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Anadromous fish (e.g., Alosa fallax)  ooustean i
are a particular group of migratory  River

species that exemplify
interlinking of freshwater

marine ecosystems, utilizing both
environments to complete their life
cycle.
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@ Methods

Habitat description

The study area Meso-HABitat Simulation Model (MesoHABSIM?3)

o~

Shore

Socchieve

/\ Water level sensor
[ ] Surveyed reach
- Tagliamento river
[ | Tagliamento watershed

Madrisio

characteristics

- Velocity /-

Cover as presence of
vegetation, woo
debris, exposed roafs

Presence of "N
biotic substrates £ 3¥ %

Geomorphic Units (GUs?*) or mesohabitats Habitat attributes (biotic/abiotic)

Data collection

. 3 E! - RGB Orthomosaic

. . . | =2 GUs mapping
hYdI’O|QgICO| reglmes, bCII’.I’IeI'S ie U % Uncrewed Aerial Acustic Doppler < : g ~ Substrates
migration, habitat degradation, and ‘V ' 3 Systems (UAS)  Curent Profiler S > Covers
climate Chgnge) 0 20 Q. Adriatic sea 0 0.2 04 - T .1 > Depth and velocity

. lometers llometers r-. T E 9 Flow
There is still a limited knowledge of A. a) The Tagliamento River (NE Italy); b) the surveyed reach, 32 km L:_,,M' - Water temperature
fallox autecological and spawning upstream from the river mouth. e = SRl CletineE
. . . . . ,, ,, Water level |nfrared cameras 7,
habitat requirements, especially in Italian ir I T ten I T sensor (WLS) i Jd T
rivers2. == -’ ‘[El R IEI -’ IE] | |
S5 S I I I 3 field campaigns
May 2022 July 2022 May 2023
Mesohabitat suitability criteria
. GUS mosa-c req. o req. o req. of Veloci req. of Veloci req. of Veloci req. of De
d) Depth - Velocity [m - : 4 N MICIIIZOLCIITHfAL [%] PSI;MCIIM{ %] F[}.t;]-t}.1f5um!’s [1?; Ft}.'.-'}ctl}-t:r}:rrllfs [g] FD.I!»?}-U.gn:fs [g] 2.33.0.;5? mp;‘!:‘h]
N P 7o Y — High : 18.27 m ‘ A * 2 : c | 3 - o
’ " Low: -3.64 = E 2 - . e s “
A - : =] ®] : Accuracy: 98.8%
5 Categories [m] or [m/S] - BACKWATER _g 3_i T 7T S'r“r 1 T1 §:|'"| T T T 1 g_i' T 11 g_i T ; I B sens.".iv!ty: ]OO%
b Py i -0.0 045 E GLIDE % 00 04 08 00 04 08 00 04 08 00 02 04 00 03 08 00 02 04 speCIfICIfy: 976%
"‘”_ B 0.15-0.3 I:I POOL g TSS: 97.6%
é l:l 0.3-0.45 - RIFFLE g GU Freq. of Velocity Freq. of Depth Freq. of Velocity Freq. of Depth Freq. of g
' " ]0.45-0.6 E Gradient [%] wrr}.a.e.t}.sst} mls [%] 1.05-1.20 m [%] 0.60-0.75 mis [%] 0.15.0.30 m [%] AKAL [%]
[ ]0.6-0.75 5 57 =] 2 . - 2 C
; | . ]0.75-0.9 3 B 3 - S ] o 5 o ——0
A Y , — ° . S : S 2
§ e e [710.9-1.05 Q=119m’/s : ;] . —(—
\ ) \(\ = 1:52-0120 0 015 03 06 . EIiIJ_IJIIIJIJ.I ILIJIIJ; EIIJIIJ'S Cli I_Jilﬂlll llﬂll?:lll IEIIE» S EI_IiJIIJI iEI*|I‘=I IEI|3EI ; _EIiIJI iIEIi.?I IIlllfﬂf i ;Iﬂnlmllﬂllflill lﬂlﬁl Cli _Ellflllnill;li;il IIIIIE»I Shq"ow depihs; O.‘l 5_0.45 m
‘ ' 0 o1s o0s o Kllarelers S S S S S S Moderate flow velocities:
' ' | Kilometers 0.30-0.75 m/s
a) Water temperature and b) water levels recorded by the WLS (May 2022 — August 2023). GUs mosaic at Q = 11.9 m3/s. A total of 104 The parsimonious random forest (RF$) model for the spawning ~ Fine sediment: microlithal (2-
Spawning activity was assumed to begin when temperatures exceeded 12 °C5. c) Flow duration GUs were identified for the two considered oeriod of A. fallax. The selected habitat attributes are presented ¢ €M) and akal (gravel)
curve for the spawning period. d) 2D hydrodynamic simulation results at Q = 11.9 m3/s, obtained flow conditions (8.85 and 11.9 m3/s). in order of importance through partial dependence plofs.
using HEC-RAS software.
Mating events analysis
Spawning grounds ;
p g g b N 12 T T T T T 100 @
- Zeak spawning @) Mating events: 72
A =10} 0 75 o < Mating attempts: 35
= |9 11s 1% = 80% of events involved
S gl = single mating pairs
Tail g 160 g P S
splashing B GUs used to spawn b . . E @
' 4 ; ;
> .. {140 2 Peak mating activity:
D 4r . 8 = 00:30 - 01:30 h
® €  Mating event duration:
3 - [a> 3-11s (mean =5.55)
Q=11.9m’/s @
0.15 03 0.6 233000 00:00:00  00:30:00 01:00:00 01:30:00  02:00:00
| : D , , , —— SlIgHEEIeT Time [s] May 22, 2023-May 23, 2023 55% of mating events
a) l\;r:%red rcar:grobs)y Is\j\erpn(Ga\cdifro Tr?'ergsk)) ersk‘:cll.i]ccjr Orné] ”anr bror n)eir |c?|err;’r| I’r'end Glides and riffles where spawning activities Occurrence, duration, and cumulative frequency of mating  involved clockwise rotation
>PAWRING grovnds. b) MAling SVENT capiuied by e INfrared camerd. ) A premdiing were observed events recorded during the first night of observation (May 2 mslans ©F vile
activity (tail splashing). Frames extracted from videos recording. 2023) JGIE Od.V' eos
: recording

