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Wild Rice (Zizania aquatica and Zizania palustris )

Project Overview

The goal of this project is to restore natwiid rice toriparian areag the SudburyAssabetand
Concord (SuAsCo) River Watershed increase diversity of native flora and to benefit migratory
waterfowl. The project consists of two phases: Phaséiscovery and Researcand Phase 2
Restoration. This report is the prodefPhase 1 which included searches for existing occugsgnc
research of successful restoration techniques, implementation ofssaiai|

experiments, development of a draft restoration plan, an
selection of potential seed sources for future lsigge
restoration. Future restoration efforts will target suitable
waterfowl habiat where invasive specigsuch as water
chestnui{Trapanatan¥ andAmerican lotus llelumbo

lutea) have been removed, primarily along the Sudbury
River and Great Meadows NWRConcord

Impoundment

About Wild Rice

Wild rice isa tall, aquatic, annual grassted for
producing large grainsaten byooth humans andildlife.
In the northeaswild riceis represented by twapecie§
Zizania aquaticd.. var. aquaticaandZ. palustrisL. var.
palustris both of which occur in a variety of habitats
including brackish or salt marshasd flatsfresh tidal
marshes oflats,and banks ofivers,lakes or ponds
(Haines,2011).Both specieproducealargeshowypanicle
of flowers in August that develop into the proteich
seeds (caryopsifly mid-late September. The species are
similar in appearance, but can be distinguished by the
relatively open or restricted nature of their carpellate
inflorescence as well as the presence and distribafion
roughhairs(scabrulespnthefertile carpellatdemmas.

Figure 1. Zizania sp. at early flowering stage,
Concord Impoundments

Both species have a unigue life cycle. Seeds overwinter in

sediment in near freezing temperatures (34° F) and begin to

germinate in early spring whevatersreach about 45 °F (April). Seeds deveioip a distinctive aquatic,
threadleaved form dting these early stages. As subsequent leaves emerge the plant eventually reaches

the waterés surface, entering the floating stage
particularly vulnerable as they can be easily uprooted or drolayédoding or wave action and are
often consumed by geese and rodents. By late June, surviving plants become emergent and begin to form



flower structures that will open in JuAugust (Figure 1).

In the SudburyAssabetConcord (SUASCORiver watershedZizaniais historically knowrnfromthree
main locations in Concord: Great Meadows National Wildlife Refuge, Sudbury River, and Assabet
River. A limited search of herbarium records includepalustris- along the SudburRiver; (Robbins,
S.D.;FC S s.n., 1930¥. aquatica- Concord Great Meadows National Wildlife Refu@aton,R.J.
1957);Z. aquatica Assabet River, Concord, MA (LER, 1961); anddaquatica- Concord Great
Meadows National Wildlife Refuge (Shea, K.; Blair, E. 1977).

Additional historical accounts included some 28 referenc@s afjuaticaa n Thor eauds jour nal
describes locations in Concord along the Concord River (1852) and along the Assabet River (1854), on the
north side of the Concord River near the Holt adaMeadows (1854), and on the Assabet River at

Joseph Hosmer 6s Property near Derby Bridge (1854)
abundant. Hosmer, who studied much of the same area as Thoreau from the 1870s to the early 1900s,
describe<.aquaticaa s fic o mmo n. 0 /ARotaofrConcoadlOi4hsays it veab formerly

scattered along the riverbanks and locally abundant at Great Meadows by 1957. More recent observations

of Zizaniasp. include Brumback, Native Plant Trust (formerly Newgland Wild Flower Society) (1992)

and Suzanne Flint, OARS (date unknown) along the Assabet River.

! While FloraNovaeAngliae(Haine2011)distinguisheswo specie®f Zizanig previoudreatmentdave,jin some casespnly includedZ.
aquaticawith and distinguished forms as varieties. In those caspalustrisis referred to aZ. aquaticavar.angustifolia Nomenclatural
changesswell asmisidentificationof Z. palustrisasZ. aquatica haveled to sometaxonomicconfusionandmanyhistorical recordsmay be
inaccurate. Refer to Fassett (1924) and Te1687).

2 Z.palustrisistrackedasafi Wa tLd s tspededyMassachusetidaturalHeritageandEndangere&peciesProgramandisrankedS1/S2,
Uncommon.



Survey of Existing Populations

Methods

In aneffortto understand current distribution and characteristic habitétte two species dizaniag
Native Plant Trust (formerly New England Wild Flower Society) staff conducted surveys by canoe,
kayak, or motorboat in the SO watershedsurveyswere conducted in mithte August,when

plants are flowering aneasilyvisible and targeted large stretches of Sudbury and Assabet Rivers, as
well asadjacent impoundments or ponds. Surveys also included the Concordr&ivergg Rock

downto andincludingthe impoundmentsitthe GreatMeadowsNationalWildlife Refuge Duringthese
searches, surveyors collected data on number of plants, phenology, and habitat and documented
locations using hantleld GPS units. Locations were als@pdgraphed using poi@ndshoot digital
cameras.

