  E-Sign Find text or tools Q

BEHAVIOR AND ECOLOGY OF SICKLEFIN REDHORSE 213 [E]

(A)Directional movement (weeky,2006) ——Upstream

oomniean )

Median
linear range
(km)

" (B)Directional movemen (weekly,2007) —e—Upstream

—e—Downstream [_D

ERIRCN.~ |

Median
linear range
(km)

= (C) Number of migrating Sicklefin Redhorse (wekly) —— 2005
25 2007
FE »
T
83 w
=3
o —_—
15 2006

(D) valiey River flow

2007

Mean daily
flow
(mls)

s 10
[
ot M
.
0 (E) Spawning tributary temperature (2007) ®
g
25,
&3¢ ~
E v ——Valey River
& —o— Hanging Dog Creek.
v

»
H c
285 " 4
zs¢ -
|- 2006
H 2007 [&]

March April May June

Jol <]

Spawning season Postspawning season

1:15PM
5/24/2024 12

Desktop





image2.png
s Inquiry Activity_instructor \ s, Johnathan G = @ Yy Fovrot kwak 2018.pdf X | + create = X

B Design Layout References Mailings Review View Developer Help Q Tell

Alltools  Edit  Convert  E-Sign Find text or tools Q B & = @ -

o o
N Pictures & Icons +
B e amameces - L1 |2 | L[ @] T [ D] 4 E
[-& Online Pictures ) 3D Models ~ gy, ~ = 50
Pages Table — Add- Online Links Comment Header & Text g s | W Upstream Weir@ns) mUpsieam
. . [Yshapes = ins~ | Video | ~ FeEo| o 3 o ODownstream trap
. X SE w —— Samping perod
Tables lllustrations Media Comments 2 = Q)
R <
Ll“‘z“‘H‘H‘lw‘\”‘ZH‘“‘3”‘\“‘4”‘\“‘5”‘H‘GH‘ @ o | EY R —
4 60 1 (B) Downstream Weir (2006) WUpstream trap u
Consider the figure to the right from = (C) Number of migrating Sclefin Redhorse (weekly) it Downstream trap a
. Favrot and Kwak (2018). In this study, the :;:g » &, gg s = Sampling period
- authors tracked the movement of sicklefin £ & R &)
- PSR ® 8%
) redhorse upstream into tributaries of the 23 °
: " ptream s . e o T —
- Hiwassee River, including the Valley River. e 4 60 1 (C) Upstream Weir (2007) @
B Based upon the figure, what factors may - P aUpstresm rap
B 3 EF ounstream va
- be related to the number of migrating Fi3 " I EZ sreem v
- sicklefin redhorse? §9E S pin
- AR = oot = 10
J A ° e
- ) . (E) Spawning tibutary temperature (2007) 4 60 1 (D) Downstream Weir (2007)
There are two peaks in the number of £ . ) =Upsirea trap
migrating sicklefin redhorse in 2006. 2ts i5 © 2Downstream rap
8% 3 - —e—Valey Rve >E 0 === Sampling period
- These peaks seem to corresponds to two H N m:‘“ 2
. increases in the Valley River flow. They . e 2
- also correspond to daily temperatures P
- reaching ~14°C. When spawning tributary ~ , 2 W«d >
temperature decreases suddenly, 3 E‘ S 5,3 ° 19
- migration stopped. H 52 f
. =
- M o2 2 9 16 23 3 7T W 1 28 4 1 18 2 ~
< March April May Jun - -
N What can be inferred about the factor ———————————————— (F) Valley River temperature (2007) -
influencing migration? Spawning season Postspawning g .
- >3-
350
N Flow may affect the timing of the migration, but it may also be related to temperatures. a EL 0 C
! o
T B,
March April May June
Spawning season Postspawning season [©}
(GURE 5. (A-D) Spawning-season two-way resistance board weir daily directional catch for Sicklefin Redhorses in 2006 and 2007. (E) Valley River v/ Q
Page20f2 174words 5 B - g+ 850x100in < >

1:26 PM

5/24/2024




image3.png
Mean Daily Temperature

= unp-
® r-9¢

Q<

©

=

. .

» =3

< ® <

© ©

= M.d ==

) o £

(I >3

O X 'c
c —~————

T ———
.mm ==
§3 \=
.Wa o
(7 N

x5°
3 8%
o O«

FTNONVOITNOWVOITNO
ANANNT~ v

AON3INO3HA