threats, yet their spawni

spawning  preferences

Italy).

« Anadromous fish in Italian rivers face growing

ng habitat preferences

remain poorly understood. This study addresses
this gap by investigating the meso-habitat

and  reproductive

behavior of A. fallax in the Tagliamento River (NE

Using the RF algorithm within the MesoHABSIM framework, we identified key habitat atiributes

associated with A. fallax spawning activity. The model’s high predictive performance suggests
its effectiveness for assessing available riverine habitat, though future validation in other river
systems is needed to evaluate its fransferability.

A. fallax showed a marked preference for spawning in specific areas (i.e., glides and riffles)

located upstream of notable increases in riverbed slope, while nearby extensive and deep
pools likely serve as daytime refuges. These findings highlight the importance of geomorphic
complexity in the selection of suitable spawning sites.

Local water temperature recording were essential for inferring the spawning period. In the

surveyed reach, spawning was observed to occur at slightly lower temperatures (14.6-17.8°C)
than typically reported in the literature°, likely due to the substantial contribution of
groundwater to discharge.

Videos recording using infrared cameras enabled the identification and precise spatial

localization of mating events within GUs. Additionally, key mating behaviors were clearly
documented, with potential for further enhancement through integration with UAS.

populations’,

Observed mating behavior was consistent with previous studies on other European shad
confirming possible genetic connectivity across

regionss. Additionally,

preliminary evidence indicates that lunar phases may influence mating occurrence,

highlighting a promising area for future research.

@ Conclusions

« This study” showed that A. fallax prefers to spawn in glides and riffles, characterized by
shallow depths, moderate flow velocities, and fine substrates, such as small pebbles and
gravel.

- By integrating high-resolution field data with machine learning (i.e., Random Forest) within the
MesoHABSIM framework, we effectively predicted svitable spawning habitats for A. fallax.

 |nfrared camera systems proved to be a non-intrusive, cost-effective method for monitoring of
A. fallax spawning behavior.

« Currently, no dedicated monitoring framework exists in Italy for this species. Therefore, further
research and structured, long-term monitoring are urgently needed.

« Conservation strategies should:
1. Adopt a mulliscale approach that addresses habitat quality, river connectivity, and
flow/sediment regimes across the catchment;
2. Expand the monitoring network for discharge, water quality, and temperature to support
the identification and maintenance of suitable spawning conditions for A. fallax.
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