Results

Zizaniasp. was found in approximately 128 locatio®@pf which contained stands 26 or more
individuals (Figure). Six locations contained stands of more than 100 individuals and are sfotable
seed collection (Appendix-&). Although specimens were not identified to the species leeelcat
location due to time constraints, periodietihmefield examination identiéd both southernz( palustrig
and northermwild rice (Z. aquaticd on the AssabdRiver. Although it maybe possible that both species
are present, we are skeptical of this finding and need to revisit sites in ocdéedtspecimens for in
office examination. For this reason waéll not distinguishbetweerZizania aquaticandZ. palustrisfor
the remainder of theeport.
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Figure 2. Survey area andZizanialocations with 0-24, 2599, and 100+ plants







Large stands were primarily located on the Assabet
River in open backwater areas or where tributaries
joined the main stem of the river, often near conserve
openland.These large stands were strongly associate
with beaver impoundments and protectealisiv (1-2
ft.), open water areas in full sun. Stands along the ma
river channels were predominantly found in areas of
slow moving water or muddiats, often on the inside of
a winding bend where plants are protected ffash
moving, high- water evats (Figure3).

Overlaying spatial data @
indicate large stands dfizaniamore frequently occur in
habitats describedsaShallow Marsh Meadow or Fen Figure 3. Large stand ofZizaniasp. on the Assabet River,
and only occasionally occur in Deep Marsh, Shrub | downstream of Elizabeth Brook

Swamp, Deciduous Wooded SwampQpen WaterSimilar comparisons with bedrock and

soil data layers characterize sites as having muck, mucky silt loam, or silt loam on tapitef gr

or diorite.

Associated emergent plants, in order ofocourrence, —

included pickerelweedPpntederia cordatp invasive reed ,

canary grassRhalaris arundinacep burreed Sparganium v w7
sp.), common arrowhea&4gittaria latifolig), buttonbush =9 % T ih
(Cephdanthus occidentaljs aquatic smartweed®é¢rsicaria
punctata and Persicaria pensylvanjcand invasive purple
loosestrife Lythrum salicarid.

Zizaniaalsooccasionally occurred with emergent species §
as jewelweedlnpatiens capensisbulrush Scirpussp.), :
bluejoint grassGalamagrostis canadengjsswamp milkweedgs
(Asclepias incarnatg swamploosestrife Decodon SONTY ROGET O SUEN
verticillatus), broadleaved catail (Typha latifolig), as well ag@aeieas : R
floating and submerged species such as invasive water c ‘ 7"* % I{i s,
(Trapa natan} pondweedsRotamogetorspp.) duckweeds Figure 4. Zizaniasp. found amongst

(Lemnaspp.) and likely invasive watenilfoil, (Myriophyllum| mats of Pennsylvania smartweed,
sp.). Concord Imnoundments

In the Concord impoundments, plants werattered in low numbers, and predominantly occurred on
floating mats of aquatic smartweede(sicariaspp.) (Figure 4). Plants occasionally occurred in openings
between American lotudNelumbo lutepleaves, but the dense foliage most liketghibits lage stand
establishment.



The majority of invasive plant species occurred just beyond thewatan, mudflat habitat

preferred byZizaniawith the exception of water chestnut. The majority of water chestnut infestations
wereobserved on the Sudbury River between Sherman Bridge and Fairhaven Bay. On the Assabet,
water chestnut was generally not as abundant but observed in Hudson above the dam and where the
river crosses under Cox Street.

Other invasives observedrihg the survey
that may threatedizaniainclude common
reed Phragmites australjs Japanese
stiltgrass Microstegium vimineujnand
Brazilian water weedHgeria densa
Commonreed was found to be widespread
in open marsh meadows through the survey
areawhile stiltgrassand watemweed were
only observed in a few locations on the
Sudbury River. Nomative species found
on the Sudbury River like yellow flatsedge
(Cyperus flavescehand European water
clover Marsilea quadrifolig may likewise
compete wittZizaniafor habitat (Figur®).

Figure 5. European waterclover densely covering the banks of
The Sudbury River, August 12", 2015

Discussion

While wild rice was documented throughautarge portion of the survey area, the majority of
stands contained fewer than 25 individuals and large stands dpl0fls were predominantly
found on the Assabet River.

These findings suggest there may be limited habitat available fordeagaiastands along the

Sudbury, Assabet, and Concord Rivers. Findings also suggest the Anagpebvide more suitable
conditions as compared to the Sudbury River and its associated ponds and wetlands. More frequent
dammingon the Assabanayfoster suitableonditions and also prevent major hydrological fluxes
which can be catastrophic to young wiicke seedlings (Figuré). Populations also occurred more
frequently within or near blocks of conserved land, suggesting protected areas may rsurpjedrt
hydrologic patterns and disturbanegimesconducive tZizaniaestablishment. And whereas the
Assabet is a small river bestavigated by kayak or canoe, the Concord and Sudbury Rivers are large
enough to support navigation by motorboat in many sections whikaown to cause dfizania

mortality (waveactionand turbidity).

