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Antenna detection efficiency 
Autonomous passive integrated transponder (PIT) tag antenna arrays have been used extensively in aquatic systems to passively monitor fish behavior and performance. Robust interpretation of PIT antenna data requires an understanding of how effectively a given antenna array (i.e., station) detects PIT-tagged fish when they are present within the detection field, known as antenna detection efficiency (DE). DE is influenced by myriad factors including: (1) the size, shape, and number of loops constituting an array; (2) local electromagnetic and water quality conditions; and (3) the swim path, velocity, and orientation of each PIT-tagged fish (Connolly et al. 2008; Aymes and Rives 2009; Connolly 2010). In lotic (riverine) ecosystems, DE is routinely calculated by comparing the proportion of serial (i.e., sequential upstream-downstream, or vice versa) PIT tag detections among multiple loops of an antenna array (Zydlewski et al. 2006). This method is effective when fish movement is predominantly unidirectional and produces serial detections (e.g., during downriver migration events), or when the number of PIT-tagged fish moving past the array is known (e.g., large-scale fish release events; Connolly 2010).
By contrast, there are unique challenges associated with the operation and maintenance of PIT tag antenna systems in lentic and brackish environments, which compromise antenna performance and hinder robust assessment of DE. Non-migratory fish behaviors (e.g., milling, holding, or residency; hereafter collectively referred to as “milling events”) are especially problematic in lentic habitats and often yield a large number of single loop (i.e., non-serial) detections (Meynecke et al. 2008; McNatt et al. 2016; Osterback et al. 2018). Furthermore, non-migratory behaviors routinely place multiple fish in the detection field simultaneously, creating interference (all PIT tags operate at the same radio frequency, 134.2-kHz) that results in missed detections or incorrectly decoded tag information (termed PIT tag collision; O’Donnell et al. 2010; Schmidt et al. 2016). Of special concern for our study is the knowledge that fluctuating water quality—particularly temperature and salinity—can strongly influence the electrical properties of each loop’s detection field, temporarily reducing read range or inhibiting detections altogether (Barbour et al. 2010). Based on more than a decade of operating PIT tag antenna arrays in the Scott Creek estuary/lagoon (e.g., Bond et al. 2007; Hayes et al. 2011; Frechette et al. 2016; Osterback et al. 2018) we have found that non-serial tag detections predominate during the period of lagoon formation (Osterback et al. 2018), chiefly for the reasons outlined above. Consequently, DE at the Lagoon Array can rarely be assessed using methods applied in lotic ecosystems. 
To provide a measure of system performance during our study, field personnel visited each antenna array approximately every nine days during the five-month study period to document antenna functionality and to quantify the strength and extent of the detection field for each loop using a test tag analog (Zydlewski et al. 2006). We classified the operational status of each antenna array as: (1) “fully functional,” when all loops had 100% detection coverage (i.e., full read range with no dead zones); (2) “partially functional,” when one or more loops had reduced read range and dead zones were present; or (3) “non-functional,” when the instrument’s power was turned off. For the Riverine and Interface arrays, we calculated DE (e.g., Zydlewski et al. 2006; Connolly 2010) over the entire 154-day study period using all PIT tag detection data at each station. For each antenna array we included salmonids tagged outside the temporal and (or) spatial scope of our study (i.e., in support of other research and monitoring efforts in the basin).
The Riverine Array was fully functional the majority (87.7%) of the study period and had a high overall DE estimate (80.3%; Table S1). The Interface Array was fully functional 59.7% of the time and also had a high DE estimate (99.4%; Table S1). Lastly, the Lagoon Array was fully functional 53.2% of the time, with unknown DE, and the majority of PIT tag detections at this station were classified as ambiguous movement (i.e., single loop detections; Table S1, Fig. S2). Reduced functionality at the Lagoon Array was a result of changes in antenna loop geometry, fish behavior, and episodic changes in salinity. Whereas channel width at the Lagoon Array was relatively wide (17.7 m), the system consisted of four independent antenna loops; two adjacent loops downstream to effectively span the entire channel and two more upstream for the same purpose. On several occasions, we documented reduced read range on one or more of the four antenna loops associated with changes in water level and (or) macroalgal/detrital accumulation that altered loop geometry, generated dead spots, and likely resulted in missed detections. Additionally, wave overtopping events delivered large amounts of saltwater to the lagoon during Phase 2 (13 July–8 August 2018), substantially attenuating each loop’s detection field (reduced detection field to 5–15 cm around each loop). Consequently, there were a relatively low number of total detections during this period (Fig. S2).
[bookmark: _heading=h.gjdgxs]Despite these shortcomings, we are confident that our data allow us to draw robust inferences about juvenile steelhead movement. It is instructive to note that the Lagoon Array detected 1,521 (78.8%) of the 1,930 PIT-tagged juvenile steelhead handled during monthly sampling events over the course of the study (e.g., “recapture rate” discussed in Adams et al. 2006; Meynecke et al. 2008), indicating the system as a whole functioned well even with variable DE. Moreover, the timing of single loop detections at the Lagoon Array peaked at dawn and dusk, mirroring the patterns seen in the directional movement detections (Fig. S3). Since we could not explicitly take daily DE into account, our inferences were conservatively limited to directional movement patterns within each environmental phase—not between phases—as the latter could have been influenced by a combination of DE, fish behavior, environmental drivers, and (or) other variables not considered in our study. We also focused our efforts on peak movements rather than individual fish to illustrate the importance of movement timing as a population response similar to our monthly performance metrics from seining events. 