Competition with fast growing, invasive plants such as water chestnut and reed canary grass also
contribute taZizaniahabitat availability. Field observations confirm invasivesgicularly



problematic on the Sudbury River and actively compete Zithniastands. Reed canary grass, a wide

spread perennial, may be the most problematic species. This species forms monotypic stands that

stabilize areas which, without iagion, would be disturbed during flood events and provide good

habitat forZizania Anecdotal observation also suggests its establishment may raise marsh elevation,
interrupting hydrologic flow to backwater areas and consequently prevéiriagaestablshment.

Similarly, water chestnut competes w&lzaniain riverine mudflat habitat by forming dense mats that
prevent |ight from reaching developing plants. We
may also interfere witdizaniaseed dispegd.

s N L Z 7 7 ~7 }

Wild Rice Locations w/ Dams and Open Space 2015[ AR

W 2 .
&7 HARVARD BO! ao% O} q BEDFORD
% ﬁ \f‘g ~ // ¢ \

BOLT ON>¥

ANCAST[

* SUASCO_dams_500m_bufferdistance
A\ Zizania_site_wOver100plants
@ Zizania_sites_wOver25plants

® Zizania_sites_lessthan25_plants

Survey Area

ORTHBOROU

% SOUTHBOROUGH open Soac
pen Space
WESTBEROUGH 0 05 1Mies @

Figure 6. Locations ofZizaniawith open space and dams on the Sudbury, Assabet and Concord Rivers

Ponds
Surface Water - HYDRO25K

Town Lines

In addition to invasives, monotypic stands of native andmadive species may also play a role in
Zizaniahabitat availability. Cattail is one suspecies observed in abundance in Shallow Marsh Meadow
or Fen habitat along the Sudbury River. Development of these monotypic stands is usually symptomatic
of underlying ecosystem imbalances and is often associated with nutrient inflows from lawn, gadden, a
agricultural fertilizers (Zedler and Krecher 2004). Nutrient influxes can create imbalances in wetland
microbial communities and foster conditions that favor species with broad environmental tolerances (i.e.
invasives and other generalists).



Review of available literature as well as conversations with ecologists froBréal akes Region

suggest other factors may contribute to establishartguccess oFizaniastands. Such factors include

herbivory by over abundant Asian Carp (Havranekl2@t Canada geegdaramis2007) populations,

both of which were observed in abundance during this study. This infornpati@desimportant
evidence as tdizanidds sensitivity to herbivorapygemedamy ggest s
specias can impact immediate and loteggm success dizania

Diseaseaandinsect herbivory may also contribute to decline and even collaj&eadfiapopulations year

to year.Literaturefrom the Greatlakes Region cites brown spot fungal disemse rice worms as

commonly affecting the species. During our field work we observed an unidentified white cottony fungal
disease on the seeds of many plantsG@®). Infected plants flowered normally but seeds failddrin

in all examined individuals.

Based on the finding of our fieldork, we believefurtherresearch is needed to identify primary factors
affecting stand establishment avidbility. Furtherresearclis also needed tdeterminghe average size

of historicstandsWe suspectocal conditionsmayhaveneversupportedtandswith thousandso tensof
thousands of individuals as seen in Maine and the Great Lakes Region, therefore restoration techniques
from those locations may not kdnolly transferable to thigrea.

Restoration on the Sudbury River

Experimental Seeding 2015

To better understand the logisticsZifaniaseed collection
and planting in this watershed, we attempted a ssaalle
restoration experiment in lateptember followingVild

Rice Seeding GuidelinglRCS- Minnesota 2004).
Conservation staff and one volunteer collected seed from
two sites containing over 100 individuals: West Concord or
Rt. 62 near Pond Lane and south of the Gleasondale dam
Stow(Appendices A and E Seeds were collected either by
boat or on foot and then placed in tubs of water in order to
maintain seednoisture during storage. Seeds were either
AifAfdeowatingd in the tubs or

Figure 7. Zizaniaseed prior to sowing

The West Concord site was dried dowrheg time of

coll ection therefore had to be coll
mucky conditions required the use o
and sections of lumber to prevent staff from sinkimg

ect e
f u



Collectionwasalso complicated by diseased seatishhad to be avoided fareventspreadof
infection. Overall, seed collectiamastime-consuming taking two staff members approximately four
hours to collect only 3 Ibs. of seédm thesite.

Seeds were planted at four locations on the Sudbury Rivergpaaged to have suitable habitat, but
lackedZizania(Figure8). These locations were not selected as-@ng restoration areas but as sites to
evaluate planting techniques and possibly asgesmiagermination ratesSeedswere broadcast planted
by hand shortly after collection (withif-2 weeks) at aateof 0.251.5 Ibs. per site, depending on total
area. Seeding itself was relativagsyandfastboth on foot and by boat bséedstored in cloth bags
became snagged in the fabric, whitbwedthe gocess. For thissasonwe recommendnly storing
seedsinlooseve ave synt heti & |coladti m ¢gied tusn Lavesdaloin,rlomater
condition also made travel to sites via kayak diffieudtitime consuming and should be taken into
consideration during logistics planning.

‘ Wild Rice: Experimental Seeding Locations 2015 |
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Figure 8. Locations of experimentalZizania seeding sites on the Sudbury River



Potential Restoration Sites

Historical Locations

According to literature from the Great Lakes Region, restoration icbedticted in locations where
Zizaniais absent 5 years or more (due to the-sedd bank and seasonal population fluctuations) but has
been previously observed. Historical site descriptions such as those of local botanists and herbarium
records comparedith current known locations provide a way to locate these historical stands.
Unfortunately, records obtained for this watershed lack much of the locational information needed to
completesucha comparisonRecordsalsolackinformationregardinghesizeanddensityof populations
necessary to determine if stands or populationdexiaing.

Sudbury River

Areas where invasive plants have been removed along thesteainof the Sudbury River may provide
suitable restoration or even augmentation locationZitania(Figure 9). We believe the best locations

are those where water chestnut was foundamurring with Zizaniaand occupying areas of suitable
habitat. Restoration can be coordinated with ongoing water chestnut removal efforts and, if successful,
may provide a means to resist reinvasion. Motorboat activity in these areas may threaten restoration
sucess, and therefore may need to be restricted.
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Figure 9. Potential Restoration Sites along the Sudbury River including sites infested with water chestnut.



Concord Impoundments

The Concord Impoundments may also provide a suitableragion/augmentation location fdizania

(Figure 10). WhileZizaniawas documented at the sitewésnot found in any abundance despite the sites
relativesuitability. Watersare 0.53 ft. in depths witHow turbidity and can be draw down periodically

to prevent establishment of perennials which can outcorZlieia The site is in full sumvith mucky soils, both

of which are preferable to the species. We speculate removal of invasive planisigehestnuandwater

milfoil) and aggressive, menative American lotus, would create conditions conduciv&zaniaestablishment.
Obstacles for restoration, in addition to invasive management, include an abundance of Asian carp at the site w
are known to feed on the seeds and yahuaptsof  Zizania For this reason we suggest researchers document the
sitebs carp popul ation, conduc primaeypredatoroizareaars,t udi es
depending on study results, manage the population. Muskrat may also be problethatgitatut we speculate

that once a large stand of rice has bestablishedyrowsing impactsvill be lessened if naliminatedLastly,

migrating waterfowl are known to be particularly abundant at the sigdl eind spring andhayconsume a large

portion of seed, therefore over seeding or temporary exclomagsenecessary.
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Figure 10. Locations ofZizania at the Concord Impoundments



Other Suitable Sites

Other possible sites for restoration sites include Shallow Marsh Meaideswn habitat on Sudbury aBdsabet

Rivers, along tributaries such as Pantry Book, Elizabeth Brook, Fort Meadow Brook and possibly nearby ponds
like Farrar Pond and Warner Pond. These areas have yet to be surveyit gagliire assessment to determine

site suitability.







Restoration on the Sudbury River
Plan for Experimental Restoration
Scope of Work: 2016 -2019

To date there have been no comprehensive surveys or restoration effdrtsufoain Massachusetts and possibly even in NEwland. Our survesesults
provide important baseline data for the species and a framework to explore restoration. Please see Wild Rice Rester&iaibarytRiver (Phase 1) for
details (Native Plant Trust, February 2016). Using techniques develofiezl Great Lakes Region as a framework, we conductegeardexperimental
restoration program to further understand species habitat requirements and refine methods for application in this region.

We also revisited the four sites where we tested sowilagrice in 2015 on the Sudbury River. No plants could be found at one site, two plants appeare
at another, and there were hundreds of plants at the other two sites. It is not clear whether these large numberstheidoes® of the sowing by
Native Plant Trust staff or the presence of nearby native stands seeding into the sites.

2. Experimental restoration

Native Plant Trust constructed a total of 20 exclosures to test sowing of wild rice. Each 1 x 1 meter square exclosiale Ehere aredur PVC
pipes, one at each corner, and hardware cloth was installed 2 ft. from the bottom of the exclosure. The design alltbssrthéoele driven into the
mud until the hardware cloth reaches the bottom, blocking entry by fish and birds.

Seed was dtected from two large stands of wild rice, one on the Assabet River and one on the Sudbury River. The seed is cug éetlly ielbuckets
of water in a cool location. Per recommendation from wild rice experts, the water is changed every otherstayinmin experimental restorations,
and this seed will also be used for germination tests.