Supplemental Table:
Table S1. Daily operational status and overall antenna detection efficiency (DE) of the three PIT tag antenna arrays operated in Scott Creek (CA, USA) during our 154-day study (20 June–20 November 2018). Data are presented as the number of days (N) and percentage (%) of the total study period each system was classified as fully functional, partially functional, or non-functional.

	PIT tag antenna
	Daily operational status
	 

	array
	Fully functional
	Partially functional
	Non-functional
	Overall DE

	(Station ID)
	N
	%
	N
	%
	N
	%
	(%)

	Riverine
	135
	87.7
	18
	11.7
	1
	0.6
	80.3

	Interface
	  92
	59.7
	59
	38.3
	3
	1.9
	99.4

	Lagoon
	  82
	53.2
	65
	42.2
	7
	4.5
	---




Supplemental Figures: 
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Fig. S2 Number of distinct juvenile steelhead movement events detected each day at the Riverine (a), Interface (b), and Lagoon PIT tag antenna arrays (c) operated in the Scott Creek (CA, USA) estuary/lagoon and lower mainstem creek, across the four environmental phases identified during the study period. Blue bars denote upstream movement, orange bars denote downstream movement, and black bars denote ambiguous movement (bin width = 1 day). Environmental phase dates (2018) were 20 June–12 July (Phase 1), 13 July–8 August (Phase 2), 9 August–7 September (Phase 3), 8 September–20 November (Phase 4). Note bars are stacked ontop of each other and there are different y-axis scales in each panel. 
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[bookmark: _heading=h.30j0zll]Fig. S3 Histograms of ambiguous juvenile steelhead movement events (i.e., single loop detections) at the Scott Creek (CA, USA) Lagoon PIT tag antenna array (Lagoon Array) relative to sunrise (left panels; a, c, e, g, i) and sunset (right panels; b, d, f, h, i) during each environmental phase (panel rows). Bin width = 0.25 hour. Dark background shading in each panel denotes nighttime, light shading represents dawn or dusk, and the unshaded region indicates daylight hours. Environmental phase dates (2018) were 20 June–12 July (Phase 1), 13 July–8 August (Phase 2), 9 August–7 September (Phase 3), 8 September–20 November (Phase 4)
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