Concord Impoundments

Native Plant Trust staff met with staff from the Great Meadows National Fish and Wildlife Refuge to determine best dmqatioarhent oéxclosures

at the impoundments. Bathymetric data and surveys of the impoundments yielded several possible locations. Native R&fhamdustree staff from
the refuge used canoes to transport the exclosures and install them in the impoundmergextlesiures (four exclosures at three different locations)
were driven into the mucky bottom with rubber hammers.

Sudbury River
In consultation with Refuge staff, sites were chosen along the Sudbury River in areas were water chestnut control HaBigbt@xelosures have
been constructed for two sites along the river. These were installed in October 2015 in areas where water chestnuirteslbden c



Objective 2. Experimental Restoration

Introduction

In fall of 2017 we focus# our efforts on assessing the effects of competing, invasive angatwa vegetation on the survival and fitness of
southern wild rice4£izania aquatica Data collected from our 204817 exclosure sites on the Sudbury River (SR) and Great Meadows NWR
Concord Impoundment (GMNWRI) to analyze effects of herbivory and predation by fish and waterfo:»!
informed our work conducted during the fall of 2017. This work is ongoing at time of psagest \\
submittal. \\\ |/

Initially, our experimental design concentrated on the effects of wildlife (fish, rodents and
waterfowl) on the growth and survival of wild rice. We constructed exclosures (as discussed in deta . 5\
the previous reporting period) limit access by fish (full exclosures) or rodent/avian predation with fis - < '
excluded (full exclosures, cut below watieie to allow fish passage). Preliminary data suggests wildlifess
herbivory on wild rice is not a significant factor inhibiting wild ricergeation and survival within SR o
GMNWR-CI sites. Our focus for this phase of experimental wild rice restoration was to evalugitedhe
of invasive, nomative vegetatioil water chestnutlrapa natanyin SR,and American lotusNelumbo
lutea) in GMNWR-CI.

Following our work detailed in the previous report period, 30 June R@D6September 2017, we
collected seed from the Sudbury River on sections of the river owned by U.S. Fish & Wildlife Servig
(USFWS). On 20 September 2017 and 12 Oct 2Nafiye Plant Trust staff collected a total of Fig. 11- Wild rice flowering; waterchestnut in background
approximately 60 oz. of ripe seed by hand from >300 plants, and stored seed in a container of freshwatet

above freezing @.6°C)in relative darkness for-2 weeks prior to use in quadrats or exclosures at either experimental restoration site. With seed
collected, we began to scout viable habitat to conduct the second phase of our

experimental research design.

A. Seed tests for \dlife predation

M ExclosureTrials

Native Plant Trust staff constructed totafl eight (8) exclosures to test wildlife
predation of wild rice, four exclases, of twareatments at both SR a@MNWR-CI.
Each 1x1 meter square exclosure is 6 ft. tall, and there are four PVC pipes, eatha
corner, and hardware cloth was installed 2 ft. from the bottom of the exclosurg
design allows the exclosure to be driven itite mud until the hardware clotieaches

Fig. 12- Wild rice exclosures; opetop and quadrats shown in fall, GMNWRI.




the bottom, blocking entry by fish and birds.

In this phase, two exclosures per site were capped with hardware cloth upon installation, while a duplicate pair aicacatledt opened at
the top. The intet being to restrict fish and mammalian access (full exclosures) or to allow waterfowl! predation on wild rice seedssa(ogh @t
exclosures).

Thus for this experiment, we constructed two types of exclosures at each location (SR, GBINiRI sed was sown in both types:

1. Full Exclosures(no openings) Excludes all wildlife herbivory seedsown
A Included a control, wheneo seed wasown.

2. Exclosures with the cap removedopentop)i Excludes mammalian and fish predation, not avisseedsown
A Included a control, wheneo seed wasown.

1 Quadrats

Il n addition, we added eight quadrats constructed of 1 d1mfdwitka mo eviree r
hardware cloth to restrict wildlife predation. Four treatment types occurred at these quadrats. All quadrats were &eate@dfacent to invasive
species.

Quadrats were built and installeeBINovember 2017, with four quadrats instaklédSR and four at
GMNWR-CI. Each quadrat was placed in an area which met several primary criteria including:

z:' j,;,{_/" e 2 1 Proximal areaf quadrat not under invasive specieanagement
L A 1 Proximal areaf quadrat contains wild rice habitat, though no wild rice obseritdnwv
= immediate quadrat
1 Area not previously seeded with wilite

During this visit (23 November 2017) 50 ripe seeds of wild rice were sown within each exclosure
¥ treatment, and within each of the quadrats.

. Beginning in May 2018, we periodically removiedtasive plant species by hand from four total quadrats
within each location (4 quadrats at SR, 4 quadrats at GMMNNRhroughout the period of seed

£ germination and during the reproductive stages of wild rice. Treatments of quadrats at both SR and

GMNWR-CI include the following:

- d . " =
Fig. 14- One of many waterchestnut plants removed from quadrat



Qa. Quadrat Seeded & Invasive species removed

Qb. Quadrat Seeded & Invasive species unaltered

Qc. Quadrafi Not Seeded & Invasive plant species removed
Qd. Quadrafi Not Seeded & Invasive plant species unaltered

2018 Results
9 ExclosureTrials

OnJune20™, andJune26™, 2018,Native PlantTrust staffreturnedo theexclosure
sites at both locations to record data on wild seedgermination, and to assess
anypotential structural issues following overwintering and spfimgding.
Exclosures without tops had germination and growth was recorded all sites.
type of treatment was randomized among the exclosures.

The following germination data was recordedJane 20", 2018at the four
exclosure sites and four quadrat&atat Meadows NWRT Concord
Impoundment:

Full Exclosure (a)

Germination (amt/50)

% Germination Rate

Seeded

31

62

Not Seeded

0

0

Full Exclosure (b)

Germination (amt/50)

% Germination Rate

Seeded

28

56

Not Seeded

0

0

Openttop Exclosure (c)

Germination (amt/50)

% Germination Rate

Seeded

21

42

Not Seeded

0

0

~ ~ ~<
Fig. 15 Wild ricegermination in open quadrat, Sudbury River.



Opentop Exclosure (d)

Germination (amt/50)

% Germination Rate

Seeded 14 28

Not Seeded 0 0

Quadrats (4) Germination (amt/50)| % Germination Rate
Qa) Seeded / Invs. Removed 34 68

Qb) Seeded / Invs. Unaltered 10 20

Qc) Not Seedeflinvs. Removed | 1 2

Qd) Not Seeded / Invs. Unaltereq 0 0

The following germination data was recordedJone 26th, 2018at the four exclosure sites and four quadraBSuatbury River (USFWS):

Full Exclosure (e)

Germination (amt/50)

% Germination Rate

Seeded

19

38

Not Seeded

0

0

Full Exclosure (f)

Germination (amt/50)

% Germination Rate

Seeded

30

60

Not Seeded

1

?

Opentop Exclosure (g)

Germination (amt/50)

% Germination Rate

Seeded

34

68

Not Seeded

0

0

Opentop Exclosure (h)

Germination(amt/50)

% Germination Rate

Seeded

19

38

Not Seeded

0

0




Quadrats (4) Germination (amt/50) | % Germination Rate
Qe) Seeded / Invs. Removg 42 84

Qf) Seeded / Invs. Unaltere 25 50

Qh) Not Seeded / Invs. 3 ?

Qi) Not Seeded / Invs. 0 0

On August 24tland August 25th, 2018, Native Plant Trust staff returned to th
exclosure sites at both locations to record data on wild rice seed germination
survivorship and general plant growth.

The following data was recorded dmgust 24th, 2018at four exclosure sites
and four quadrats along t&idbury River (USFWS).

g - A
Fiz. 5- Wild rice growing through full-exclosure (top openad for photo): American lotus in background.

Full Exclosure (e) Survival % Plant #/Reproductiv
(amt/19) SurvivalR Height e Stage

Seeded 9 47.4 Im 2 in flower, 7 veg.

Not Seeded 0 0 N/A N/A

Full Exclosure (f) Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/30

Seeded 12 40 1.4m 4 in flower, 8 veg.

Not Seeded 1 N/A im 1 vegq.

Opentop Exclosure (g) | Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/34

Seeded 19 55.9 1.3m 2 in flower, 17 veg.

Not Seeded 0 0 N/A N/A




Opentop Exclosure (h) | Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/19

Seeded 10 52.7 1m 1in flower, 9 veg.

Not Seeded 0 0 N/A N/A

Quadrats (4) Survival | %Survivg Plant Height (avg.)] #/Reproductive Stage

Rate

Qe) Seeded / Invs. Removed 36 (/42) | 85.7 1.5m 9 in flower, 27 veg.

Qf) Seeded / Invs. Unaltered 10 (/25) | 40 im 1in flower, 9 veg.

Qh) Not Seeded / Invs. Remove| 1 (/3) 33 1.2m 1 veg.

Qi) NotSeeded / Invs. Unaltered| O 0 N/A N/A

The following data was recorded Amgust 25th, 2018at four exclosure sites and four quadrats withinGineat Meadows NWR1
Concord Impoundment:

Full Exclosure (a) Survival % Survival Plant Height #/Reproductiv
(amt/31 Rate (avg.) e Stage

Seeded 21 67.7 0.8m 2 in flower, 19 veg.

Not Seeded 0 0 N/A N/A

Full Exclosure (b) Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/28

Seeded 13 46.4 Im 1in flower, 12 veg.

Not Seeded 0 0 N/A N/A

Opentop Exclosure (c) | Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/21

Seeded 10 47.6 0.8m 2 in flower, 8 veg.

Not Seeded 0 0 N/A N/A

Opentop Exclosure (d) | Survival | % Survival Rate | Plant Height (avg.) | #/Reproductive Stage
(amt/14

Seeded 1 Im 1in flower, 9 veg.

v
Not Seeded 0 0 N/A N/A




Quadrats (4) Survival | % Survival Ral Plant Height (avg.) | #/Reproductive Stage
Qa) Seeded / Invs. Remoy 26 (/34) | 76.5 1.5m 9in flower, 17 veg.
Qb) SeededInvs.Unaltered 2 (/10) 20 Im 2 veg.

Qc) Not Seeded / Invs. 1 N/A 1.2m 1 veg.

Qd) Not Seeded / Invs. 0 0 N/A N/A

9 Germination Trials at Garden in théoods

In addition to exclosure trialex situgermination trials were conductat Garden
in the Woods, Framingham, MA.

Seed was sown into Metddi x pr ofessional growin
flats and floated in 306 of freshwat
allowed to overwinter and freeze while floating(ielatively muddy) water. This
experimental germination trial required a total of 200 (~4 oz.) wild rice seeds. T
remainder of seed materials was stored in a container of freshwater above freez
(5-16°C), and in relative darkness for the winter months

Fig. 16- Wild rice seeds



The following table summarizes these findings over thev88k period data was collected on seed germination.

Germination Total #
Results % g\é?r.nination Surviving
DATE Flat (x/25) Germination (X/200)
11/20/2017 ‘ ‘ ‘ ‘ |
A-H N/A N/A
4/23/201 ‘ ‘ ‘ ‘ |
8
A 18 72
B 1 4
Cc 0 0
D 1 4
E 19 76
F 8 32
G 12 48
H 8 32
Avg. 33.5%  8.4/25 67
5/4/2018 ‘ ‘ ‘ ‘ |
A 3 12
B 1 4
c 0 0
D 1 4
E 0 0
F 6 24
G 1 4
H 5 20

Avg.85%  2.1/25 17




5/18/201
8

A 1 4
B 1 4
c 0 0
D 2 8
E 2 8
F 2 8
G 3 12
H 4 16
Avg.75%  1.9/25 15
6/8/2018 ‘ ‘ ‘ ‘
A 0 0
B 0 0
c 0 0
D 1 4
E 0 0
F 4 16
G 1 4
H 0 0
Avg. 3% 0.75/25 6
7/5/2018 ‘ ‘ ‘ ‘

AH 0 NA N/A 0



Discussion of 20172019 Results

1 Seeding
Sowing seeds produced wild rice plants in every case, regardless of treatment type. We observed wildlife herbivory aht@iVIBRVR
Cl, but none that appeared to impact wild rice populations to a significant degree. Where waterfowl cause damage lappedne early stages
of vegetative development on wild rice (through consumption of shoot and leaf materials), which may inhibit growth, depemdgf
grazing. Seeds broadcasthin full exclosuregeven in a relatively small amount of 50éosure) survived to flowering arseding.

From September 2Bto 2@h, 2019, we collected seed from wild rice plants from areas withisttitlyareaon USFWSproperty along
the SudburyRiver. A totalof approximaté 2200zof wild rice seedwascollectedfrom 68 plants,with caretakento collect<20%of seed
fromeach individual, and to distribute collection along approximately 0.8miiles.

Following collection,seedvasstoredin waterfor 1 day(Sept24th, 2019),beforebeingfilteredto excludefloating, presumablyeadandinviable
seeds.

Seedwasbroadcastrom acanoealongthe SudburyRiver, in areasvhereongoingmanagemeraf Trapanatansis occurring,or hasoccurred
since lasteporting(see Conclusion for details on seed broadcasting 2019)



Zizania Collection
ite 3
s - ®
Zizania Collection

Zizania Collection
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Zizania Collection
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Map 17 Collection areas of Zizanequatica fobroadcasting. Broadcast occurred primarily betvibesecollection areas.

M InvasiveSpecies

One primary concern is that invasive plant species are the dominant competition fc&s
habitat(andlikely, for nutrients).ThiswasobservedtbothSRandGMNWR-CI evidenced AR
by the highestsurvivalrateswhereseedvassownandinvasiveplantspeciesvereremoved  Fig. 17 American lotus gr
by handat quadrat®QaandQe(76.5%,85.7% respectively) Furtherwherequadratsvere ~ **°%"™
sown but invasive plant species were not removed (Qb and Qf) exhibited <50% survivorship (20% and 40%, respectivelypateshveitim
guadrats where invasive plant species were controlled. In addition, b2 tb&al genets of wild rice observed within quadrats where invasive
speciesvereunalteredpnly 1 genetwasobserveditreproductivestage This is likely aresultof seedgerminaton, stemgrowth,andreproductive
structures slowed due to competition with dense invagigetation.

’ s, § ) i,
owing within full exclosure from prexisting soil

-



a. Although not quantified, with each vigitany of the exclosures sites, we found the most significant negative impact to wildthese
exclosuresppearedvheninvasiveplantspeciegprimarily waterchestnubn SudburyRiver andAmericanlotusat GreatMeadows)vere
able to enter the exclosures, either throughegxisting seeds in theoil seedbank below or possibly penetratihg exclosures from the
openings. Anecdotally, some researchers think that invasive species are a major reason for the decline of wild ricestarttingnde
dynamicbetweennvasiveplantsandwild rice is importantto our understandingf howto successfullyestorewild rice onthelandscape.

i Exclosures

While few incidental seeds did germinate in the exclosures that were not seeded (Full Exclosure F, Qc and Qh), thdaaedschexc

' guadrats had many times m@eeds exhibitingermination andwild rice plants growing to
reproductive stages flowering and fruiting Even in the most abundant case of incidental
seedhg (from seedbank, seed flotation, etc.) onlyill rice plant was observed. It appears
from this preliminary evidence that broadcasting of seed on either site (GMEIVIRSR)

may be possible as part of a largescale restoration, with greater germamation

survivorship at SR than GMNWR, due to apparent habitat preference and less total area
dominated by invasive vegetation. Broadcasting of wild rice seed should only be conducted
following implementation of a comprehensive invasive species managemiang i@gn

areas where invasive species are not present. Further, wild rice habitat typically includes
low-energy riparian edges with moderate fluctuation in water levels, oxbows, mudflats, and
tributaries. These habitat types located within the Sudbusal#, and Concord River
Watershed would be ideal for future broadcasting of wild rice seed.

1 GerminationTrials:

Germination wa first recorded oApril 23rd, 2018, and with a rate of 33.5%, with
67 genets recorded. Germination began to decline asvdateecorded every2 weeks,
andall flats (with the exception of Flat C (which had no germination) continued to
germinate new genetsitil the end of the trial oAugust10th 2017. The highest recorded
number of surwiing wild rice plants was oNay 23rd, 2018 with 67 genets, with many
plants reaching-2ft in height.

Survivorship declined during May 2018, with only 6 genets surviving into June. The increase in mortality of surviving |aht<due to
high water levels caused by major rain eventsarly June, and flooding of the flats in an artificial environment.

Thistrial indicatesanaveragegerminatiorpercentagef 13%overthecourseof thegerminatiortrial, far lessthanobservedn situ. Further
germination trials would be better condeattin an area of more natural hydrology, typical of the habitat where wild rice actiessgion.




Conclusion

From the data collected in 2018, we arebeginning to better understand the potemtiaild rice b 2e 2 A
restoratioratboth GreaMeadowsNWRi Concord Impoundment and SudbiRiver. Regardless of this i
research, iappearsnuchof the potential habitat suitable to wilde proliferation has beecompromised = -~
at GMNWR-CI. This is due primarily to theompletedomination of surface watéom Americanlotus. -s“"—;w Vel
Low-energy riparian edges found on the &8 more ideal for futureroadcastingf wild rice seedlt ﬁEl ;; =
appears the exclosures haymwsitiveeffect on the growth and survivorshipgitaniaaquaticain these / s
environsallowingit to flourish in areas otherwise vulnerablarneasivespecies proliferation. However, -
predationby waterfowl and wildlife do not seem to be the immediate stressor evtlgod wild rice. =

From our preliminary data, wecognizethe proliferation of invasive plant species to be the primary :
limiting factor to wild rice growth. We were able to further assess this hypothesis by collecting dat__
within our opened quadrats, whidid not limit wildlife from preying upon wild rice at either site. From *’ B

this preliminary dataye stronglyrecommendutureresearch focuses on the relationship of invagiasat Flg 16 Water-chestnut removed from Sudbury River quadra
species (irparticular,waterchestnut Trapa natankat SR andAmericanlotus [Nelumbdutegd at GMNWR-CI) with thatof wild rice andts habitat.
Furtherresearchmayalsofactorin the effectsof waterchemistry,nutrientloading,andclimate relatedeventgsuchasstormsurgesgxtensive flooding,
drought, etc.) on wild ce and its habitat.

In the fall of 2018and spring of 201,9ve removed all existing exclosures and quadrats from

¥ GMNWR-CI and SR, and dispodef invasive species plant materiatsllectedduring this phase of
our research. In addition, we broadcasted séedld rice in area®f the Sudbury River where we
believe suitable habitat remains unaltered by invasive species and will support wild wite gro
going forward.In September 2019, we broadcast sowed approximately 2200z of wild rice seed in
i areas where ongoing invasive species management has taken place, specifidatypaoratansor
water chestnut.

; | In 20192020, we compiled all data cetited during this project into this cohesive final report
Fig. 20c Bumblebee polllnatlng wild rice flowers, Sudbury River.



2019 Zizania aquatica Seed Sowing Locations — Great Meadows NWR / Sudbury River

Zizania aquatica
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Zizania aquatica

Sowing Site

(Sudbury River)

Site 1 42.3898 -71.3715
Site 2 42.3908 -71.3656

Site 3 42.3915 -71.3625
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